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Abstract

Although some researchers indicated that the rotation response of the structure is a proper index
to identify the damage location, Wavelet Transform (WT) of rotation response of the bridge is not
yet used to detect the damage location in the previous studies. In this regard, a numerical model of
a truss bridge was developed using finite element method. The static response of the model under
one point-load and a six-axle locomotive was calculated. The response obtained from the model
was compared with that of the literature to investigate the validity of the model developed in this
study. The WT coefficients of horizontal, vertical and rotation responses of each member of the
bridge were obtained based on the Gaus2 wavelet basis function. Several damage scenarios were
considered for the bridge to investigate the effectiveness of WT of rotation response of the bridge
to detect the damage location. The obtained results show that the WT of horizontal displacement
is not a proper index to detect the damage in the bridge members. A Comparison between WT
coefficients of vertical displacement and rotation for all members indicates that the rotation
response is a proper index to identify the damage and loading locations. In some cases, while the
damage causes a significant jump on the WT coefficients of rotations of the members, the WT
coefficients of vertical displacement of these members are not influenced by the damage.
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1. Introduction

Structural health monitoring and damage detection are known as the most important areas in the
repair and maintenance of the strategic structures such as bridge, tunnel and dam (Rezaifar and
Doostmohammadi, 2016; Martinez et al., 2019; Moreu et al. 2017; Khajehdezfuly et al., 2023,
Labibzadeh et al., 2022; Labibzadeh et al., 2019). In this regard, several methods have been
developed in the literature to detect the damage location in these types of structures. The methods
detect the damage location in the structures based on the different parameters such as natural
frequencies, mode shapes or vibration responses of the structures (Sadeghi and Fathali, 2007,
Tiboni etal., 2022; Rizzo and Enshaeian, 2022; Huang et al., 2020; Sadeghi and Hashemi Rezvani,
2013). According to the literature, the Wavelet Transform (WT) is a useful approach to detect the
damage location in the structures. For instance, Hou et al. detected the damage location by the
wavelet transform of noisy response of the one degree of freedom structure (Hou et al., 2013).
Some researchers applied Continuous Wavelet Transform (CWT) on the mode shapes of the beams
to find the damage location (Miao et al., 2020; Janeliukstis et al., 2017). It should be noted that the
bridge is usually subjected to the moving loads and the WT approach is implemented on the
dynamic response of the bridge. Moreover, it is not easy to measure the pseudo-static rotational
responses under moving loads in practice. In fact, the time history of the response of the bridges
and beams were usually measured in the previous studies. However, a review of the literature
shows that the image processing approach is a practical method to measure the static and dynamic
responses (deflection and rotation) of the beams and bridges under stationary and moving loads,
respectively (Ma et al., 2021; Silva et al., 2014; Andreausa et al., 2017 and Silva et al., 2012).
Accordingly, in several previous experimental studies, some researchers measured the static
response of the damaged structure using the image processing approach in the laboratory and then
adopted the WT approach to detect the damage location respectively (Ma et al., 2021; Silva et al.,
2014; Andreausa et al., 2017; Silva et al., 2012). For instance, Ovanesova and Suarez used WT of
static and dynamic responses of the beams and frames to detect the damage location (Ovanesova
and Suarez, 2004). They indicated that the type of wavelet function has a significant effect on the
results obtained from the WT. Douka et al., applied CWT on the mode shapes of a cantilever beam
to find the damage magnitude and its location (Douka et al., 2003). Several researchers detected
the damage location on the plates and beams using CWT of plate response and mode shapes
(Kumar and Singh, 2021; Khiem et al., 2021). Sun and Chang used WT technique in conjunction
with neural network to identify the damage location in the structure (Sun and Chang, 2002).

There are many types of bridges around the world and numerous researchers have used WT and
developed several wavelet-based approaches to detect the damage location in the bridge (Silik et
al., 2021; Andreaet al., 2016; Kankanamge et al., 2020). For instance, Taha et al., detected damage
location in the bridge using Discretized Wavelet Transform (DWT) approach in conjunction with
neural network (Taha et al., 2004). Zhong and Oyadiji (Zhong and Oyadiji, 2008) and Barone et
al., (Barone et al., 2008) simulated a bridge as simple beam under static loads and applied WT on
the response of the beam in order to identify the crack location in the bridge. Zhu and Law modeled
a bridge under constant moving loads and used WT of noisy vertical displacement of the bridge



mid-point to detect the location of the damage with high severity (Zhu and Law, 2006). The
accuracy of their approach was significantly decreased when the load enters/leaves the bridge.
Also, when the number of moving loads was increased, the results obtained from their approach
had noisy content (Zhu and Law, 2006). Hester and Gonzalez improved the method developed by
Zhu and Law, 2006 (Hester and Gonzalez, 2011). They modeled a vehicle/bridge interaction model
and used WT of vertical acceleration signal of bridge in order to detect the damage location in the
bridge. In their work, the vehicle axles entering and leaving the bridge generated some high
wavelet coefficients. In fact, their WT approach was not able to detect the damage near the supports
(Hester and Gonzalez, 2011). Cantero and Basu identified the damage location in the bridge using
WT of vertical acceleration of vehicle axles (Cantero and Basu, 2014). Several studies have been
conducted to find the proper wavelet basis functions and scale factor in order to detect the damage
location in the bridge (Serra and Lopez, 2017; Ghanbari Mardasi et al., 2018).

A brief review of the literature indicates that the WT approaches developed in the previous
researches have several limitations. Firstly, most of WT approaches detect the damage with high
severity. Secondly, as the number of vehicle axles loads increases, the accuracy of the results
obtained from the WT approaches decreases. Thirdly, WT approaches are unable to identify the
damage locations near the bridge supports. Although few researchers proved that the rotation
response of the structure is a proper index to identify the damage location (Hester et al., 2020),
WT of rotation response of the bridge is not used to detect the damage location in the previous
studies. A review of the available studies shows that there is a need to assess the effectives of
rotational response of structure on the damage detection using WT approach. The rotational
response of structure is divided into two main categorizes including pseudo-static and dynamic
ones. This research is carried out to identify the damage location in the bridge using WT of pseudo-
static rotation response. In this regard, a numerical model of truss bridge was developed using
finite element method. The response of the model under different patterns of concentrated static
load was obtained. Several damage scenarios were considered for the bridge to investigate the
effectiveness of WT of rotation response of the bridge to identify the damage location.

2. Development of damaged bridge numerical model

In this study, both the excitation and structural response of the bridge are static. In other word, the
static concentrated loads were applied to the bridge and then, the static response of the bridge
components (including horizontal displacement, rotational deflection and vertical displacement)
were calculated through a static analysis. A review of the previous studies shows that the image
processing approach is a practical method to measure the static responses (deflection and rotation)
of the beams and bridges under the static loads (Ma et al., 2021; Silva et al., 2014; Andreausa et
al., 2017; Silva et al., 2012). Accordingly, in several previous experimental studies, some
researchers measured the static response of the damaged structures using image processing
approach in the laboratory and then adopted the WT to detect the damage location (Ma et al., 2021;
Silvaetal., 2014; Andreausa et al., 2017 and Silva et al., 2012). The approach implemented in this
study is same as the method proposed in the literature (Ma et al., 2021; Andreausa et al., 2017). A
truss bridge was modeled in this study using two-dimensional finite element method. A review of
the previous studies shows that when all components of the lower chord of the truss bridge are



subjected to the stationary or moving vertical external loads, the moment, shear and axial internal
forces are induced in them and consequently, they are usually simulated using the frame elements
(Kordi and Mahmoudi, 2022; Wan et al., 2022). As no vertical external force is applied to other
members of the bridge truss, only axial force is induced in them and consequently, they usually
are modeled using truss elements (Kordi and Mahmoudi, 2022; Wan et al., 2022). In this study to
simplify the simulation process of the truss bridge, all members of the truss bridge were modeled
using frame elements. It should be noted that, the internal shear and moment of all members of
truss bridge except those of the lower chord are nearly zero because no vertical external force is
applied to them. A schematic view of the model is presented in Figure 1. Frame element was used
to simulate the model (Figure 2) (Przemieniecki, 1985). Each frame element has two nodes and
each node has three degrees of freedom in the local normal-tangential coordinate system (rotation
about normal axis of plane (8), displacement in normal direction (u) and displacement in tangential
direction (v)).
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Figure 1. Schematic view of truss bridge

The local (normal-tangential) and global coordinate systems of the frame element are shown in
Figure 2. The equilibrium equation of the element e in the local coordinate system is presented
in equation 1 (Przemieniecki, 1985).
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Figure 2. Local and global coordinate system of frame element
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In equation 1, F;, V;, M;, u;, v; and 6; are axial force, shear force, moment, displacement in
tangential (axial) direction, displacement in normal displacement and, rotation about normal axis
for i node of the e element, respectively. Also, [K,]¢xe IS the frame element stiffness matrix
and presented in equation 2.
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In equation 2, A, E, I and L denote cross-section area, modulus of elasticity, second moment of
inertia and, length of the element, respectively. The force and displacement vectors and, stiffness
matrix of the element were converted from local coordinate system to global coordinate system
using transformation matrix (Przemieniecki, 1985). The transformation matrix for each element is
obtained from equation 3. In equation 3, g is the angle between axial element direction and
horizontal direction.
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In order to consider the defect (or damage) at a special location of the bridge component (damaged
component), a crack with depth of d.. is considered at that location (Figure 3). The flexural rigidity
of the element at that location is decreased because of the crack (damaged element). The reduced
flexural rigidity of the damaged element is obtained using equation 4 (Christides and Barr, 1999).
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In equation 4, EI, stands for flexural rigidity of the damaged element, ET is flexural rigidity of
undamaged element, 1. is second moment inertia of the damaged element, h is depth of cross-
section, x, stands for damage location at the component and, x is the length of the component. For
a rectangular cross-section with depth h and width w, I, is derived using equation 5, as follows:
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Figure 3. Crack considered at the component (a) longitudinal section (b) cross section

For instance, Figure 4 shows the effects of three crack depths located at x./l = 0.2 on the variation
of flexural rigidity of a component with length of I. As illustrated in this figure, the flexural rigidity
of the component is reduced by the crack considered at x./l = 0.2 location. The reduction of
flexural rigidity depends on the crack depth.
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Figure 4. Variation of flexural rigidity on the damaged component

The bridge was discretized by the frame elements. The force vectors and stiffness matrices of the
elements in the global coordinate system were assembled to obtain the force vector ({F};) and



stiffness matrix ([Kr]) of the model. The displacement vector ({A};) of the model in global
coordinate system was derived using equation .

{0}y = [Kr]7{F}r (M)

3. Validation of the model

A comparison was made between the results obtained from the model developed in this study and
those of presented in the literature in order to investigate the validation of the model. Mahato and
Harish (Mahato and Harish, 2015) experimentally investigated the responses of the simply
supported and cantilever beams under concentrated load. The bridge model was simplified to
simulate the simply supported and cantilever beams under concentrated load in order to make a
comparison between the results obtained from the simplified model and those measured by Mahato
and Harish, (2015). The simply supported and cantilever beams simulated in this section are shown
in Figure 5.
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Figure 5. Simplified beam model (a) simply supported (b) cantilever

Mahato and Harish, (2015) measured the maximum vertical displacement of the cantilever beam
under different magnitudes of point load located at the mid-span and end-edge locations. Also,
they investigate the maximum vertical displacement of the simply supported beam under mid-span
concentrated load with different magnitudes. Figure 6 presents the results obtained from the
simplified model developed in this study and those measured by Mahato and Harish, (2015). As
illustrated in Figure 6, the difference between the results is negligible.



14

B Simple supported beam - Experimental ®
~~~~~~~~~ Simple supported beam - FEM

@ Cantilever beam - center loaded - Experimental
= = Cantilever beam - center loaded - FEM

¢ Cantilever beam - end loaded - Experimental ¢
Cantilever beam - end loaded - FEM

[
[ &)

ot
=]

Maximum deflection (mm)
®

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Load (kg)

Figure 6. Comparison between the results obtained from present study and previous study

4. Parametric study

The effectiveness of wavelet transform of rotation signal of the bridge on the damage detection of
truss bridge was investigated during the parametric study. In this regard, two scenarios were
considered for the loading of the bridge. In the first scenario, one point-load was applied to the
bridge. In the second scenario, a locomotive was stationed on the bridge. In a real condition,
measurement noises are included in the identification results. However, the results obtained from
the model developed in this study have no noise. A review of the literature shows that in some
cases, before implementation of WT on the responses of the damaged structure measured in the
test, some filtration approaches were used to denoise the measured data (Ma et al., 2021). In this
regard, a pre-filtration process was carried out for denoising the measured response of the structure.
In this study, it was assumed that, the measured response of the bridge was denoised using a pre-
filtration process and accordingly, the WT was implemented on the denoised data in all scenarios.
The details are as follows.

4.1. Bridge under one point-load

The bridge presented in Figure 7 was simulated in this section. As illustrated in this figure, the
truss bridge includes 11 members. The properties of bridge members are presented in Table 1. As
shown in Figure 7, a point load with magnitude of 500 N is applied on the mid-span of 6" member.

Table 1. Properties of bridge members

Properties Magnitude
Young modulus (N /m?) 2 x 1011
Second moment of inertia (m*) 8.33 x 10710
Length (m) 1




Height (m)

Width (m)

According to Figure 7, three damages with different severities are considered at the different
locations of members 4, 7 and 10. Three cracks with depths of 45, 35 and 25% were considered at
members 4, 7 and 10, respectively. The location of the crack at member 4, 7 and 10 was x./l =
0.8, x./l = 0.2 and x./l = 0.8, respectively.
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Figure 7. The bridge model in the first scenario

The bridge was modeled using 50 frame elements. The vertical, horizontal and rotation of each
node were calculated. The undeformed and deformed shapes of the bridge are shown in Figure 8.
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Figure 8. Undeformed and deformed shapes of the bridge in the first scenario
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Figure 9. Wavelet coefficients of members 1 to 6 for first scenario (a) member 1 (b) member 2
(c) member 3 (d) member 4 () member 5 (f) member 6
The wavelet coefficients of horizontal, vertical and rotation of each member of the bridge were
calculated based on the gaus2 wavelet basis function (Figures 9 and 10). As illustrated in Figures
9 and 10, wavelet coefficients of horizontal displacement of all members are not affected by the
damages. In other words, the WT of horizontal displacement is not a proper index to detect the
damage in the bridge members.
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Figure 10. Wavelet coefficients of members 7 to 11 for first scenario (a) member 7 (b) member
8 (c) member 9 (d) member 10 (e) member 11

A Comparison between WT coefficients of vertical displacement and rotation for all members
shows that the rotation response is a proper index to identify the damage and loading locations.
For instance, the damage location on the 4" and 10" members is illustrated as a jump in the WT
coefficient of rotations of these members. However, the WT coefficients of vertical displacements
of 4" and 10" members are constant over the members length and the damage location is not
detected. Also, a significant jump is seen in WT coefficient of rotation response of member 6.
This jump corresponds to the loading location on 6™ member. Moreover, a significant variation is
obvious in the WT coefficient of rotation response of 7" member which corresponds to the damage
location on the member 7. The WT coefficient of vertical displacement of member 7" is not
affected considerably by the damage on the member 7%".

4.2. Bridge under one locomotive

A six-axle locomotive was placed on the bridge simulated in the previous section. As illustrated
in Figure 11, six concentrated loads were applied to members 2 and 6. The magnitude of each load
is 100 N. As shown in Figure 11, three damages with different severity were considered on the 4,
6 and 8" members. Three cracks with depths of 30, 20 and 10% were considered at members 4, 7
and 10, respectively. The location of the crack at member 4, 6 and 8 was x./l = 0.8, x./l = 0.7
and x./l = 0.5, respectively.
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Figure 11. The bridge model in the second scenario

The bridge was modeled using 50 refined frame elements. The vertical, horizontal and rotation of
each node were calculated. The undeformed and deformed shapes of the bridge are shown in Figure
12.
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Figure 12. Undeformed and deformed shapes of the bridge in the second scenario

The wavelet coefficients of horizontal, vertical and rotation of each member of the bridge were
obtained based on the gaus2 wavelet basis function (Figures 13 and 14). The trend of the results
obtained in this section is same as those presented in the previous section. As shown in these
figures, wavelet coefficients of horizontal displacement of all members are not affected by the
damages.
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Figure 13. Wavelet coefficients of members 1 to 6 for second scenario (a) member 1 (b)
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Assessment of the WT coefficients of vertical displacement and rotation for all members presented
in Figures 13 and 14 prove that the rotation response is a proper index to detect the damage and
loading locations. As shown in Figures 13 and 14, three concentrated point loads applied on 2
and 6™ members cause a step change in the WT coefficients of rotations of these members.
However, the WT coefficients of vertical displacement of 21" and 6" members are changed slightly
by the concentrated point loads. While the damage causes a significant jump on the WT
coefficients of rotations of 4™, 6™ and 8" members, the WT coefficients of vertical displacement
of these members are not influenced by the damage.
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Figure 14. Wavelet coefficients of members 7 to 11 for second scenario (a) member 7 (b)
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5. Conclusion

A review of the literature indicates that the rotation response of the structure is a proper index to
identify the damage location. On other hand, the previous studies proved that the Wavelet
Transform (WT) is a robust method to detect the damage location in the structure. However, WT
of pseudo-static rotation response of the bridge is not used to detect the damage location in the
literature. This study is carried out to eliminate this limitation. In this regard, a numerical model
of a truss bridge was developed using finite element method. The members of the bridge were
modeled using frame element. The static response of the model under one point-load and a six-
axle locomotive was obtained. The responses obtained from the model was compared with those
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of open literature to investigate the validity of the responses. The WT coefficients of horizontal,
vertical and rotation of each member of the bridge were obtained based on the gaus2 wavelet basis
function. Several damage scenarios were considered for the bridge to investigate the effectiveness
of WT of rotation response of the bridge to detect the damage location.

The results obtained from the study show whereas the WT of horizontal displacement is not a
proper index to detect the damage in the bridge members, a Comparison between WT coefficients
of vertical displacement and rotation for all members indicates that the rotation response can
properly identify the damage and loading locations. In all cases (one- or three-point loads), while
the damage causes a significant jump on the WT coefficients of rotations of the members, the WT
coefficients of vertical displacement of these members are not influenced by the damage. The
results obtained from this study indicate that the WT of pseudo-static rotation response is very
effective approach to detect the damage location. In practice, image processing approach is used
to measure the pseudo-static rotation response of the structure and then, the WT approach is
implemented on the the pseudo-static rotation response. The time history of rotation response of
the structure is another type of rotation response (dynamic response) of the structure which usually
measured in the tests. The outputs of this study indicate the importance and necessity of
investigation of the effectiveness of WT of time history of rotation response of the structure to
identify the damage location.

It should be noted that the effect of noise measurement on the response of the structure was
neglected in this study. Although this paper was the first one to show that the wavelet
transformation of a rotational signal is a proper index to detect the damage location in the bridge,
the measurement noises were neglected in the approach implemented in this study. The effect of
noise measurement on the dynamic response of structure will be considered in the further study.

References

Andrea, J., Kiremidjian, A., Liao, Y., Georgakis, C. and Rajagopal, R. (2016). “Structural Health
Monitoring approach for detecting ice accretion on bridge cable using the Haar Wavelet Transform
Sensors”, Smart Structures Technologies for Civil, Mechanical, and Aerospace Systems, 9803(2), 1-8.

Andreaus, U., Baragatti, P., Casini, P., and Iacoviello, D. (2017), “Experimental damage evaluation of open
and fatigue cracks of multi-cracked beams by using wavelet transform of static response via image
analysis”, Structural Control Health Monitoring, 24, 1-18.

Barone, G., Marino, F. and Pirrotta, A. (2008). “Low stiffness variation in structural systems: identification
and localization”, Structural Control and Health Monitoring, 15(3): 450-470.

Cantero, D. and Basu, B. (2014). “Railway infrastructure damage detection using wavelet transformed
acceleration response of traversing vehicle”, Structural Control and Health Monitoring, 22(1), 62-70.

Christides, S. and Barr, A.D.S. (1999). “One-dimensional theory of cracked Bernoulli-Euler beams”,
International Journal of Mechanical Science, 26(3), 639-638.

Douka, S., Loutridis, S. and Trochidis, A. (2003). “Crack identification in beams using wavelet analysis”,
International Journal of Solids and Structures, 40(4), 3557-35609.

15



Hester, D., Brownjohn, J., Huseynov, F., Obrien, E., Gonzalez, A. and Casero, M. (2020). “Identifying
damage in a bridge by analysing rotation response to a moving load”, Structure and Infrastructure
Engineering, 16(7), 1050-1065.

Hester, D. and Gonzalez, A. (2011). “A wavelet-based damage detection algorithm based on bridge
acceleration response to a vehicle”, Journal of Mechanical Systems and Signal Processing, 28(4), 145-146.

Hou, Z., Noori, M. and Amand St. R. (2000). “Wavelet-based approach for structural damage detection”,
Journal of Engineering Mechanics, 126(2), 1-18.

Huang, H.B., Yi, T.H., Li, H.N. and Liu, H. (2020). “Strain-Based Performance Warning Method for Bridge
Main Girders under Variable Operating Conditions”, Journal of Bridge Engineering, 25(3), 1-15.

Janeliukstis, R., Rucevskis, S., Wesolowski, M. and Chate, A. (2017). “Damage identification in beam
structure based on thresholded variance of normalized wavelet scalogram”, 3rd International Conference
on Innovative Materials, Structures and Technologies (IMST 2017), Latvia.

Kankanamge, Y., Hu Y. and Shao, X. (2020). “Application of wavelet transform in structural health
monitoring”, Earthquake Engineering and Engineering Vibration, 19(2), 515-532.

Khajehdezfuly, A., Ehsanfard, F. and Labibzadeh, M. (2023). “Effect of fuse damper on cyclic performance
of self-centring bridge pier”, Proceedings of the Institution of Civil Engineers-Bridge Engineering, 176(03),
1-21.

Khiem, N.T., Lien, T.V. and Duc, N.T. (2021). “Crack identification in functionally graded material framed
structures using stationary wavelet transform and neural network”, Journal of Zhejiang University-
SCIENCE A, 22(5), 657-671.

Kordi, A. and Mahmoudi, M. (2022). “Damage detection in truss bridges under moving load using time
history response and members influence line curves”, Civil Engineering Infrastructures Journal, 55(1):
183-194.

Kumar, R. and Singh, S.K. (2021). “Crack detection near the ends of a beam using wavelet transform and
high-resolution beam deflection measurement”, European Journal of Mechanics - A/Solids, 88(3), 13-25.

Labibzadeh, M., Bostan Shirin, F. and Khajehdezfuly, A. (2022). “Improvement of performance of the RC
beams using the longitudinal spiral reinforcements”, International Journal of Structural Integrity, 13(06),
922-950.

Labibzadeh, M., Jamalpour, R, Jing, D.H. and Khajehdezfuly, A. (2019). “A numerical comparison
between spiral transverse RC and CFST columns under loads of varying eccentricities”, Periodica
Polytechnica Civil Engineering, 63(04), 1171-1182.

Ma, Q., Solis, M. and Galvin, P. (2021), “Wavelet analysis of static deflections for multiple damage
identification in beams”, Mechanical Systems and Signal Processing, 107103, 1-15.

Mahato, B. and Harish, H.V. (2015). “Experimental verification of deflection of beam using theoretical and
numerical approach”, International Journal of Advance Research in Engineering, Science & Technology,
2(3): 2394-2444.

Martinez, D., Malekjafarian, A. and Obrien, E. (2019). "Bridge health monitoring using deflection
measurements under random traffic”, Structural Control Health Monitoring, 27(9), 24-42.

Miao, B., Wang, M., Yang, S., Luo, Y. and Yang, C. (2020). “An Optimized Damage Identification Method
of Beam Using Wavelet and Neural Network”, Engineering, 12(3), 748-76.

16



Moreu, F., Kim, R.E., Spencer Jr, B.F. (2017). “Railroad bridge monitoring using wireless smart sensors”,
Structural Control Health Monitoring, 24(2), 34-51.

Ovanesova, A.V. and Suarez, L.E. (2004). “Application of wavelet transforms to damage detection in frame
structures”, Engineering Structures, 26(5), 39-49.

Przemieniecki, J.S. (1985). “Theory of Matrix Structural Analysis”, Dover Publications, NewYork, USA.

Rezaifar, O. and Doostmohammadi, M.R. (2016). “Damage Detection of Axially Loaded Beam: A
Frequency-Based Method”, Civil Engineering Infrastructures Journal, 49(1), 165-172.

Rizzo, P. and Enshaeian, A. (2022). “Challenges in Bridge Health Monitoring: A Review”. Sensors. 21(13),
1-23.

Sadeghi, J. and Fathali, M. (2007). “Deterioration analysis of concrete bridges under inadmissible loads
from the fatigue point of view”, Scientia Iranica, 14(3): 185-192.

Sadeghi, J. and Hashemi Rezvani, F. (2013). “Development of non-destructive method of detecting steel
bars corrosion in bridge decks”, Structural engineering and mechanics: An international journal, 46(5):
615-627.

Serra, R. and Lopez, R. (2017). “Damage detection methodology on beam-like structures based on
combined modal wavelet transform strategy”, Journal of Mechanics and Industry, 18(8), 1-18.

Silik, A., Noori, M., Altabey, W.A., Dang, J., Ghiasi, R., Wu, Z. (2021). “Optimum wavelet selection for
nonparametric analysis toward structural health monitoring for processing big data from sensor network: A
comparative study”, Structural Health Monitoring, 78(3), 1-17.

Silva, R.S.Y.C., Bezerra, L.M., Pena, L.A.P. (2014). “Detecting open cracks insides beams using the BEM
and wavelet transform”, Blucher Mechanical Engineering Proceedings, 1(1), 1-9.

Silva, R.S.Y.C., Bezerra, L.M., and Brito, M.A.N. (2012), “Determination of damages in beams using
wavelet transforms”, Proceedings of the World Congress on Engineering (WCE 2012), London, U.K.

Sun, Z. and Chang, C.C. (2002), “Structural damage assessment based on wavelet packet transform”,
Journal of Structural Engineering, 128(10), 1354-1361.

Taha, M.M.R., Noureldin, O. and EI-Sheimy, A.N. (2004). “Introduction to the use of wavelet
multiresolution analysis for intelligent structural health monitoring”, Canadian Journal of Civil
Engineering, 31(3), 719-731.

Tiboni, M., Remino, C., Bussola, R. and Amici, C. (2022). “A Review on Vibration-Based Condition
Monitoring of Rotating Machinery”, Applied Sciences, 972(12), 1-44.

Wan, P., Lei, X., Wu, W., Hu, Q., Wan, L. and Li, G. (2022). “Simulation analysis of coupled structural
vibration of highway railway combined bridge induced by overlapping action of vehicle and train”,
Geofluids, 2022(1), 1-15.

Zhong, S. and Oyadiji, S.0O. (2008). “Identification of cracks in beams with auxiliary mass spatial probing
by stationary wavelet transform”, ASME Journal of Vibration and Acoustics, 130(2), 1-18.

Zhu, X.Q. and Law, S.S. (2006). “Wavelet-based crack identification of bridge beam from operational
deflection time history”, International Journal of Solids and Structures, 43(3), 2299-2317.

17



