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Abstract— Major structures like buildings, dams, bridges are subjected to serious loading and their performance is likely 

to alter with time. It is subsequently essential to check the performance of a structure through continuous monitoring. 

Structure Health Monitoring (SHM) is a process in which certain methodologies are executed for determining the presence, 

location and severity of damages and the remaining life of structure after the occurrence of damage. This research focuses 

on realization of an ambient vibration loading based SHM framework employing smart sensors and Internet of Things 

(IoT) to detect damage on time. In general terms, damage can be defined as changes introduced into a system that adversely 

affect the current or future performance of that system by smart sensor and computer programs. 

Keywords— Structure Health Monitoring, Internet of things (Arduino & Packetsender), Accelerometer sensor, 

Recording & analysis of ambient vibration. 
 

I. INTRODUCTION 

Considering to quality of structures that diminishes due to persistent loading and effect of environment, early discovery 

of damage is extraordinary concern for civil structures. In case not recognized in time, damage may have serious results 

for security of inhabitants. There are a few common occasions which may influence the quality of structure. It should be 

ensured that the structure is secure after such characteristic events. It may conceivable that a modern developed structure 

may not be performing well with respect to design parameters, either due to inferior fabric or defective construction. This 

all could be guaranteed by appropriate health monitoring of structure. [32] 

The SHM process includes the observation of a framework over time utilizing intermittently, inspected dynamic 

reaction estimations from an array of sensors, the extraction of damage-sensitive highlights from these estimations, and the 

statistical investigation of these highlights to decide the current state of framework health. Particularly so when damages 

to structures are concerned, it is important to note that there are stages of expanding difficulty that require the knowledge 

of previous stages, specifically: 

1. Detecting the presence of the damage on the structure (Sensors cannot measure damage. Feature extraction through 

flag processing and statistical classification is essential to convert sensor information into damage information)  

2. Locating the damage  

3. Identifying the types of damage 

4. Quantifying the severity of the damage  

On the other hand, IoT could be a recent communication worldview that envisions in a near future, in which the objects 

of daily life will be prepared with microcontrollers, handsets for computerized communication, and reasonable convention 

stacks that will make them able to communicate with one another and with the users, getting to be an indispensably portion 

of the Internet. 

The reality is that the IoT permits for all intents and purposes unending openings and associations to take place, 

numerous of which we can't indeed think of or completely understand the effect nowadays. It's not difficult to see how and 

why the IoT is such a hot subject nowadays; it certainly opens the entryway to a lot of opportunities but also to many 

challenges. Security could be a huge issue that's oftentimes brought up. Mechanical devices of all sorts are getting to be 

more common in our everyday lives: smart devices are being incorporated in buildings, houses, cars and public framework 

such as streets and bridges. The modern devices provide us an unordinary degree of connectivity in our normal activities, 

for example when we employ our tablets or smart phones to check mail or browse the open network, but moreover in more 

inventive shapes of network, such as getting notifications specifically from our fridge or collecting data from our dress and 

shoes. This innovative transformation brings unused opportunities and challenges for users, businesses, and society.  

This paper investigates such a context, where we start to co-exist and connected with a network of interconnected 

devices that's known as the IoT. Recently IoT has given a promising choice for SHM. In recent years, SHM issues have 

gotten expanding interface from numerous academic and building fields. One hot subject is to identify, locate and evaluate 

damages of structure so as to calculate its remaining life and predict upcoming accidents. In SHM, structural highlights 

which are extricated from intermittently dispersed estimation utilizing sensors are subject to variable environmental 

conditions. 

So we are proposing a modern face of IoT, which has been considered as an unused generation of systems that combine 

ambient vibration loading of the structure which caused due to different sources, with information transmission and 

processing through wireless communication techniques or wireless sensor networks, give a better option for SHM.  So that 

the upcoming accidents or disasters caused by structural problems (e.g. building collapse, damages) may be prevented. It 
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is a process in which certain methodologies are executed for determining the presence, area and severity of damages and 

the remaining life of structure after the occurrence of damage in an IoT on ambient vibration loading of the structure.  

Ambient vibrations are generally caused by external force applied either directly to the floor by people, machinery or 

indirectly by moving floor supports after transmission through the building structure or through the ground.  

The principal sources of these vibration in buildings are:  

 Human activity, e.g. walking, dancing, jumping, etc. 

 Vibrating machinery 

 External forces, e.g. traffic at ground level or underground, or wind buffeting.  

For moving towards to the projects of smart cities, such framework will be the part of smart structures that can sense 

the ambient vibrations loading by sensors. Damage in structure cannot be measure by Sensors, but flag processing and 

statistical classification is essential to convert sensor information into damage information. Many sensors will be attached 

in buildings to acquire information containing ambient vibration loading states of the structures. After information 

collection, transmission, processing and analysing which will be done as coding in computer program Arduino, its sending 

to users mobile or computer device through internet and Pocketsender. User would be able to interpret the information 

immediately which was not available earlier or was too late to reply, and structural issues such as building cracks and 

mechanical breakdown can be successfully identified or predicted, or the analysed data can be checked by the program in 

same structure. 

The essential objective of this investigate work is to consider the method for monitoring of structure failure with help 

of internet of things. The particular objectives were: 

 To evolve a modern integrated technique to record data of ambient vibration Loading of structure with 

Accelerometer sensor and Arduino program 

 To develop a low cost technique of SHM with Collecting the recorded data, analysis and monitor by Pocketsender 

and send to anywhere. 

II. MATERIALS AND PROGRAMS 

Materials which we are using in this research are: 

1. Accelerometer Range ±8g, Accuracy ±0.01g (REES52 GY-521 Mpu6050 Module+3 Accelerometer for Arduino) 

in Fig.1. 

2. ESP8266 Nodemcu Board (WiFi) (OLatus Ol-Nodemcu-Cp2021 Wireless Module Nodemcu WiFi Internet of 

Things Development Board Based Esp8266) in Fig.2. 

3. 500mAh Li-ion Battery (Invento 3.7V 500mAh Rechargeable Lo-ion battery) in Fig.3. 

 

 

Fig. 1 Accelerometer Sensor 

 

Fig. 2 Nodemcu Board 

 

Fig. 3 Li-ion Batter

Computer Programs for coding, analysing, transferring and monitoring of data are: 

1. Arduino 

2. Pocketsender 

III. METHODOLOGY AND EXPERIMENTAL 

Scope of this research work includes three layers which is perception layer, network layer and application layer. 

 Perception layer (identify the object and sensor, and collect information through sensor, etc) 

 Network layer (make accurate transmission and processing of information obtained in the perception layer through 

the network, etc) 

 Application layer (analyze and process massive data and information through cloud computing, etc) 
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Fig. 4 The workflow of internet of things (IoT) based ambient vibration measurement of structure 

In this paper, Information about the inspections carried out is collected Through sensors. so after applying sensors at 

critical locations of the structure, the analyses and process of the data will be done by the IoT programming application. 

With this information it is possible to evaluate damage and the conditions of the structures, in order to prioritize the 

financing for the repair and maintenance of the structure. 

After sensor data collection, transmission, processing and analyzing, structural problems such as building damage, 

changes in structure, and mechanical breakdown can be successfully detected or predicted, so that the upcoming accidents 

or disasters caused by structural problems (e.g. structure collapse, mechanical accident) may be prevented. Furthermore, 

threshold values for alarm signals can be set to inform structure operators of critical events.  

Experimental Validation Work 
 

The main propose of this experimental is, finding deflection and calculating maximum stress in beam before failure 

by accelerometer sensor, Nodemcu, Arduino, and Pocketsender. The accelerometer sensor gives the angle of sloping beam 

and by the ARDUINO program we find the deflection and stress of beam due to ambient vibration and loads though coding 

program. Point to be noted (angle is in degree from sensor but Arduino program cannot accept degree value so the angle 

should be change to radiant R=Dπ/180). 

By using Trigonometry method shown in Fig.5 we can easily find deflection and stress with some calculations: 

 

Fig. 5 Analyzing beam deflection by using Trigonometry method 

Calculation of deflection (D) from combination of (a) and (b): 
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There are different loads acting on beam as point load, UDL load, rectangular load and so on. As we are calculation 

ambient vibration load which is usually as UDL load, so base on this experimental, we are going for a simply supported 

rectangular beam with UDL load: 

Ambient 
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Fig. 6 Simply supported rectangular beam with UDL loading 

𝐷𝑒𝑓𝑙𝑒𝑐𝑡𝑖𝑜𝑛 (𝐷) =
5 𝑊 𝐿4

384 𝐸 𝐼
   … (c) 

So based on this formula (c) (W) load which act on beam is unknown (d), (E) Elastic of modules which is different for all 

material of structure based on IS-456.  
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Stress in beam after calculation and comparing with maximum stress capacity in code IS-456. Calculation of 

stress (δ): 
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The final formulas (1 & 2) are set to Arduino program as coding to install in Nodemcu board, Arduino program which 

has two parts void setup and void loop. Setup is the preparation where it runs only once and is used to set pin mode or 

initialize serial communication, loop is the execution and it runs repeatedly in the program and consecutively, allowing the 

program to change, respond and control the Arduino boards. Both functions are required for the program to work as shown 

in Fig. 7: 

 

Fig. 7 (a) ARDUINO programing data 
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Fig. 7 (b) Final formulas in ARDUINO 

 

Fig. 8 final Result of stress and deflection of beam in Arduino 

 

Fig. 9 wood frame sample attached with sensor and Nodemcu 
After installing coding from Arduino program to Nodemcu (wireless), sensor and Nodemcu will be attached with 

model or real structure at place where beam is bending (sloping area) and Wi-Fi connection to sensor and board, we will 

receive result data in Pocketsender and from this program we can save and send data to anywhere at any time. Point to be 

noted that if Arduino programing data should be same as structure that sensor will be attached like wide, length, height of 

beam and other necessary elements.  
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Fig. 10 Final result in Pocketsender 

IV. CONCLUSIONS  

SHM has been selected as a relevant subject of study in manufacturing, civil engineering and aerospace industries 

since it successfully allows monitoring, performance evaluation, prediction and report of structure integrity. Also IoT has 

received a great attention due to its potential and capacity to be integrated into any complex system. As a result of rapid 

development of sensing technologies such as radio-frequency identification, sensors and the convergence of information 

technologies such as wireless communication and Internet. 

As looking to the need of the continuous monitoring of the ambient vibrations, this research is emerging as an important 

technology for monitoring systems. Hence IoT helps in real-time data monitoring and take immediate action if any problem 

arises. So IoT based on structural health monitoring can prevent catastrophic failure, Higher operational loads and 

environmental impact, Complexity of design and longer life time periods for structure. It can be applied to new structures 

as well as to existing structures. 

V. ACKNOWLEDGEMENT 

I would like to express my special thanks of guidance to Dr.Siddharth Shah who gave me the golden opportunity to 

do this wonderful project on the topic (Internet of Things (IoT) based ambient vibration measurement of structure). 

This research would not have been possible without the kind support, encouragement and help of Dr. Ravi Butani and 

Dr. Mazhar Dhankot, also helping me in doing a lot of research and I came to know about so many new things I am really 

thankful to them. Also I would like thanks my university & ICCR for their kind co-operation and support which help me 

in completion of this project. 

My special thanks and appreciations go to my parents and my friends who have willingly helped me out with their 

abilities and helped me a lot in finalizing this project within the limited time frame. 

 

REFERENCES 

[1] Adam B. Noel, Abderrazak Abdaoui, Tarek Elfouly, Mohamed Hossam Ahmed, Ahmed Badawy and Mohamed S. 

Shehata. 2017. Structural Health Monitoring Using Wireless Sensor Networks: A Comprehensive Survey. IEEE 

Communications Surveys & Tutorials, Vol. 19, No. 3. 

[2] Ahadzadeh S, Valadanzouj M, Sadeghian S and Ahmadi S. 2008. Detection of Damaged Buildings After an 

Earthquake Using Artificial Neural Network Algorithm. The International Archives of the Photogrammetry, Remote 

Sensing and Spatial Information Sciences, Vol. XXXVII, Part B8, pp. 369–372. 

[3] Ahmed Abdelgawad and Kumar Yelamarthi. 2017. Internet of Things (IoT) Platform for Structure Health Monitoring.  

Hindawi Wireless Communications and Mobile Computing Volume 2017, Article ID 6560797. 

[4] Aisha Ebrahem Bazama and Yasser Fouad Hassan. 2012. Hybrid System of Cellular Automata, PCA and Support 

Vector Machine for Noise Reduction and Classification in Human Iris Recognition. IJIIP: International Journal of 

Intelligent Information Processing, Vol. 3, No. 4, pp. 47-67. 

[5] Akmaluddin and Pathurahman. 2012. Effective Moment of Inertia Approach for Predicting Deflection of Concrete 

Beams Reinforced with Twisted Bamboo Cables. International Journal of Civil & Environmental Engineering IJCEE. 

[6] Alexandr Krylovskiy, Marco Jahn and Edoardo Patti.2015. Internet of Things Platform with Micro Service 

Architecture on Designing of a Smart City. 3rd International Conference on Future Internet of Things and Cloud, 

IEEE, At Rome, Italy. 

[7] Anne S. Kiremidjian1, Erik G. Straser, Teresa Meng, Kincho Law and Hoon Sohn. Structural Damage Monitoring 

for Civil Structures. Grant CMS – 9526102. 

[8] Arcadius C. Jr, Tokognon, Bin Gao, Gui Yun Tian and Yan Yan. 20147. Structural Health Monitoring Framework 

Based on Internet of Things. IEEE Internet of Things Journal Vol: 4, (3) 619 – 635. 

[9] Billie F, Spencer, Manuel Ruiz-Sandoval and Narito Kurata. 2004. Smart Sensing Technology for Structural Health 

Monitoring. 13th World Conference on Earthquake Engineering, Vancouver, B.C., Canada, Paper No. 1791. 

http://www.jetir.org/


© 2019 JETIR April 2019, Volume 6, Issue 4                                             www.jetir.org  (ISSN-2349-5162) 

JETIR1904557 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 377 
 

[10] Christian Lazo, Paulo Gallardo and Sandra Cespedesy. 2015. A Bridge Structural Health Monitoring System 

Supported by the Internet of Things. IEEE COLCOM. 

[11] Deb S.K, Islam M and Shanker R. 2008. Health Monitoring of pavement.  National Workshop on Health Monitoring 

Nondestructive Evaluation and retrofitting of structures, IIT Delhi, HauzKhas, New Delhi, India.  

[12] Delphine Christin, Andreas Reinhardt, Parag S. Mogre and Ralf Steinmetz. Wireless Sensor Networks and the 

Internet of Things. Merckstr. 25, 64283 Darmstadt, Germany. 

[13] Guo Yi and Bai Xinyue. A Multiple-F0 Estimation Algorithm for Computer Composed Music based on Supervised 

Learning and Harmonic Selection. JDCTA: International Journal of Digital Content Technology and its Applications, 

Vol. 6, No. 11, pp. 139-147, 20. 

[14] Hongyang Zhang, Junqi Guo, Xiaobo Xie, Rongfang Bie and Yunchuan Sun. 2013. Environmental Effect Removal 

Based Structural Health Monitoring in the Internet of Things.  Seventh International Conference on Innovative 

Mobile and Internet Services in Ubiquitous Computing, Taichung, Taiwan. 

[15] Jiong Jina, Jayavardhana Gubbib, Slaven Marusicb and Marimuthu Palaniswamib. 2013. An Information Framework 

for Creating a Smart City Through Internet of Things.  IEEE Internet of Things journal, vol. 1, no. 2, 56-67. 

[16] Kehua Su, Jie Li and Hongbo Fu. 2011. Smart City and the Applications, International Conference on Electronics. 

Communications and Control (ICECC), Sept 9-11, Ningbo, China. 

[17] Kehua Su, Jie Li and Hongbo Fu.2011. Smart City and the Applications, International Conference on Electronics. 

Communications and Control (ICECC), Ningbo, China. 

[18] M. Sun, W. J. Staszewski and R. N. Swamy. 2010. Smart Sensing Technologies for Structural Health Monitoring of 

Civil Engineering Structures. Article ID 724962, Wuhan University of Technology, Wuhan 430070, China. 

[19] Md Anam Mahmud, Ahmed Abdelgawad, Kumar Yelamarthi and Yasser A.Ismail. 2017. Signal Processing 

Techniques for IoT based Structural Health Monitoring. International Conference on Microelectronics (ICM). 

[20] Meonghun Lee et. Al. 2016. International Journal of Smart Home. Vol. 10, No. 6, pp. 345-354. 

[21] Moeen Hassanalieragh, Alex Page, Tolga Soyata, Gaurav Sharma, Mehmet Aktas, Gonzalo Mateos, Burak Kantarci 

and Silvana Andreescu. 2015. Health Monitoring and Management Using Internet of Things (IoT) Sensing with 

Cloud-based Processing: Opportunities and Challenges. IEEE International Conference on Services Computing, 978-

1-4673-7281-7/15. 

[22] P. Kuras, T. Owerko, Ł. Ortyl, R. Kocierz, P. Kohut, K. Holak and K. Krupiński. Comparison of Methods for 

Measuring Deflection and Vibration of Bridges. Corresponding author. N N526 158838. 

[23] Shanker R, Bhalla S and Gupta A. 2008. An Integrated Approach for Health Monitoring of Multistory R.C. Frame. 

Proceedings of ASME Conference on smart material, adaptive Structures and Intelligent Systems, Ellicott City. 

[24] Shanker R, Bhalla S and Gupta A. 2009. Health Monitoring of Deep Foundation Using PZT Transducer. National 

Conference on Research in Civil Engineering IIT Madras., Chennai, India. 

[25] Shanker R, Bhalla S, Gupta A, Bakhshi A, Khandelwal A and Singh N. 2010. Prediction of Remaining Life of 

Structure after Damage using PZT Transducer.  International Conference on Advances in Experimental Mechanics. 

[26] S. M. Riazul Islam, Daehan Kwak, MD. Humaun Kabir, Mahmud Hossain and Kyung-Sup Kwak. 2015. A 

Comprehensive Survey on The Internet of Things for Health Care. 2169-3536, IEEE. 

[27] Victor Debnath and Bikramjit Debnath. 2014. Deflection and Stress Analysis of a Beam On Different Elements Using 

Ansys APDL. International Journal of Mechanical Engineering and Technology (IJMET), ISSN 0976 – 6359. 

[28] Yan Yu, Xuefeng Zhao and Jinping Ou. 2015. A New Idea of Mobile Structural Health Monitoring Using Smart 

Phones”, Vibro engineering PROCEDIA, Vol. 5, p. 241-246. 

[29] Yan Yu, Xuefeng Zhao and Jinping Ou. 2012. Mobile Structural Health Monitoring Using Smart Phones. Third 

International Conference on Intelligent Control and Information Processing - Dalian, China. 

[30] Yun Xiao, Wei Li, Xiao-jiang Chen, Bao-ying Liu, Lin Wang and Ding-yi Fang. 2013. An Immune Theory Based 

Health Monitoring and Risk Evaluation of Earthen Sites with Internet of Things. IEEE International Conference on 

Green Computing and Communications and IEEE Internet of Things and IEEE Cyber, Physical and Social 

Computing, 978-0-7695-5046-6/13 IEEE. 

[31] Brain W. Evans. 2007. Arduino Programming Notebook; First Edition. 

[32] Rama Shanker. 2009.  An Integrated Approach for Structural Health Monitoring, Indian Institute of Technology 

Delhi. 

[33] Tomonori Nagayama. 2007. Structural Health Monitoring Using Smart Sensors. Dissertation, University of Illinois 

at Urbana-Champaign.  

http://www.jetir.org/

