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ABSTRACT  
Structural Health Monitoring (SHM) aims to give a 

‘diagnosis’ of the state of the constituent materials, 

different parts and of the full assembly, constituting the 

structure as a whole. It is a new and improved way to 

make a Non-Destructive Evaluation. It involves the 

integration of sensors, smart materials, data 

transmission, computational power and processing 

ability inside the structures, thus making it possible to 

reconsider the design of the structure and the full 

management of the structure. Structural health 

monitoring techniques are based on the changes in the 

dynamic characteristics and is has been studied for the 

past three decades. When the damage is substantial, 

these methods have some success in determining if the 

damage has occurred. However, at  the incipient stage of 

damages the existing methods are not as successful. A 

number of  research projects have been funded to 

improve the damage detection methods including the use 

of innovative signal processing, new sensors, and control 

theory. This paper provides an extensive literature 

review on the work contributing to the structural health 

monitoring (SHM) systems. The focus of this review is on 

identifying the SHM research efforts that include 

damage detection, structural capacity evaluation, and 

estimates on the remaining service life  of the structures. 
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I. INTRODUCTION 

There are various approaches for addressing the problem of 

health monitoring and damage detection in structures, it 

includes: 

1. Detecting the existence of damage on the structure. 

2. Locating the damage 

3. Identifying the type of damage 

4. Quantifying the severity of the damage 

  

The basic principle utilized in this is that any defect changes 

certain characteristics and hence the response of the 

structure. Researchers have proposed several techniques 

based on different kinds of structural characteristics and 

responses. These methods can be broadly classified into the 

following categories: 

(i).Global techniques (ii).Local techniques 

Structural health monitoring (SHM) has gained a significant 

amount of attention from the engineering community 

already and it integrates the knowledge of a variety of 

disciplines including structural engineering, material 

science, computer science, signal processing and data 

management. The main purpose for developing an SHM 

system is aimed at facilitating routine inspections and 

maintenance activities of the target engineering structures. 

The fundamental axioms used in SHM are as follows: 

1) All materials have inherent flaws. 

2) The assessment of damage requires a comparison 

between two different stages. 

3) Identifying the existence and location of damage can be 

done in an unsupervised learning mode, but identifying 

the type of damage present and the damage severity can 

only be done in a supervised mode. 

4) Sensors cannot measure damage. Feature extraction 

through signal processing and statistical classification is 
necessary to convert sensor data into damage 

information. 

5) Without intelligent feature extraction, more sensitive a 

measurement is to damage, the more sensitive it is to 

changing operational and environmental conditions. 

6) The length and time scales associated with damage 

initiation portray the required sensing system to be used 

for SHM. 

7) There is a trade-off between the sensitivity to damage in 

an algorithm and its noise rejection capability. 

8) The size of damage that can be detected from changes 

in system dynamics is inversely proportional to the 

frequency range of the excitation in the structure. 

 

II. LITERATURE REVIEW 

A significant amount of research work has been done in the 

field of structural health monitoring; some of them are as 

follow:  

The paper “Fatigue reliability and service life prediction of 

aluminium naval ship details based on monitoring data”  
presents an approach for using structural health monitoring 

data in the fatigue reliability analysis and service life 

prediction of aluminium naval vessels. Fatigue leading to 

damage is one of the main concerns in the naval ships. It 

occurs at different locations of the ship structure where 

stress concentrations exist. Fluctuations of stress levels 

during regular ship operations may cause cracks at these 

locations. In this context, structural health monitoring is an 

important tool for the reduction of uncertainties providing 

information on the real time structural response. For the 

fatigue studies, SHM data can be used for calculating the 

fluctuating stress levels. This could be theoretically 

performed through a comprehensive finite element analysis 

coupled with spectral analysis of the actual ship properties.  

On a concluding note, in this paper fatigue assessment of 

aluminium high speed naval vessels with respect to 

individual operational conditions has been performed. An 

approach for the reliability based fatigue assessment and life 

estimation has been proposed. Operational data of the ship, 
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in terms of the time spent at each operational condition were 

used in conjunction with the sea trial SHM data to predict 

the long term fatigue reliability of ship details. 

 

In the paper, “Structural health monitoring systems as a tool 
for seismic protection” by  C.Rainieri et.al. a review of some 

sample cases worldwide relating to the implementation of an 

integrated SHM system covering several structures has been 

analyzed. Importantly, an effective structural health 

monitoring system has been designed based on the 

integration of several sensors and hardware components in a 

modular architecture. A lot of algorithms have been 

proposed on the basis of different mechanical and physical 

principles which can be classified as follows:  

 

1). Techniques called the modal based algorithms which 

aims at tracking changes in structural response directly or 

indirectly relating to the mechanical characteristics of the 

structure before and after damage. 

 

2.) The second technique is based on the post processing of 

measurement data to detect the anomalies in measurements. 

 

The remaining papers introduce the research outcomes on 

the monitoring of hydraulic and geotechnical structures. The 

paper “Effects of outlets on cracking risk and integral 
stability of super-high arch dams” by P. Lin et al. presents 
the outlet cracking in the Goupitan and Xiaowan arch dams 

by use of the nonlinear finite element method.  

 

The paper “Real-time safety risk assessment based on a real-

time location system for hydropower construction sites” by 
H. Jiang et al. devises a method of  safety risk assessment 

for the hydropower construction. 

 

The paper “Ant colony optimization analysis on overall 
stability of high arch dam basis of field monitoring” by P. 
Lin et al. works on the optimization analysis of the overall 

stability of high arch dam on complicated foundations.  

 

The paper “Displacement back analysis for a high slope of 

the Dagangshan hydroelectric power station based on BP 

neural network and particle swarm optimization” by Z. 
Liang et al. presents a displacement analysis of the slope 

using an artificial neural network model and particle 

optimization model.  

The paper “Uplifting behaviour of shallow buried pipe in 

liquefiable soil by dynamic centrifuge test” by B. Huang et 
al. carries out the dynamic centrifuge model test to 

investigate the uplifting behaviour of the shallow buried 

pipeline subjected to seismic vibration in the liquefied site. 

 

 

III. CONCLUSION 
 

Structural health monitoring as a whole gives a lots of 

significant information regarding the safety and 

sustainability of structures but there is a major need to 

improve and further research for establishing more effective 

and advance techniques for its revolutionary implementation 

and its contribution towards making our world a better place 

to live in. 
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