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Damage Detection in Structure using natural frequency
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ABSTRACT

Steel, Power and construction are the indispensable industries for progressive
economic and social development. For maintenance purpose are inspected on
regular basis. The main point is to examine and is useful for the detection of surface
damages cracks, concrete spalling in the structure, corrosion of steel members, and
incomplete failure components, they can be particularly limited at detecting
embedded and minor damage, For example fatigue cracks in the structure, corrosion
of reinforcement, and delamination. Today in the arena of the globalization, the
concept of detection of damages based on dynamic measurement of structures is
critical in focusing on the power of the modern city. It is based on changes in
natural frequencies, flexibility and modal curvatures. However, the damage
influence for each mode shape was studied based on combined modal. The
frequency measurements before and after damage to locate the damage and estimate
its severity in shear buildings. The changes induced by damage in the dynamic
response are exploited to build a procedure for damage detection based on the
variation of natural frequencies; both for continuous and discrete models of beams
affected by concentrated damages are able to extract the relevant information from
each mode shape. Some applications of the technique proposed are outlined their
capacity to detect and localize damage will be analyzed in different cases. The
method is further evaluated by vibration tests of two frame models. Shear in
buildings, damage severity and locations can be accurately inferred using the
present method. Structural health monitoring systems to replace conventional non-
destructive inspection techniques, which require considerable downtime, human
effort and cost. Vibration based damage detection, is the most promising techniques
for implementation in Structural Health Monitoring (SHM).

Keywords: Damage Indicator, Modal Analysis, Cantilever Beam Damage
Detection; Sensitivity Analysis, Frame Structure, and Modal Sensitivity.

the structure. Early detection of cracks ensures the

I. INTRODUCTION safety and durability of the structure. Damage to

buildings is conventionally divided into two classes:

In history, the destruction of the building structure is Large cracks that cause massive damage to the

the most destructive threat. Many factors combine structure. Small cracks in the building are caused by

great importance to the study of damaged cracks in natural disasters. Well-proven damage mechanisms
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are that damage in a building is subject to all levels of
damage up to complete collapse. Some easy and
expedient classification of the damage in structure is
due to the cradles, which induces chemical attack,
fire. Static and dynamic pressures of malicious
damage in the structure are overloaded. The damage
investigation and development for re-habitation of
structure and prevention of damage in future. Small
cracks in the building are caused by natural disasters
Structural damage consists of loads that are convinced
of the structural components and the gravity of the
loading system. Such systems are also beams, columns,
load-bearing walls, and wall panels. Carriers are
prone to damage due to aging, environmental stress,

fatigue, and excessive stress.

II. LITERATURE REVIEW

H.-P. Chen and Y.-Q. Ni (2018) [1] discussed the

structural health monitoring system technique.

Damage and redundancy effects on structural
reliability. The chapter below discusses structural
damage detection utilising a minimal rank update
theory and the selection of a SHM monitoring system.
Damage in the structure is caused due to the cracks,
vibrations, earthquake and other ways. Some of the
Advantage where ANN success-fully used in SHM is
dependent on the machine learning Algorithm.
Typically, = machine-learning  algorithms  are
implemented to identify the costs of structural
anomalies from monitoring data. They are used to
support the “structure adequacy purpose”. Monitoring
the structural health of an automated monitoring
system is a technique of analysing its operational
health,

maintenance. It consists of sensing network, analysis

and it is a cost-effective strategy for
and damage assessment. Some of the application of
Structural Health monitoring is still an advancement
in various field of civil engineering Further work is
needed to ensure the structure for the emerging

technology. For the development of the structural

surveillance system and the system's formwork
strategy. Some of the problems and benefits of
structural health surveillance in larger civil structures

and the additional research required are discussed.

S. Chesné, A. Deraemaeker, 2013 [2] discusses damage
detection, its location and classification system, which
is widely accepted by the damage detection and SHM
community and attempt to autonomously detect and
locate damage to large civilian structures. In it, the
author discussed the signal processing of the VBSHM
system to identify localized damage and structure
severity. The author explains how signal processing
may be used to find structural deterioration and
repair it. It is primarily concerned with civil
engineering and the most recent developments in
signal processing technology. The transfer function
for damage detection and localization was described
in this article. The author also covers the dispersive
system, as well as how the mass-spring system came

to be.

Vibration-based health monitoring of smart structures
has been discussed by J.P. Amezquita-Sanchez and H.
Adeli in 2016 [3]. Vibration-based damage status for
non-destructive system logging and analysis. In the
time area, frequency and pattern areas in the
structure in order to detect changes that indicate
damage to the structure. The author discussed the
uses of the vibration-based monitoring system. In the
dynamic surveillance system, whose structural
behavior is influenced by its constituent material.
Discussed in this author on the analytical behavior of
the modal behavior can reveal the structural faults. It
is widely used for tracking a range of characteristics
with the identification of local and global structural
faults. This method is widely used and several studies
have been used to structurally identify it from
vibration data. The work focuses on the structural

design and performance of this system. Numerical and
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experimental analyzes were used in the research and

the method was presented.

Structure vibration analysis based on natural

frequency shifts has been proposed by K. He and W.D.

Zhu (2011) [11] as a tool for detecting structural

deterioration. Compared to traditional non-
destructive testing for diverse structural problems, a
vibration-based damage detection approach alters the
structure's inherent frequencies to identify damage.
Vibration-based damage detection is utilised in civil
engineering to build realistic models and structures
for damage detection. In the new methodology, the
overall convergence of the algorithm can be
guaranteed under a particular system of equations
dealing with damage detection problems. A digital
simulation may be used to determine the specific site
and extent of damage, whereas experimental damage
detection can identify the exact location of damage.
The use of finite element models in civil, mechanical,
electrical, and other engineering domains to detect

structural degradation is on the rise.

C.R. Farrar and colleagues, 2001 [23] conducts an

analysis and employs vibration-based structural
simulation. An extensive investigation of vibration-
based damage detection technologies is discussed,
More

complicated structures are being studied for their

utilised, and tracked in this chapter.

vibration and transient thermal characteristics.
Therefore, it is necessary to analyze various types of
vibrations (bending, torsion, types of longitudinal
vibrations, etc.). Worldwide, vibration-based damage
detection relies on changing vibration properties to
monitor changes in the structure. To this end,
developments are being carried out in the field of
structural health supervision. Vibration-based damage
detection is a primary tool that can be used to

monitor the structure.

R.T. Wu, M.R. Jahanshahi, 2018 [5] analyzes data for
structure monitoring and system identification: past,
present and future, structure monitoring, which
includes observation and can be analyzed using
periodically recorded reaction measurements. Using
the collected data, a structural health and target
monitoring assessment can be performed. The SHM
data fusion system is described in detail in this article.
To ensure the long-term viability of structures, it is
essential to keep an eye on structural degradation.
The health, usefulness, and security of a building may
be determined via successful monitoring. The
building condition monitoring system can accurately
forecast damage detection. Numerous methods for
detecting and monitoring structural damage or any
other sort of damage have been developed throughout

the years.

Doebling et al, in 1998 [6] explored the techniques of

vibration-based damage identification and its
application, and extensively used damage detection
algorithms for the kind of construction. The author
also covered the analysis to create characteristics that
can be used to anticipate the severity as harm to the
structure to generate features that can be applied.
Detection of damage using vibrations that are both
precise and accurate. According to the author,
damage detection research in recent decades has been
centred on vibration, and the goal is to integrate
modal data such natural frequency and natural
frequency. According to the various criteria, the level
of damage detection and methods can also be
described. In general terms the difficulty with the
implementation on the past present and future and

the critical issue for future research.

According to Yan et al., 2005 [15], the fluctuation in

temperature produces a change in vibration
characteristics, which may be used to accurately
determine the presence of structural damage in a

variety of environments. Yan et al. conclude that a

230

International Journal of Scientific Research in Civil Engineering (www.ijsrce.com)



Sweta Verma et al. Int J Sci Res Civil Engg. March-April-2022, 6 (2) : 223-227

precise judgement can be made based on this
information. Structural design and the ability to
evaluate the structure's volubility. Vibration-based
structural health monitoring systems have a major
issue in obtaining the most sensitive damage to the
structure because of the dynamic response. Vibration
features in a structure can damage the structure is due
to the environmental effect this can be eliminated by
structural health monitoring process in case of long
term monitoring .in this author concern about the
extension of the method in case of non-linear cases

and encountered the large complex structures.

To locate fractures in beam structures R. Y. Liang,
1991 [45] used natural frequency measurements. In
the author's perspective, the analytical category
contains the modal frequencies, the Eigen-mode
change, and the flexibility coefficient. The methods
used such as stiffness, mass, damping, detection of
non-linear reactions and detection of damage by the
neural network can also be summarized. Civil
engineering structural damage detection techniques
include bridges, multi-storey buildings and various
infrastructures. Model-based damage 1is directly
related to structure, such as B. stiffness, which may be
directly related to change in the presence of structural
damage. For measuring the natural frequency of the
structure, a method of detecting the position of the
crack and quantifying the extent of damage in a
condition that is simply supported or unsupported.
The characteristic equation may be solved using the
stiffness (k) at various natural frequencies for a
particular natural frequency and damage location.
Vibration-based crack detection technology has

recently been intensively studied.

K. Worden and J. M. Dulieu-Barton, 2004 [51]

discusses the overview of intelligent fault detection in

systems and structures”, Structural Health Monitoring.

Damage assessment is related to all engineering

disciplines, there are four keys to monitoring and

evaluating damage: structural monitoring, condition
monitoring, non-destructive evaluation and statistical
process control. Non-destructive testing is performed
offline after damage has been located using online
sensors. Data processing should be determined by an
optimal aggregation. The strategy for implementing
the repair or replacement process. The current state of

technology does not meet all of a person’s needs.

III. METHODS AND MATERIAL

Many studies have shown that contemporary
vibration-based technologies, developed over the last
two decades and utilised to identify structural
degradation, are effective. A complete study of the
different VBDD method which anticipate different

parameter of a structure to recognize the damage are:

1) Fundamental model
2) Local diagnostic method
3) Non Probabilistic methodology

4) Time series method

These are the different method to identify the damage.
Any type of structural defect reduces stiffness and
modifies the damaged damping area. This variation of
the

frequencies and the moderation of vibration modes in

dynamic properties diminishes the mnatural

the structure. The above possessions is used to detect

and specify the damage to the structure.

A methodology for the detection of structural damage
based on the identification of non-linear systems. NNs
can detect changes in a physical system in comparison
to its intact state. Spectral analysis is another method
for detecting non-destructive damage. Structural FRFs
for parameter extraction may be quickly and
accurately obtained using this technology. After then,
the parameters are compared to the original values to

see whether the structural integrity has changed.
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However, spectral analysis is able to locate the exact
region of damage, but it does not indicate what kind

of damage occurred.

IV. RESULT

A vibration damage detection system that has been
experimentally validated has been developed to
predict the location and seriousness of damage in
composite structures. The analyses of system and
categorizes the heat and vibration analysis properties.
To generate damage scenarios for ANN training,
various models based on numerical analysis of
structures with  various

composite types of

imperfections were used.

V. CONCLUSION

Monitoring for structural degradation is critical to
ensuring that civil structures continue to function
properly for as long as possible. Successful monitoring
provides us with precise data on the state, usability,
integrity, and safety of buildings and other
construction-related infrastructure. Monitoring the
development and spread of damage is critical to
ensuring the long-term viability of a building. There
are several natural and man-made variables that
might lead to structural damage. In order to offer
effective early warning of structural deterioration or
other anomaly, several monitoring and detecting

methods have been devised.

VI. REFERENCES

[1]. HP. Chen, Y.Q. Ni,

Monitoring  of

Health

Engineering

“Structural
Civil
Structures”, John Wiley & Sons, Ltd, Chichester,
UK, 2018, https://doi.org/10.  1002/9781
119166641.

Large

[2]. S. Chesné, A. Deraemaeker, “Damage localization

using transmissibility functions: a critical
review”, Mech. Syst. Signal Process. 38 (2) (2013)
569-584,
https://doi.org/10.1016/j.ymssp.2013.01.020.

H. Adeli,

processing techniques for vibration-based health

[3]. J.P. Amezquita-Sanchez, “Signal
monitoring of smart structures”, Arch. Comput.
Methods Eng.(2016),
https://doi.org/10.1007/s11831-014-9135-7.

[4]. V. Meruane, W. Heylen, “An hybrid real genetic
algorithm to detect structural damage using
modal properties”, Mech. Syst. Signal Process. 25
(5) (2011), 1559-1573,
https://doi.org/10.1016/j.ymssp.2010.11.020.

[5]. RT. Wu, M.R. Jahanshahi,

approaches for structural health monitoring and

“Data fusion
system identification: past, present, and future”,
Struct. Heal . Monit. (2018),
https://doi.org/10.1177/1475921 718798769.

[6]. S.W. Doebling, C.R. Farrar, M.B. Prime, “Ass
summary review of vibration-based damage
identification methods”, Shock Vib. Dig. (1998),
https://doi.org/ 10.1177/058310249803000201.

[7]. E. Cosenza, G. Manfredi, “Damage indices and
damage measures”, Prog. Struct. Eng. Mater.
(2000), https://doi.org/10.1002/(sici)1528-
2716(200001/03)2:1<50::aid-pse7>3.3.c0;2-j.

[8]. D.M. Frangopol, ]J.P. Curley, “Effects of damage
and redundancy on structural reliability”, J.
Struct. (1987),

https://doi.org/10.1061/(ASCE)0733-9445

(1987)113:7(1533).

[9]. M. Kaouk, D.C. Zimmerman, “Structural damage

Eng.

assessment using a generalized minimum rank
perturbation theory”, AIAA ]J. (1994),
https://doi.org/10.2514/3.12061.

[10].D.C. Zimmerman, M. Kaouk, “Structural damage
detection using a minimum rank update theory”,
J.  Vib. Acoust. Trans. ASME. (1994),

International Journal of Scientific Research in Civil Engineering (www.ijsrce.com)

https://doi.org/10.1115/1.2930416.



Sweta Verma et al. Int J Sci Res Civil Engg. March-April-2022, 6 (2) : 223-227

[11].K. He, W.D. Zhu, “Structural damage detection
using changes in natural frequencies: theory and
applications”, in, J. Phys. Conf. Ser. (2011),
https://doi.org/10.1088/1742-6596/305/1/012054.

[12].C.R. Farrar, K. Worden, “An Introduction to
Structural Health Monitoring”, 2007,
https://doi.org/10.1098/ rsta.2006.1928.

Cite this article as :

Sweta Verma, Pradeep Kumar, Novel Kumar Sahu,
"Damage Detection in Structure using natural
frequency", International Journal of Scientific
Research in Civil Engineering (IJSRCE), ISSN : 2456-
6667, Volume 6 Issue 2, pp. 228-233, March-April
2022.

URL : https://ijsrce.com/IJSRCE226225

International Journal of Scientific Research in Civil Engineering (www.ijsrce.com)



