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Abstract : Global construction market has huge potential 

and concrete play key role in most of construction 

projects. Concrete strength depends on many parameters 

i.e. strain, humidity, temperature, cracks and vibrations 

etc. These parameters when monitored in real time will 

help to get insight of these parameters.  SHM (Structural 

health monitoring) is based on NDT (Non-destructive 

testing) here sensors will be used colleting real time data 

so as to find weakness or issues in structures and take 

informed decision. Hence in this study main objective to 

study various properties of SHM and how it can help 

concrete structures.  
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I. INTRODUCTION 

 

Global construction market has potential to grow 

around $25928.27 by 2032 

(https://www.thebusinessresearchcompany.com/rep

ort/construction-market). Prefabrication can solve 

may issue of construction site like productivity, 

safety, quality etc. and has main phases like 

production (include storage); Transportation 

(delivery and shipping) phase; and assembly phase 

(DTU, 2019). Precast can be used for residential 

project (Great Magtech electric, 2024) also has 

ability to use embedded electronic for new 

functionalities (Michaël David et al, 2024). As 

precast industry uses concrete as main element 

hence concrete play an important role. It is also 

possible to integrate various high technologies like   

BIM, AR and VR; Data accusation RFID, barcode, 

GPS, image recognition, CCTV; Data integration 

cloud computing; and during decision making AI, 

simulation etc. in precast construction (Zhuo Cheng, 

et al, 2023).  

SHM (Structural health monitoring) is based on 

NDT (Non-destructive testing) (Yoann Hebrard, 

2019) here sensors will be used colleting real time 

data so as to find weakness or issues in structures 

and take informed decision (Forough Farhadi, 

2024). Hence in this study main objective to study 

various properties of SHM and how it can help 

concrete structures.  

 

II. LITERATURE REVIEW 

 

A. SHM 

 
 Fig 1: Comparison between Human body  and SHM 

system  Source: (Vahid Reza Gharehbaghi, et al, 

2022) 
 

SHM is based on NDT (Yoann Hebrard, 2019) and 

considers real time monitoring of structures 

(Vinamra Bhushan Sharma et al, 2021) with help of 

embedded sensors (Forough Farhadi, 2024). It is 

similar to human structure as shown in figure 1, just 

like human has brain, nerves and senses to collect 

information regarding their environment (may be 

internal or external) so as to maintain their health. In 

SHM system also sensor will used to collect 

information and then computers will be used for data 

analysis as well as take decision.  

(Vinamra Bhushan Sharma et al, 2021) observes that 

IoT will help in case of continuous monitoring. IoT 

will include four main components i.e. Wireless 

sensor network (WSN); gateway; RCSR (Remote 

control and service room); and OPC (Open Platform 

https://www.thebusinessresearchcompany.com/report/construction-market
https://www.thebusinessresearchcompany.com/report/construction-market
https://link.springer.com/article/10.1007/s11831-021-09665-9#auth-Vahid_Reza-Gharehbaghi-Aff1
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communication) client server.  As per (Adam B. 

Noel et al, 2017) WSN will be powerful as well as 

low-cost platform to connect large network of 

sensors which can be used in SHM also as there will 

be distributed throughout structure for assessing 

structure health. As per (Ni solution, 2024) SHM 

will combine different physical sensing and 

measurement technique with continuous and remote 

processing so as to capture real time data and log it 

for historical record and then analyses continuously. 

As per (Vinamra Bhushan Sharma et al, 2021) AI 

can be used along with DL (deep learning) models 

in case of SHM and IoT as well as cloud computing 

can help.  

IoT helps in monitoring in real time for early age 

compressive strength of concrete (Dane Miller et, al, 

2023), or to find cracks inside concrete structure; 

concrete crack width; corrosion of steel reinforced 

steel bars. location of crack and its width for various 

structures; damage due to cracks and loosening of 

bolts; fatigue crack detection etc. (Mayank Mishra et 

al, 2022). As per (Fatheali A. Shilar, et al, 2024) 

sensor-based study in concrete will help to 

understand concrete. 

 

B. SHM process 

SHM process has many steps as shown in fig 2.  

 
Fig 2: SHM process source: Fatheali A. Shilar et al, 

2024   

 

C. Components of SHM 

As per (Vinamra Bhushan Sharma et al, 2021) SHM, 

IoT as well as cloud computing will result in 

sophisticated data diagnosis and cloud platform will 

act as storage as well as used for intelligent 

monitoring device on SHM system. Here real time 

health status can be communicated to internet server 

and captured as well as saved data on server will be 

viewed as well as interpreted by ML remotely from 

mobile device. As per (Imad Jawhar, et al, 2018) 

cloud will help many advanced services in case of 

distributed application which need real time, low 

latency, mobility, data streaming, coordination, 

synchronization, and interaction support services 

due to transmission delay which are imposed due to 

large distance to be covered and it will be difficult 

for cloud to manage large number of heterogenous 

sensors, and actuator and other devices which are 

distributed to large area. Fog computing will give 

more localized, and low latency and mobility service 

and permit to move some functionalities from cloud 

closer to device. 

As IoT can be used for SHM hence it will include 

Wireless sensor network (WSN) (Vinamra Bhushan 

Sharma et al, 2021) also as per (Adam B. Noel et al, 

2017) WSN will be powerful as well as low cost 

platform to connect large network of sensors which 

can be used in SHM also as there will be distributed 

throughout structure for assessing structure health. 

Hence WSN as well as sensors are considered in 

detail. 

 

D. WSN (Wireless sensor network) 

WSN is collection of devices which communicate 

through wireless channels and WSN includes 

distributed devices with sensors which can monitor 

environmental and physical condition (Suryateja 

Pericherla,  2024). As per (Adam B. Noel et al, 

2017) during WSN for SHM sensors will be 

deployed at various locations throughout structure 

and collect information regarding surrounding like 

accelration, load, ambient vibration, stress at 

sampling frequencies upwards of 100 Hz (Adam B. 

Noel et al, 2017).  

As per (Shivamkumar, 2024) generalized WSN 

architecture will have sensor node with onboard 

processor which will among and monitor 

environment in specific area and this node is 

connected to Base station that will act as processing 

unit in WSN system. Then base station in WSN 

system will be connected by Internet to share data 

and WSN may be used for processing, storage, 

analysis, and mining of data. As per (Víctor Sámano-

Ortega, et al, 2024) in case of IoT based WSN three 

layers will be there i.e. PL (preparation layer); NL 

(network layer); and AL (application layer). Here PL 

has wireless nodes (WSn) that read information 

from their work environment and share information 

through common wireless network i.e. WSN. NL 

holds routing devices and internet network for 

transmitting collected information from PL to cloud. 

Then AL will organize, analyse and display recorded 

https://www.startertutorials.com/blog/author/teja
https://www.startertutorials.com/blog/author/teja
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data by using cloud services, thus data will be 

understood by end users (Víctor Sámano-Ortega, et 

al, 2024).  

WSN has many topologies like Bus topology; star 

topology; tree topology; Ring topology; mesh 

topology and hybrid topology. In case of mesh 

topology nodes will be connected with each other 

and form mesh like structure and data will travel 

through multiple paths from one node to other till it 

reaches to destination (Shivamkumar, 2024). In this 

study to scale up system this topology can help.  

WSN can be five types as per (Kingsley Eghonghon 

Ukhurebor, et al, 2020), these include: WPAN 

(wireless personal area network); WLAN (wireless 

local area network); WMAN (wireless metropolitan 

area network); WWAN (wireless wide area 

network); WGAN (wireless global area network) 

(Kingsley Eghonghon Ukhurebor, et al, 2020).  

WSN uses many wireless standards (wikipediaa, 

2024) i.e., IEEE standard 802.15.4  (wikipediab, 

2024); Thread (wikipediac, 2024); Zigbee  

(wikipediad, 2024));  Xbee (also known as Digi 

XBee (wikipediae, 2024)); WiFi direct (wikipediaf, 

2024)); Z wave (Wikipediag, 2024)); MiWi 

(Wikipediah, 2024)); WirelessHART (Wikipediai, 

2024)); 6LoWPAN (Wikipediaj, 2024));  BLE 

(wikipediak, 2024)); LoRa (Long Range) 

(Wikipedial, 2024)). 

WSN uses many operating system (OS) i.e. TinyOS 

(Wikipediak, 2024); OpenWSN (Wikipedial 2024)); 

LiteOS (Wikipediam 2024)); Contki (wikipedian 

2024)); RIOT  (Wikipediao, 2024)). 

WSN can have many applications like logistics 

system to real time monitoring of different 

parameters and handle packages; used by robots for 

cooperation and combat main problem; in SHM 

(Dionisis Kandris, 2022). 

WSN has many advantages like low cost; wireless 

communication; energy efficiency; scalability and 

real time monitoring. But faces many challenges i.e. 

limited power and energy; processing and storage 

capabilities; installation; has heterogeneity; problem 

of security; interference; and reliability 

(Shivamkumar, 2024).   

 

E. Sensors 

Sensors will be used for measuring various 

parameters which are relevant in SHM. Also, when 

SHM will be used for concrete structure than various 

important parameters can be monitored include:  

• Stress: material will have stress due to force and 

this stress include: tensile, compressive and 

shear stress. Over stressing in members can 

affect structural performance and safety of 

members. These effects include: structural 

failure, cracking, reinforcement yielding, 

deflection, reduced service life etc. For real time 

monitoring sensors can include: Fiber optic 

sensors (Article by FPrimeC solution, 2020). 

• Strain: is deformation of concrete as well as 

steel under stress and as per  (Forough Farhadi, 

2024) in case of SHM strain gauge can be used 

for capturing stress-strain relationship within 

materials. Many sensors can be used for strain 

measuring i.e. Fiber optic sensors, Load cell, 

Strain gauge (Article by FPrimeC solution, 

2020, Ni solution, 2024, Adam B. Noel et al 

2017). 

• Humidity: as per (Shima Taheri, 2019) 

continuous presence of water and moisture can 

accelerate corrosion and reduce resistance of 

concrete (Shima Taheri, 2019). It is also noted 

that low humidity results in faster evaporation 

from surface of fresh concrete and result in 

surface cracking and thus reduce strength. Very 

high humidity can result in delayed setting time 

and difficulty in finishing. Thus, ambient 

humidity level will be 50-70%.  There are many 

sensors which can be used i.e.:  CMOS 

humidity sensor uses passive wireless humidity 

senor, and UHF (Ultra high frequency) RFID 

technology for low power application 

(Shuangxi Zhou et al, 2016). 

• Temperature: concrete curing is hydration 

reaction also as variation in temperature can 

disturbed curing process which leads to drying, 

cracking, shrinkage as well as thermal stress 

and then loss of integrity as well as durability 

(Shima Taheri, 2019). High temperature (above 

300C) though accelerate strength gain initially 

but has risk of excessive evaporation of 

moisture and hence surface cracking thus 

reduces ultimate strength of concrete. Low 

temperature (below 100C) will result in delayed 

strength gain and also may have risk of freezing. 

Hence ambient temperature for curing will be 

10o-30oC. There are many sensors which can be 

used i.e.: Fiber optic sensors, Temperature 

sensor (Article by FPrimeC solution, 2020). 

• Crack: Crack in case of concrete will impact its 

strength as well as durability.  Cracks can be 

measured by many sensors i.e.: LVDT, Crack 

sensors (for crack width), Fiber optical crack 

detection system for crack detection and 

localization (Arvid Hejill, 2007). 
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• Vibration: it will have both effects i.e. 

beneficial (improved compaction, reduced 

segregation, improved strength etc.) and 

negative effect (crack, formation of voids, 

delamination, aggregate movement etc.). There 

are many sensors used to measure it i.e.: Fiber 

optic sensors, Piezoelectric accelerometer 

(Article by FPrimeC solution, 2020).  

• Corrosion: concrete properties degradation can 

results because of combination of internal and 

external factors and thus results in corrosion of 

reinforcing steel and other embedded materials. 

Here rust will be byproduct of corrosion and 

oxidation of reinforcing steel which leads to 

expansion and then tensile stress will be 

developed in concrete (Shima Taheri (2019). 

There are many sensors which can be used i.e.: 

MicaZ mote (Guofu Qiao, et al, 2014); and 

corrosion wafer (Adam B. Noel et al, 2017). 
 

III. CONCLUSION: 
 

As global construction market is growing and 

concrete elements plays important role. Precast 

industry can use many high technologies like BIM, 

AR and VR; Data accusation RFID, barcode, GPS, 

image recognition, CCTV; Data integration cloud 

computing; and during decision making AI, 

simulation etc. SHM is based on NDT and uses 

sensors for collecting data in real time to find 

weakness or issue in structure for taking informed 

decisions.  IoT based SHM is possible which has two 

main components i.e. WSN and sensors. Also, SHM 

can help to real time monitoring of compressive 

strength of concrete (in Lab and at site), plastic 

shrinkage cracks, crack inside concrete structure, 

corrosion of steel, material tracking for precast 

construction project, monitor personals on 

construction site etc. in case of concrete project.  

This shows that SHM can play important role in 

concrete construction works and in future there is 

need to develop a system which can be used to 

monitor real time properties of concrete and steel 

properties.  
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