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&OQ=O OwHw xR=U QO |rm |=y?}U; ẁkw u=mt= =yu=tr= Qo}O x@ =yu; p=kDv= w
Q=DWwv QO "CU= C}ty= |=Q=O =yxLiY QO |a[wt |=y?}U; |}=U=vW 'u}=Q@=v@
OwOLt u=tr= Q=Ri=sQv QO ?}U; uwO@ w =@ |=yC}a[w =@ |Oqwi |xLiY 'Q[=L
|W=aDQ= Owt |=ypmW w |a}@] |=yOt=U@ pt=W p=Owt C=aq]= w |R=UpOt

%xm CU= xO=O u=Wv =y|UQQ@ "CU= xOW G=QNDU=
R= ?}U; |=yC}a[w Ot=U@ Q=Okt '�?}U; OwHw p}rOx@� =yOwt |t=tD QO "1

"CU= xOw@ QDtm ?}U; uwO@ C}a[w =@ Q_=vDt Ot=U@ Q=Okt
|Ot=U@ Q}O=kt =@ D2 w D1 ?}U; |=yC}a[w |Ot=U@ Q}O=kt |xU}=kt R= "2
OvJ =} l} uOW xi=[= =@ xm OwW|t XNWt D3 ?}U; C}a[w =@ Q_=vDt
Q}O=kt QO |QDW}@ |Wy=m Q}}eD '|r@k ?}U; C}a[w l} x@ ?}U; C}akwt

"OyO|t MQ Ot=U@

66



1|
xQ=t

W'
39

�2
|xQ

wO'
�14

02
Q=y@

�h
}QW

u=Qt
a|

UOv
yt R= xO=iDU= =@ xmv; p=L w CU}v VN@C}=[Q ?}U; |=yC}akwt |}=U=vW

"Ov=xOW |}=U=vW |DUQOx@ ?}U; hrDNt |=yC}akwt 'DI-L

l} QO |Y}NWD |=yXN=W Q=Owtv QO xOW O=H}= |=y|t_v|@ Q=Okt �G
w CU= xDU@=w ?}U; C}akwt u=ty QO OwHwt CQ=UN Q=Okt x@ ?}U; C}akwt
V}=Ri= ?}U; C}akwt u; QO |t_v|@ |=yxrk `=iDQ= 'CQ=UN Q=Okt V}=Ri= =@

"O@=}|t
|=yC}akwt u=wD|t |OOaDtlHwt `@=wD R= xO=iDU= =@ |O=yvW}B sD} Qwor= j@] �O

"OQm |}=U=vW =yx@r |Q=OQ}o hrDNt \}=QW =@ =Q xLiY QO ?}U;

QO =yV=WDe= w =y|t_v|@ R= |}=yxrk '|Oqwi |xLiY QO u=WQ}_v |O=R;
|=yC}akwt u=wD|t xO=U |UQQ@ l} =@ xm OvwW|t O=H}= ?}U; |=yC}akwt

"OQm |}=U=vW |DUQO x@ =Q ?}U;

|Y}NWD |=yXN=W |=yT} QD=t s}UQD R= pY=L |Q=Owtv G}=Dv |xU}=kt �?
x@ C@Uv DI-L =} |rw] O=ODt= |Y}NWD |=yXN=W xm OyO|t u=Wv
|@ wr]t |}=U=vW OQmrta DI-W =} |[Qa O=ODt= |Y}NWD |=yXN=W
'DI-W R= xO=iDU= =@ OwW|t xOy=Wt swO Owt QO xm |Qw]x@ 'OyO|t x�=Q=

=yCWwv=B
1. Wavelet Transform
2. Katunin
3. Zhong & Oyadji
4. Stationary Wavelet Transform
5. Xu
6. Two-Dimensional Directional Gaussian Wavelets
7. Laser Scanned Operating De
ection Shapes
8. Lee
9. Continuous Relative Wavelet Entropy Method
10. Quincunx
11. Patel
12. Yang & Oyadiji
13. Modal Frequency Surface
14. Concrete-Filled Steel Tube (CFST)
15. Wang
16. Hanteh
17. Ma
18. Sun
19. Continuous Wavelet Transform (CWT)
20. Discrete Wavelet Transform (DWT)
21. Details
22. Approximations
23. Abaqus

�References� `@=vt
1. Zhou, S., Tang, B. and Chen, R. \Comparison between

non-stationary signals fast fourier transform and wavelet
analysis", Intelligent Interaction and A�ective Comput-
ing, International Asia Symposium, IEEE (2009).

2. Katunin, A. \Identi�cation of multiple cracks in com-
posite beams using discrete wavelet transform", Scien-
ti�c Problem of Machines Operation and Maintenance,
45(2), pp. 41-52 (2010).

3. Zhong, S. and Oyadiji, S.O. \Crack detection in simply
supported beams using stationary wavelet transform of
modal data", Structural Control and Health Monitoring,
18(2), pp. 169-190 (2011).

4. Xu, W., Radzienski, M., Ostachowicz, W. and Cao, M.
\Damage detection in plates using two-dimensional di-
rection Gaussian wavelets and laser scanned operating
de
ection shapes", Structural Health Monitoring, 12(5-
6), pp. 457-468 (2013).

5. Lee, S.G., Yun, G.J. and Shang, S. \Reference-free dam-
age detection for truss bridge structures by continu-
ous relative wavelet entropy method", Structural Health
Monitoring, 13(3), pp. 1-14 (2014).

6. Katunin, A. \Stone impact damage identi�cation in
composite plates using modal data and quincunx wavelet
analysis", Archives of Civil and Mechanical Engineering,
15(1), pp. 251-261 (2015).

7. Patel, S.S., Chourasia, A., Panigrahi, S. and et al.
\Damage identi�cation of RC structures using wavelet
transformation", Procedia Engineering, 144, pp. 336-342
(2016).

8. Naderpour, H. and Fakharian, P. \A synthesis of peak
picking method and wavelet packet transform for struc-
tural modal identi�cation", KSCE Journal of Civil En-
gineering, 20(7), pp. 2859-2867 (2016).

9. Fakharian, P. and Naderpour, H. \Damage severity
quanti�cation using wavelet packet transform and peak
picking method", Practice Periodical on Structural De-
sign and Construction, 27(1), p. 04021063 (2022).

10. Abbasnia, R., Mirzaei, B. and Yousefbeik, S, \A two-
step method composed of wavelet transform and model
updating method for multiple damage diagnosis in
beams", Journal of Vibroengineering, 18(3), pp. 1497-
1513 (2016).

11. Yang, C. and Oyadiji, S.O. \Delamination detection in
composite laminate plates using 2D wavelet analysis of
modal frequency surface", Computers & Structures, 179,
pp. 109-126 (2017).

12. Noori, M., Wang, H., Altabeyc, W.A. and et al. \A
modi ed wavelet energy rate-based damage identi�cation
method for steel bridges", Scientia Iranica, 25(6), pp.
3210-3230 (2018).

67



"""R
=xO

=iDU
==@

|O
qwi

|=y
xLi

Y
QO|

@=}?
}a

13. Rezaifar, O., Younesi, A., Gholhaki, M. and et al.
\Debbonding damage detection in concrete �lled tube
columns by experimental modal data", Journal of Struc-
tural and Construction Engineering, 6(4), pp. 93-106
(2018).

14. Younesi, A., Rezaifar, O., Gholhaki, M. and et al. \Struc-
tural health monitoring of a concrete-�lled tube col-
umn", Magazine of Civil Engineering, 85, pp. 136-145
(2019).

15. Younesi, A., Rezaifar, O., Gholhaki, M. and Esfandiari,
A. \Damage detection in concrete �lled tube columns
based on experimental modal data and wavelet tech-
nique", Mechanics of Advanced Composite Structures,
7(2), pp. 245-254 (2020).

16. Younesi, A., Rezaifar, O., Gholhaki, M. and et al. \Ac-
tive interface debonding detection of a concrete �lled
tube (CFT) column by modal parameters and contin-
uous wavelet transform (CWT) technique", Structural
Monitoring and Maintenance, 8(1), pp. 69-90 (2021).

17. Wang, S., Li, J., Luo, H. and et al. \Damage identi�-
cation in underground tunnel structures with wavelet
based residual force vector", Engineering Structures,
178, pp. 506-520 (2019).

18. Mirzaei, B., Nasrollahi, K., Yousefbeik S. and et al. \A
two-step method for damage identi�cation and quanti�-
cation in large trusses via wavelet transform and opti-
mization algorithm", Journal of Rehabilitation in Civil
Engineering, 7(1), pp. 1-20 (2019).

19. Khanahmadi, M., Rezayfar, O. and Gholhaki, M. \Dam-
age detection in steel plates based on comparing analyt-
ical results of the discrete 2-D wavelet transform of pri-
mary and secondary modes shape", Journal of Structural
and Construction Engineering, 8(5), pp. 198-214 (2021).

20. Khanahmadi, M., Rezayfar, O. and Gholhaki, M. \Dam-
age detection of prefabricated walls (panel 3D plates)
based on wavelet transform detection algorithm", Jour-
nal of Structural and Construction Engineering, 8(8),
pp. 289-309 (2021).

21. Khanahmadi, M., Gholhaki, M., Ghasemi-
Ghalehbahman, A. and et al. \Damage detection
in laminated composite plates using wavelet analysis
analytical method", Journal of Vibration and Sound,
10(20), pp. 144-156 (2022).

22. Khanahmadi, M., Rezayfar, O. and Gholhaki, M. \Com-
parative study on steel beams damage detection based
on continuous and discrete wavelet transforms of static
and dynamic responses", Journal of Structural and Con-
struction Engineering, 8(9), pp. 166-183 (2021).

23. Khanahmadi, M., Mohammady Garfamy, H., Gholhaki,
M. and et al. \Wavelet-based damage detection of steel
beam-structures", Journal of Structure & Steel, 15(33),
pp. 15-27 (2021).

24. Rezaifar, O., Gholhaki, M., Khanahmadi, M. and et al.
\A review of structural health monitoring and damage
detection using wavelet transform: The case study of
damage detection in cantilever beams", Journal of Vi-
bration and Sound, 11(21), pp. 157-17 (2022).

25. Khanahmadi, M., Gholhaki, M. and Rezayfar, O. \Dam-
age identi�cation of column under the axial load based
on wavelet transform and modal data", Journal of Mod-
eling in Engineering, 18(63), pp. 51-64 (2021).

26. Khanahmadi, M., Khademi-Kouhi, M. and Azizi Rashid,
F. \A �nite element analytical study of the e�ect of ax-
ial load on structural modal properties in a column",
5th International Conferece on Civil, Architecture and
Urbanity Engineering (2021).

27. Khanahmadi, M., Mohammady Garfamy, H., Gholhaki,
M. and et al. \Curvature-based damage detection in a
column under the e�ect of axial load", Journal of Struc-
ture & Steel, 16(35), pp. 65-75 (2022).

29. Hanteh, M., Rezaifar, O. and Gholhaki, M. \Selecting
the appropriate wavelet function in the damage detection
of precast panel building based on experimental results
and numerical method", Sharif Journal of Civil Engi-
neering, 37(2.2), pp. 131-147 (2021).

30. Hanteh, M. and Rezaifar, O. \Damage detection in pre-
cast full panel building by continuous wavelet analysis
analytical method", Structures, 29, pp. 701-713 (2021).

31. Ma, Q., Solis, M. and Galvin, P. \Wavelet analysis of
static de
ections for multiple damage identi�cation in
beams", Mechanical Systems and Signal Processing, 147,
pp. 1-14 (2021).

32. Sun, G., Wang, Y., Luo, Q. and et al. \Vibration-based
damage identi�cation in composite plates using 3D-DIC
and wavelet analysis", Mechanical Systems and Signal
Processing, 173, p. 108890 (2022).

33. Mamazizi, A., Khanahmadi, M., and Nobakht Vakili,
K. \Debonding damage detection and assessment in a
CFST composite column using modal dynamic data",
Sharif Journal of Civil Engineering, 38.2(3.1), pp. 53-
63 (2022).

34. Khanahmadi, M., Rezaifar, O., Gholhaki, M. and et al.
\Detection of debonding damage location of the con-
crete core from the steel tube of concrete-�lled steel
tube (CFST) columns using wavelet analysis analytical
method", Modares Civil Engineering Journal, 22(1), pp.
129-142 (2023).

35. Khanahmadi, M., Gholhaki, M., Rezaifar, O. and et al.
\Damage identi�cation in steel beam structures based on
the comparison of analytical results of wavelet analysis",

36. Gholhaki, M., Karimi, M. and Pachideh, G. \Investiga-
tion of subpanel size e�ect on behavior factor of sti�ened
steel plate shear wall", Journal of Structural and Con-
struction Engineering, 5(4), pp. 73-87 (2019).

37. Gholhaki, M., Pachideh, G., Rezayfar, O. and et al.
\Speci�cation of response modi�cation factor for steel
plate shear wall by incremental dynamic analysis method
[IDA]", Journal of Structural and Construction Engi-
neering, 6(2), pp. 211-224 (2019).

38. Mallat, S. \A wavelet tour of signal processing: the
sparse way", Academic Press (2008).

39. Gao, R.X., and Yan, R. \Wavelets: Theory and applica-
tions for manufacturing", Springer, Science & Business
Media (2010).

68

28. Khanahmadi, M., Pouraminian, M., Mohammady Gar-
famy H. and et al. \Damage detection and identi�ca-
tion in a column under the e�ect of axial load using
modal properties and mode shapes-based detection in-
dex", Sharif Journal of Civil Engineering, 38.2(4.2), pp.
53-62 (2023).

Civil Infrastructure Researches, 8(2), pp. 173-183 (2023).



1|
xQ=t

W'
39

�2
|xQ

wO'
�14

02
Q=y@

�h
}QW

u=Qt
a|

UOv
yt

�cation in beams using wavelet analysis", International
Journal of Solids and Structures, 40(13-14), pp. 3557-
3569 (2003).

41. Zhong, Sh. and Olutunde Oyadiji, S. \Detection of

cracks in simply-supported beams by continuous wavelet
transform of reconstructed modal data", Computers &
Structures, 89(1-2), pp. 127-148 (2011).

42. Hansang, K. and Melhem, H. \Damage detection of
structures by wavelet analysis", Engineering Structures,
26(3), pp. 347-362 (2004).

k1 = floor (n1=10) ;

DIL (:; 1 : k1 + 1) = 0;DIL (:; n1� k1 : n1) = 08>>>>>>>>>>>>>>>>><>>>>>>>>>>>>>>>>>:

for j = 1 : n1
if Teta (Ui (:; j) ; Di (:; j)) > 90
DIW (:; j) = abs (cwt (Ui (:; j) +Di (:; j) ; scale; wname)) ;

else

DIW (:; j) = abs (cwt (Ui (:; j)�Di (:; j) ; scale; wname)) ;

end

end

k2 = floor (m1=10) ;

DIW (1 : k2 + 1; :) = 0;DIW (m1� k2 : m1; :) = 0
�Step4
figure (1) ; surf (X2; Y 2; DIL)

figure (2) ; surf (X2; Y 2; DIW )

�End

8>>>><>>>>:
function [z] = Teta (X;Y )

z = a cos d (dot (X;Y )/(norm (X) � norm (Y )))

end

CUw}B
:�?}U; XNWD sD} Qwor= ?rDt Om � "1 CUw}B

�Step1
U = xlsread

�0UndamagedSignal:xlsx0;0 Sheet10� ;

D = xlsread
�0DamagedSignal:xlsx0;0 Sheet10� ;

�Step2
[m;n] = size (U) ;

x1 = linspace (0; L; n) ; y1 = linspace (0;W;m) ;N = 2;

x2 = linspace (0; L;N � n) ; y2 = linspace (0;W;N �m) ;

[X1; Y 1] = meshgrid (x1; y1) ;

[X2; Y 2] = meshgrid (x2; y2) ;

8<:Ui = interp2 (X1; Y 1; U;X2; Y 2;0 spline0) ;

Di = interp2 (X1; Y 1; D;X2; Y 2;0 spline0) ;

�Step3
[m1; n1] = size (Ui) ;

DIL = zeros (m1; n1) ;DIW = zeros (m1; n1) ;

wname =0 coif50; scale = 2;8>>>>>>>>>>>>>>>>><>>>>>>>>>>>>>>>>>:

for i = 1 : m1
if Teta (Ui (i; :) ; Di (i; :)) > 90
DIL (i; :) = abs (cwt (Ui (i; :) +Di (i; :) ; scale; wname)) ;

else

DIL (i; :) = abs (cwt (Ui (i; :)�Di (i; :) ; scale; wname)) ;

end

end
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40. Douka, E., Loutridis, S. and Trochidis, A. \Crack identi-




