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U = zlsread ('Undamaged Signal.xlsx') ;

D = zlsread ('Damaged Signal.xlsx') ;
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z = linspace (°, L,numel (U));
zi = linspace (o, L,n x numel (U))
Ui = interp\ (x, U,xi, spline')
D1 = interp) (a:, D, zi, spline')
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[cAu, cDu] = dwt (Ui," wavelet function') ;
[cAd, cDd] = dwt (Di,' wavelet function') ;
ol 00 ul;-..".-| db\e UJ:J;J Clt ‘J)La Ajsa).o tnt lJp.éL‘h LIy
s Sl b sl sy DL ] ClplSas gl s :F o6
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if acosd(dot(U@', Di)/(norm(Ui) X norm(Di)) < Ae
DLI = cDu — ¢Dd; else
DLI = cDu+ ¢Dd;

end

zx = linspace (°, L, numel (DLI));

zxi = linspace (°, L,m x numel (DLI));
ol 0l w3 S 5,5 O L by i

DLIi = wnterp) (:m;, DLI, zxi, spline’) ;

figure; plot (zxi, DLIT)

OA

o oy gealS G5 d Sasle ol a5 ol



Y/ bt FASY (s 0 Fo N ul) it e ke

AR

e (a).u:f—D\;‘.:«T Xy Ns:}afD\wT s}y JJ‘J‘}A—D\WT

T el
J
o ~o
T el
5 . -
T el
5 - -

=
-
—
-«
—
<

m) J b m) J b m) J b

» (.,:;;}A_D\w' T L Xy ()L@,::y_D\;’,:j

-A

T asls
L - —
4f
-
[ R
J
— - —
j |
ol el
- -

—

-
—
<

m) J b m) Jb m) J b
DY ol s (‘_;ob@ oot b ) co] CLSe Lasls slalses Y S

4 f}.ﬂ:r—DYwT Xy 8 (jiiy—D"s,—:wV ot J}"}‘*D"WT

T el
J
~o ~o
T jasle
I« —
ol Lals
I
41
=

m) J4b m) J4b m) Jsb

LA M’}"DY‘.‘:‘”T NI (‘*%’)‘“DVWT Ky ()ng:}‘—DY\,:.;
\

T el
L —
| E
=
T Latls
I
T el
I
| E
~

m) g b m) J b m) g b
DY sl @l (ks o s (a3 ld) cn] CLGSS (a3l sl L3505 . F S

Wt DY LT S Al Ve gyl -Dy T

T asls
U
o ~o
ol el
I . -
| I
-
ol el

¢

) \ v ) Y v
m) J,b m) J,b m) J,b
XY+ A r:..i:}p—D\'WT XY A ;'?':i’)‘_Dr‘r‘:"’T ye ()Lé’g’_}“Dr&—:“T
Y Y q A
1 N,___—WI | M i
— ' x—] ) A—j '
=¥ -y -A
. \ Y A . \ Y Y . \ Y A
m) J,b m) J,b m) J4b

DY ol s (‘_;ob@ crets b ) co] CLSe el slalses .0 S



x\+ (}u:,p—DF%.:.f <\

p33350-DF T x\e

J;l:y—DFWT

T el

o oy gealS G5 d Sasle ol a5 ol

-7 -f —¥
\ Y Y \ Y Y \ Y Y
m) J,b m) J,b m) Jb
o h e -DF LT T A g Vet e e -DF CT
Y Y A
i i i
- \-} x——}
-y —Y -A
\ Y Y \ Y s \ Y v
m) Jb m) J b m Jb

DY il @l (oS o s (a3 ld) ol CLGSs (anls o l3ge 5 S

N..ﬂ:y—D\W' T

g =DV T

pr5e-DV T

m) J b

180 (¢

m) Jb

AR

m) J b
¢/ (all

] 208 b DY sl @l (o o et (23 L) ] bl a3l I ge Y S

x\o f-""’f—D\‘T‘:“T

4 T T

T el

_5 L .

m) Jb
.ul.a.b—)b,:f (o

(}.«:}‘—D\ ;._T..«T
4 T T

T pasls

-7 L .

m) Jb
E)b;—)l:ﬁf ]

A5 Lla U DY ] @l (ks o oyt 23 l8) ol Sl (a3l l3ge0 A JS2

GUIS A USE 55 pam 3 sl DY ] S (loe s L
sbal el e 3 Sl eS| e o] las oS ol il
b5 el iy Gandl Gly wolgln panld Gl ol sl
lis il panls S il aBeSs Lyt L CFST oyl

Sl

S gmin 35 35 el Cotisn G i & (EeSS Ll Sl
=15 5 1S IS (B Luba b il slasgs 53 el ol
Gels ml ol (ABSS Luld w8 ds e ol St
Sy 53 (ol (geu ST plie S Ol al b gt Jols g
pole Lis Glaamio sls Cospdme 4 a5 b 0pd e delre o]

§o



/) ol PAY s VPN 30l) Gl ples ukigs

Yo dbA&y—ry:y—waT

m) J b
xye SYM Y+ S sa—p g 350D F
A
-
-A ;
) Y ¥
m) J b
e COIf & &S yo—p g 350 -D £ T
A .
4
-
-A .
) Y v
) J b
xye 1DI0 &0 S gu—p po 350D F T
N ‘
-
A L
. ) Y ¥
m) J
xye 1hiod/8 oo so—p g 350 -D F T
A ;
3
\_? ' v n "l ll
-A A
) Y v
m) J b

Sy (‘_;QL.A@ cretS ) e b jadls b ylses 4 S
wwlize S g0 ely L (r}w 300) D¥ o]

b b Ok by 28 e ot el (215 ] i le
il lacmge ol laganls (Gile 4 ol Ligata LB
3lgtn ool isly ot jlul Sy el y 039 i o 5l (Satlas
Canl ‘)S\AA QJ}.@&|J:.E'-JJ |J:J 55)‘:‘(;‘ ESVE Y uiL"‘L':’ BYYISE) “":"‘"T
Sl lacusige plo slald y Soilin oo S plolit pie
22l et BB (Saslie bz il > wni 5o 5 22k IS

e st 351 e SLlS Sat i sibia 53 DF ol o s . F
b i sl (ol ©002) ol e Sy 5 (Shslis Gos 5 o)
s Sl 315 L3 )l glts ol 50 o5 0 e 265 L2

£\

s by, Sl eslizal b o] Cumbye ot bl S I S
Sl olgldn () 0 Gl cls S w6 Ol Sope s
S st ol ol 033 il (53000 S ol b o] kit 2l
sl | 60 dlns ol Sl (sla s & aas e 5l 0a ol
=i 38 TN Sym) b TY(DD) souls slaoslyles Sixge ol 5l 53k
Slaasipe 53 | dites 5 S (o G ¢ T 65550 Sirpe ol T (Coi)
350) DY Cony el ol (s)l55e ml L e ol o] alina
o 1 Grlle 1355 pa sdalia & S35 Siga ol Sl 3108 L (p5m
53 s sl s il gl abs shapie b pilazl i Obes

Sl osls 7 ] seilae

S ams F
(e e sl IS5 (mdige ool 3 il LS5 (b ol
o8t 5l Sl Gl sy e 5l S il 5 SGa plae
0l e diaj cpl 43 odee SVl Gl slaans 5 &S (g0b 4 cal
sy ol daojle o e (0L dabe cp e 5l S0l
slael o ipge | & Calapgion 5 s pogas 4 (oojle clacl )3 coml
22l by el ool slinsl gy 5T s 5]y e ol
b Sy sl ol dueg I3 & S ghlin sy 51 o3lial oyl
S s ot 5 S CLLL Joles ol plea u‘JalI (o 9 3¥ss (sesle 9
5556 bl b ol G2 iS a g i sl ol oy 4 ols e
S CL’U“ s b bl s e (ol ey 5o o Sl
50 dCFST lagsn) oo b osdf oV lagsm ool @5 &) 50
st (St ol plabb an g 390 o Kd S pblin slagysn |
fwuwfbl o Swb il S CFST lag s ;s 335 el 5l
202 g3l ang 300 (53¥sh syl Sl g (Sl stk plals ol
b W il Hils Slesl) sgis Sl (St «Smse i ol
SS9 ool 3,15 dales 5 oy e 53 3 | S il shos <6 &
ol sailate Ll S 28 Sn o (e (o8] S
tmla ol s sl o] el S el e slgriy Sadlis
Al S5 ] Sl ol eddplnl sl @l 202
Sl plas s ]
L oslanely ol o Sailin ols 50 bage el s el LKL )
Sl b pl5 s sl iy Su b &S (595 4 tans e LS
o] sibie 53 Sl L gl 390 53 el S5 4, P 28 el )
Glasgs cplly ol Jlss o8 lobs Ul sl sialis i,
2y slgde L
Sl frams &) g 4 o b ol Sl S o am Lo olis Y
S e N S, 28 [ RO PSR 1 |
el S5 ] acle ]

S o] A S 4 b Suilis Cumige S ot wlsl LY



Dhes ol Joims g 4 e (Solin sibie Sy a2 BB (0 ghli s S3lazil s el psli Lol Ll el 00 s )i LIS

xails Bl a Saslie bl )8 e s o)l ( Sadlos
mheedle jle el ISaa L] wolpln abld e cld
oolsm 3 3¥s oyl Sl o Saslie 3l Satle cumige plubs
W P J...dl> @l.:.\ wl_’ 2 ((;.:u_)léf LSLAJS"“:’} lA.AALmJ) Jlé_}"

Obes oyl Oln GBI L (ol & thbge GBI sdalay polas SLalS

b bl dales Sl
1550 (Soad Jlins (5k3 ol s3¥5 oyl 5l i (Saslon s (¢
23a) 355 ga dlns Sy 5l S Al slasse sasE 5 adsl sl S

BL

(ke 4 a5t ambne sio L MAC 5,80 it a5l (b3

ol slasse sa 56 5 adsl sl UK (e3¥s (ool Sl o Sazloe

Mp“)’tﬁ‘kﬁ“

Wasge oL 53 dalo Jlin «(s3Y58 (s0ylibn 1 (2 (s (Sl 1 (I

dlbe 8

3. Zhong, S. and Oyadiji, S.O. “Crack detection in simply
Lﬁwﬁylﬁ supported beams using stationary wavelet transform of
WT) Wavelet Transt modal data”, Structural Control and Health Monitoring,
1. (WT) Wavelet Transform 18, pp. 169-190 (2011).
2. Katunin
3. Zhong & Oyadji 4. Xu, W., Radzienski, M., Ostachowicz, W. and et al.
4. stationary Wavelet Transform (SWT) “Damage detection in plates using two-dimensional di-
5. Xu rection Gaussian wavelets and laser scanned operating
6. Two-dimensional directional gaussian wavelets deflection shapes”, Structural Health Monitoring, 12(5-
7. Laser scanned operating deflection shapes 6), pp. 457-468 (2013).
8. Lee
9. Continuous Relative Wavelet Entropy Method 5. Lee, S.G,, Yun, G.J. and Sh.ang, S. “Reference-free d'am-
10. Li age detection for truss bridge structures by continu-
11. Quincunx ous relative wavelet entropy method”, Structural Health
12. Patel Monitoring, pp. 1-14 (2014).
13. Abasnia 6. Li, J. and Hao, H. “Substructure damage identifica-
14. Yang & Oyadiji . . T
15, Noom tion based on wavelet-domain response reconstruction”,
. oor1l . .
16. Concrete-Filled Steel Tube Columns (CFST) Structural Health Monitoring, pp. 1-17 (2014).
17. Wang 7. Katunin, A. “Stone impact damage identification in
18. Mirzaei composite plates using modal data and quincunx wavelet
19. Ma analysis”, Archives of Civil and Mechanical Engineering,
20. Sun 15(1), pp. 251-261 (2015).
21. Continuous Wavelet Transform (CWT) . . .
22. Discrete Wavelet Transform (DWT) 8. Patel, S.S.., C}.loura.sm, A., Panigrahi, S. .and et al.
93. Details “Damage identification of RC structures using wavelet
24. Approximations transformation”, Procedia Engineering, 144, pp. 336-342
25. Modal Assurance Criterion (MAC) (2016).
26. Damage .Locahza‘mon Index (DLI) 9. Abbasnia, R., Mirzaei, B. and Yousefbeik, S. “A two-
27. Daubechies
step method composed of wavelet transform and model
28. Symlets . . . ..
99. Coiflets updating method for multiple damage diagnosis in
30. Biorthogonal beams”, Journal of Vibroengineering, 18(3), pp. 1497-
1513 (2016).
10. Rahami, H., Amini-Tehrani, H., Akhavat, M. and et al.
“Damage detection in offshore fixed platforms using con-
| cepts of energy entropy in wavelet packet transform”,
(References) ELM Amarkabir Journal of Cwil and Environmental Engineer-
1. Zhou, S., Tang, B. and Chen, R. “Comparison be- ing, 48(3), pp. 241-248 (2016).
tween non-stationary signals fast Fourier transform and 11, Yang, C. and Oyadiji, S.0. “Delamination detection in
wavelet analysis”, Intelligent Interaction and Affec- composite laminate plates using 2D wavelet analysis of
tive Computing, International Asia Symposium, IEEE modal frequency surface”, Journal of Computers and
(2009). Structures, 179, pp. 109-126 (2017).
2. Katunin, A. “Identification of multiple cracks in com- 12. Noori, M., Wang, H., Altabeyc, W.A. and et al. “A

posite beams using discrete wavelet transform”, Scien-
tific Problem of Machines Operation and Maintenance,
45(2), pp. 41-52 (2010).

modied wavelet energy rate-based damage identification
method for steel bridges”, Scientia Iranica, 25(6), pp.
3210-3230 (2018).

7Y

o oy gealS G5 d Sasle ol a5 ol



YN Gelad FA-Y (oysn dNVFoN 50L) oyl ples Jpn

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

oY

Rezaifar, O., Younesi, A., Gholhaki, M. and et al.
“Debbonding damage detection in concrete filled tube
columns by experimental modal data”, Journal of Struc-

tural and Construction Engineering, 6(Special Issue 4),
pp- 93-106 (2018).

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

Younesi, A., Rezaifar, O., Gholhaki, M. and Esfandiari,
A. “Damage detection in concrete filled tube columns
based on experimental modal data and wavelet tech-

nique”, Mechanics of Advanced Composite Structures,
7(2), pp. 245-254 (2020).

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

Hoseini Vaez, S. and Arefzade, T. “Comparison of static
and modal analysis in damage detection of concrete grav-
ity dams via wavelet transform”, Sharif Journal of Civil
Engineering, 35.2(1.1), pp. 33-41 (2019).

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

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).

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).

Khanahmadi, M., Gholhaki, M., Ghasemi-
Ghalehbahman, A. and et al. “Damage detection
in laminated composite plates using wavelet analysis

analytical method”, Journal of Vibration & Sound,
10(20), pp. 144-156 (2022).

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).

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

Khanahmadi, M., Gholhaki, M. and Rezayfar, O. “Dam-
age identification 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).

. Khanahmadi, M., Khademi-Kouhi, M. and Azizi-Rashid,

F. “A finite element analytical study of the effect of ax-
ial load on structural modal properties in a column”,
5th International Conference on Civil, Architecture and
Urbanity Engineering (2021).

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

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).

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).

Ma, Q., Solis, M. and Galvin, P. “Wavelet analysis of
static deflections for multiple damage identification in
beams”, Mechanical Systems and Signal Processing, 147,
pp. 1-14 (2021).

Sun, G., Wang, Y., Luo, Q. and et al. “Vibration-based
damage identification in composite plates using 3D-DIC
and wavelet analysis”, Mechanical Systems and Signal

Processing, 173, p. 108390 (2022).

Pachideh, G. and Gholhaki, M. “Evaluation of concrete
filled steel tube column confined with FRP”, Journal of
Testing FEvaluation, 48, pp. 4343-4354 (2020).

Pachideh, G., Gholhaki, M. and Moshtagh, A. “An ex-
perimental study on cyclic performance of the geomet-
rically prismatic concrete-filled double skin steel tubu-
lar (CFDST) columns”, Iranian Journal of Science and
Technology, Transactions of Civil Engineering, 45(2),
pp- 629-638 (2021).

Rezaifar, O. and Younesi, A. “Experimental study dis-
cussion of the seismic behavior on new types of inter-
nal/external stiffeners in rigid beam-to-CFST/HSS col-
umn connections”, Construction and Building Materials,
136, pp. 574-589 (2017).

Rezaifar, O. and Younesi, A. “Finite element study the
seismic behavior of connection to replace the continuity
plates in (NFT/CFT) steel columns”, Steel and Com-
posite Structures, 21(1), pp. 73-91 (2016).

Mallat, S. “A wavelet tour of signal processing: the
sparse way”, Academic Press (2008)

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

Douka, E., Loutridis, S. and Trochidis, A. “Crack identi-
fication in beams using wavelet analysis”, International
Journal of solids and structures, 40(13-14), pp. 3557-
3569 (2003).

Shuncong, Z. 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).

Kim, Hansang, and Hani Melhem, “Damage detection of
structures by wavelet analysis”, Engineering Structures,
26(3), pp. 347-362 (2004).

Rezaifar, O., Kabir, M.Z., Taribakhsh, M. and et al. “Dy-
namic behaviour of 3D-panel single-storey system using
shaking table testing”, Engineering Structures, 30(2),
pp. 318-337





