A5 w.k.p s
e Oles (g

31 00liit b (oY g8 Olxio 4O e T Cudgo it g (Il
SO 9 S50 LT g JI0g0 (Suoliad slaosts

Pp853 sl Tl Jale sl O e IS e 5 Lo

Olios oKl5 (Ol o puwdige oISy Lty =)

Olias o250 Ol pas puwdige 0dSEls oalial =¥

Ol S ol8ils (Ol jas dige a8l ol (6,585 (g gl Y
Ol oK 1s Ol joe pwdige o dSLils ol (5 S5 -

el (Vs oKl Ol e widige 0 dSCESNs ¢ e =0
*orezayfar@semnan.ac.ir

IASRVANFEL SR U V8 sl sl

Jeolm (Soaliss Slalas sl Jpol o slasils a8 lils O sodaie b 18 5 b O 5ne Julse i o Lasjle Ol B8 L
B2 gmad 03551 ps 5 o3l lalloll (b S B 5l ey (83 e DB O el e S 0 U1 0 5 sl
el Jalse o bojlw 53 adge slacan] 228 5 b 5l g e esle ohlS il el (glasboml el s, 4 ol iz
I8 5 by 5 ea s Gl Sl 5 e Dl baosler bl Comss 5 bl ol ol iled axlse IS0 L 1) 5le IS zdls il5
Gloslwr LaOldl o 5o 31 Slomis ol O K53 51 ol 55 Glaiae (o Sax 5 3550 5 e 3 ST baeslar 3 aedl
Sl g o 53 5 35 o3l S ol e 5 ol L oLl ol 0ty oo 4 15 e 0T 53 ol o it
el 55 (V55 Dl Slaslinal 05351 55, 5 S @ bdlis pl 03 bl feamd 1 G613 (oslasl 5 0 O slezrd
bosl 53 aadln 2l Sl 0 St 3 S0 015 0 ol S 5 Lol 5050 (N 3 slals Ul 4 Slazs e
s 53 S S e Ll 1 e a5 ) S (Bl 3e sl JSE 5 e il ) Ul se Sealys (slaosls 3l eslinul L
Sl S s o ABAQUS (g5 5ume 1) o 1531 0 3 55 el (s3ludde 3V 56 amior o shie ol 4 s Sl a2,y
b5ty sl s LlS (Salas pde 5 Ll 5 DM (bt 3 )il o] 05 5 e Gladl i e (slaesls 5
ol SO me L sls Ll s IS0 a5l 5 ol slasla s e sy s MAC) Jlage Ll slre olid 2 1) i) slas o
3y g iS5l 3 ge an U 5 adsl sl IS sy 53 Sor e ko (583 S s Sl ol S se il slee (DD ol LG

A glalis VU B basino (o e 5 b bl 55 53 DLI el 53 (68l o 3 5l b el (a0 i

ol Ll (oo Lo ol ge Olisebl Jlre iz ge slaesls o3l zodles 5l 1 gddS O304

S m S e 5 Bl LS 35 5 sl e gla dordo — )
slael 5 baoslw Sl Coandy 51 el 55 o5l S cmal Sas glosle slizel 5 lassle Oley w238 L
L‘M\J’A J ‘L:"K"’ ‘O\J—’“‘p J"J“@“’ LSLAQ;“:’.'); BE LS'°)L"" 6)':):.3)_< Qj_g- L;L»b_& ):\ BEIE) ol W}A 6@;,.:.&1

YO



b‘)m‘,}@u) el

) 03Ul b (3Y 5 Silowke 55 ] Comdge i 5 luli

i edisiaal 5 W Sl 35 sla IS 5 S e
ol s Sl a0l sty o o Ll
Slonio S ol o sl Dk S e
SV esliad L [23] 8 sl 5 ST s sed oslinad WL
i s ys slmesls 5 SWT) Tl S50 s
sl AT Ll 3 Ly L 5 s S 5 (g3l S
Sl S o 5l 4 dals Ol Lol azsls
g gLl 1) ol e 0155 0 550 IS5 (glrosls
laoslw 5 ol ol g [24] Y e, S 5 6 BL
Aol Sorse o Sleslanal b a3l & pw o
o&ﬂ@juﬂdu@b\wﬁﬁ\ﬂugi
53 agaly sl palie s pel eolinal [ s 50 glaesla
S5 sl g8 Ol edias DL S e DU il 2
S SlaSsr 5o (6,5 an L [25] M0 5 55
st Sl Sllas sl gla IS 5 Y giay 53 s
d Ghae 5 Aty Dlomis 53 ool Gaiis 40 L
o3l L [26] V0Las 5 ) bds o e slilis
ol b Mgy s S e 5 8 55
oo AS Al OGS 5 sl oL A slaesle s
Je slaesln s ol (3o (oo c B (ol
LS 5 e Jhas S Ol 4 Ll e 2l 1 oL
S [27] Tam 5 J s sd wls eslinal 3y 50 ol pluli
T B P o U WL U W
e el Vo glamins Ol o3l j3 ake RA O s
Lad 3350 L0l estls p Sor g aials ey (303l
Olyen 335 35500 b 1) ol sl e ool 555 L
o3l L [28] o 518 doles plulid guys 4 ool

SLas s TSl S Ll e e

5. Zhong & Oyadji

6. Stationary Wavelet Transform (SWT)

7. Bagheri & Kourehli

8. Xuetal

9. Two-dimensional directional Gaussian wavelets
10. Laser scanned operating deflection shapes

11. Lee et al

12. Continuous relative wavelet entropy method
13. Li & Hao

14. Quincunx

Cond s Sd el 0L 55 51 (ol a5 5, 50
o2 53 5 ol Ceal Sl g age sl Lol el
o L Ol e OF 0 5 s el 3505 s
g5 3oty ol Slael s L s ol Jooms
By ($,S s LSl = U Jbe 5 Sl sl
J=t s Sl sl sy ke ll ann 5 gl
slas )6 5 ealis Aol ol (5, So3lul slaesls
LUl 03503 gl 3 15 Ol cpl 5 03l 28l 1, ee
DL,y Ol sbazel Bt 5k sla gy 5l eslinad
s JES Sls g s Sl Jole 53 1y aesle

Slasis 5 (Lol 5 olis) Solos glaesls
g (o e 5 350 Sl S a8 3) oy
il (mlr 5 P o) o3l (S5 el
5 Selis Slasin )3 il 4 e ol 3525 .2l
ol ool s [1, 2] 5 5d e JIs ge Slasiin camed 3
23 et Jeld baelw po ol a5 gla s,
350 S Lol 5, 6] 550 sla IS5 [3,4] L ks
4 545 4 [10, 11] (FRFs) ' .08 &b &l 5 [7-9]
F e smas S 3 LS 4 OIS e el Ol pe
[16, 17] 315 Glae 5 [14, 15] 5 o) sV (12, 13]
laias 23 el Ll Solest el aie) )3
i) S S e (WT) T o o el plulis
oslial U 18, 19] col WIS 25l 5 duasl 5 50,
ol s IS ) (5 iy Sl S se LS )
oi 33 3 LIS w (g5lw o 53 0T U1y el
[20] 252 0 Jhol> 5 5 5 Ol

laesls 5 S se Jdos laslinal L [21] T 58
o A Gl B Sl el arlu 5 S b e
bl (gl S 5l LS b (s sdaze (lacS
oY S Dl il S Sl a8 Bl oSS e

ks S5 L [22] TOLLSen 5 (5ol 58

1. Frequency Response Functions (FRFs)
2. Wavelet Transform (WT)

3. Katunin

4. Ghodrati-Amiri et al



VFey Jle /) e)\.m.’i/ry} St 6393

e b‘,oﬁ g:"‘"""@"g;':‘h"}l_g;"‘lﬁ‘d’“

[34] ° ausll 5 SOL s ol gla ol il ol
LY b 550lS Olmie ol plulis Gl o)
DL Ladl s gad 4l Jls e LS b pelanw 51 e3lin
> P Eel bagN aibpe o J2alS o5 Wsls
T S il o anbe b s 0dd Jlose (il 3 mlas
Slods 5SS 5 Jome Ol o oy LS 3
O 5 3 ol s gel jascia |y 4 ks 255l
@3V g0 g 53 Sl ol oLl 4 [35, 36]
AT s slaosls sl 1y i Lol
bwg 1y Soialer ol (gmiss opl 55 ol sl
W o Ot g O SS 5s SHU Okl L Y S
Sheslial U 5 205 500 (g3l o2V 50 ol 5
S e Lol B g0 At Smge 145
Gole g bely s NS (oY g osld 5 o aes
lmesls amslin oy S o Jodd Sl eslinad L [37] o015
dew el s s dlsge 5 Skl Lo 5l Jol>
ol Sla e il ay Gdgn 5 sy S5
Sheslial b el plulis dul b 55 45 A edalie .S
Comdge an S0 Sy dibe ol ge o Solal glaesls
ol Ol ol SIS 3 S a3 5 s
350 SIS 5 S LS Sl eslinal L [38] OS5
B (JL.,J Slalldl S o ol b dnlis & (53Y 55 i
| - R Slslicel as sls olis Cfl” ..L':.>'IJJ._3 O gexa
e L aelis 5o e glacdl sl A5 S e
il glaciadse 5o v cdb el W5 S e
o s S g e 53 5 Sl Sl o]
0L LOT (pmmman 3500 gloli |y o (s Jous U155
Ao Comd Jal 350 G K5 S s Jdow 5l aS sl
ol Slaandso VL glas e (sla IS Sor o oo
bt S oS Sl g F e (e
oo s S sl b 5 Koo o 3 a0 5

B UL antla i Sleio 53 canl plulis 4 355

5. Yang & Oyadiji

'YV

sdpsiaal Lz ge JS8 o 5 4y o 4y ke
ol Sl eslizad b aS sl 0l 5 ol s peelS Silmio
Fo S Al Slaml 5 ool 53 855l bS5
Soge s 5l eslial L[29] "0 en 5 5L e e
L Laol el o Oleatlo SO ol 5 plulis o
Cab a1t o ) el Sor e o
et i LU S sy LS il (slap sl
oz Sloslw (S5 la S5 00 ki 5 Sorse o
Shesleul L [30] OllSKan 5 ol asls 552 o=
A 4 S e Sl b5 3 8551 g 5T ealie
S sl oLz 5 sl obos col la S s >
03 e Oyl o s slaadlbe Ol i Ol
QJ_JA_,W%N))_LA_;VJQJ_JL_‘_;L@WT
3 ksl aly S am ol o)l gl
Glads o 55 gy 3leslinal b otagsy s [31] "0l
el o lwtng Lo, S5 S pe L
Shestial U Laol iastls  La s s alaer glacand
ol W3 gad bt | el (slafoms S g ks
Slamd go sl 4 ) 4y 5m ol SOV pems sl 5 5
Sl S G b 5l s sl als ol sl Ll
IS 55 ol Sl Lol 4 Gige (Lot
L [32] TOLLSan 5 ol e B ] glacund s
s U ol oslw o el glalid & wlin 25,
003 el 0Ll 3 b ol w5 izl sl glaoled!
Al lbe Lagldl 51 G a s o e 5 olulis
S sn Jods S5 Sl esliad L [33] TOLes 5 (s, 53
03 ol a5 a o ks Gl jgsa 3sdee DLl ke
L Gaios opl s ol iastls eV 05 50lS Silmis
033 e b e 5 ol 2 Joee (S pe Lo ) el
o G ST s S 5 s ) sl 1 S

1. Patel et al

2. Abasnia el al
3. Mirzaei et al
4. Ashory et al



b‘)m‘,}@u) el

) 03Ul b (3Y 5 Silowke 55 ] Comdge i 5 luli

S 33 dm Sorpe S (S o S 2
TS S e o 5 (CWT) i sy Srpe s
Syh g a3 e 4 (DWT)

Wiy g0 Jrobd —1-F

L0 L -0 o3l s f(8) IS ai s S50 kS

44, 45] 345 o i a5 (1) ala,

cwr/OvO - [ Zf(t)Lw* (e o

Vls|
03 4 dwlﬂ‘)h}wg&j&bh p.:»j T 9S8 Qi).)ﬁ
Lblae (s > 1) YU sla olas .wl&z—yclil[}j
ful_ujb Lble 5 < 1) ol o ulis }VQL:S}?
4_?1)\4_:]”;}“} Ui\ RGSU PSS W4 \_.d.ijxi JLE:;UU,;L:EA
o=l A s e sl 8 & sl Sl
S A S S S sl e S L S s
S gp o a5 IS S5 Sz 5 S S slassily
ML il [ 5 sl S Ll So e b
4 {46 & 47] 13l o 1ol S e w5 LK1

ook
fwzp(t)dt =0 )
_ (ool 4 46 & 4T7] AsL 3 5dwe OF (5 51 =Y
fw lw(®)|?dt < +o0 ()
_ [46-49] Ll Gde (©) alayl,y 55 ALY
fw 'WS)'Zdt < +oo ©

adaly ol lely Sl 5P a8 Jas W Ol s &S
aly i Gl Oty 4 S sl ()
Sr g @l 3 (83,51 iy 45 Sl e ol 4 (D)

[49] 55 g0 3 5domali oS Slas o3k S 610

1. Continuous Wavelet Transform (CWT)
2. Discrete Wavelet Transform (DWT)

3. Details

4. Approximations

YA

aalllas L i 53 0L K it ol copizeen [39]
S esliad b (535 sla 5 3 ol (3L ST (lacylin
33 L aS Wols OLad S 5 ate g S e LS
3 Sl lagaly Jolos 51015 0 Sorge AT ¢ 58
ol VU s U1y ol glacand go o Saolus
osliial Ly [41] (6,505 Godod 55 0T iean [40] 5503
o (590,5 JSm S i 8 5 gy S e S )
Sose sl = o O DLl s ol sl
Gyl s S gl polie (S s
el Sl e 53 Dt sl 53 b blze slie 51 L
b 5l ealinad L[42, 43] 0LSan 5 5 olo, ks Olis
Sletle oslw SO 5o e IS ol @ aie gy S
e aallae ol 3 ity ol s 5 L SIS
el 53 BB 5 (6 S d g Sl b ]
A plalid ons w5 Ko ge

el S e (glojlo SOl o St 3| Do
iz LaOladl plo s olig iy )50 4 L1550 0T s
@lae cpl sl Ko 5lrs | o5l S Cudla 5 0l
BEECIPR P PO I PR JCL JUOne I | B P
S s iy Salus oledlbl jleslin ol L S
ol 4ty gdm 55 S e Jlow o e 3lgniy
CLOK i Ll SO eolgig s 03 ol
ks Sl 5l ol Srsn ol gln
i sy (S0 4t sl G S e ko
ol i baal plocundse 53 OF il s 5 0l
sl
Srgo Jod ¥
85 Clasia oS ol Las Sl b Srse A
5035 gl Al o5 S Slas 03l s | S S
.M@%JQQQQBJQKQSM;&QLL
Sl 45 ol ool w5 (5 Gl s some B o
22 S il 5 A8 o ek (S 55
[44] Wl o s @y il sla a3,



VEeY JL /) °)L°':’/ff"}‘:"‘”';‘.°J}'>

oo Ol e pwdigp pingh — oode Ao

F© =) 4050

k

= D UF©,0,,()0,,(®), kez -
k

fi® = Z k(@)
k
= D OB OW®, kez "
k

L bl s (e s a) dipe 5 Qe ol OF 53 oS
L) I S ezt 3 distens S5 5 oo 85
Lab 5 5l Glas ez 4 (A) adal) 5leslinal L 015 0

g

[oe]

ICER a,kwjk(mZ Z [ bia® )

k=—c0 j=jo k=—co

35 Sl oI e i Sl elie Sl SO ol s a8
Pik) = 5 c—ul i = B(t) S Vsl ne
B(t) o lide 5 anl Jisl e 2797202772t — k)
[44] <o

Lol e L 0 y) sdm 55 W&o G el b &
Sy so i Lab 05 31 (s semee 4 (1) Wslas 3l oslil

[50] 5505 4325 25

flx,y) = z Z Qo kg ey P key ey (6 V)

kq=—o00 kp=—00
© 3
Jj=jo i=1k

d(3) (2)
Jkikz 2 Vi kyks

CY)

[e<) (o)

@ @
Z z dllk1kzlpﬂl<1kz(x’y)

1=—00 kz_—oo

(€8]
cdj K1 k2 ‘ajo,kl,k—z

sl o (4) dslas
S35 B (Bl Ol 5 Ol B L Bl s 5w

[50] 558 00 s 25 25 Sy s0 a0 (V1)
D(x,y) = d(x)d(y)
Yi(x,y) = ()Y (y)
Y2 (x,y) = p(x)p(»)
Wi(x,y) = p)y(y)

)

AR

W™ g0 s -T-Y
CWT plol JUil 5 obde (sl oy ey s s
335 ee Sl Bl 5 4 e K 5
Aol o SRalidl adasle ol el Ol cases s
Slarbin 5> Sorse il b s als il
LS s S s e pStee A B il
3 olde bl et (laanaS Sl eslial o S5 58)

[45] cad 0T a JUasl byl Slids 05 g 4zl s

{ s=s), so<1, j€Z ™)

‘[=k‘[05({, T9 # 0, keZz
Jbﬁ_ﬂw&yﬁlﬁﬁozlﬁsozzyﬁp

[44, 451 LT o s &0 (F) ol 5l eslizad L f(0)
DWTLOV® = (£(£), 1, (6)) =

- k21
j f(t)¢< )dt

3525 (0, (1) S0 ) b 5 (Slas sazma S|
oy |y f() K |l oMbl S ail azils

1
V27 )

Al 3 (1) aaly L cles

AlFOIF < Y [F©. 9, < BIFOI .
Jk

A B€eR"

o Sxe G b 5l Olg e 1y F(8) IS ( A i s
303 bl atS S e s

Z Z DWT PP By () ©)

ﬁ;);L\jddetiy&;ﬁ&Mﬂ

02551 s gl 358 e Sl 5 Sl e

f@) =

L 8 Dledbl Ol o Sl 8 5 Sl sy mhaws
e 4 Oy B 15 oo 4 dn b 5500 3 20
g.i_i 6)"._.»'0.3\.3.; L;;)_{;; u—i‘ﬂ :j..i )‘ﬁj o Ls"\jb
ol Sl 5 s (V5 #) slaetslas oo DWT

144, 45] das s @51 _obie



Qbm‘,ﬁdu) el

i) oslizal b (3¥ 55 Sl 55 ol Cumbgn s 5 pllid

ol 0l B8] Qljx;tj L«"-"‘ cdalsl B sl c..uli g_,\:...di

el 9 Dl ks —V-F
Slojlm o S s el Wales laejler Sl

g s (V) ally b ol Oy @313l 4o

MU +KU =0 QRD)

o 3 e LA Sl i 5 4 M K Ol s S
adslae o 5l ab Lo il 5 oy ol s dines

AZed dsles J.{LS (VYY) aaseioe

det(K — w*M) =0 av)

Jador Ly (o s 5ls e BLSI s 0 nl 2y
(.Jl_.,« sl ab s 1858 5y, e Ul an
53 S sl (F) sl 3 il Sosline ol
S5 a5 55 a5 ol 0l 03,51 gl 350 e
LS osb a4 opd e edalin aen VI Jss 3 oS
Cands 53 e LauilS 5 Ol ol a5l

Al SRl 5 L

A

o Vb amino 45l 5 sl 5se gl IS lis ol s
by o plonil (gl shn 53 olad GladUS Ol 5o
sdd esliul (D2DWT) ' sy 55 @S Smpn oS
sl

SOV g8 dxio dgumo sl 3>l (S il Joe T
sbad an 5 e Lo ¥ Culbes 4 SHU Sl (65N b amin
Lyl 5 Ly ABAQUS l53l o5 53 ;e s Br oA
5 el s SO Slasiie 5 ol ABLSS
eV s 5 CnSa e 0 S LS VAR J
5D2 DI ol 5 o glacl- 55 JISULIS )+
e 3l b g el (g5ladde (V) Jader 53 ol 2 D3
slad o ol o sy i8S Lo 2e Ja YO
eSS Oy 4 WT sl ¢LQJ 03 e e 00 %00
amio (V) IS8 s ol sl iy pad atez Yl gk
el 0 0303 QLIS Y 5 Y ) el (glacand go L o5V 4
ol lacanise 5 sl ASaSS Ll s b o3V amio ) IS

YYD

w=ﬁmnm_|

L =800 mm ‘

Fig. 1. The steel plate with free support conditions and
damage zones 1, 2 and 3
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Center
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y/ Dama
T
Stat | Numb | Locati | v - (ZV tS;E/‘;S
ST o 8001 600
m
m) m
m)
375 | 275 051 0.5 10, 20
P! : : el anc| O | 0 | &30
425 | 325
STS 1125167 1 02 | 10,20
2 2 ol 5|5 | &30
625 | 175
3 5?5 1%5 0.7 | 0.2 | 10,20
625|175 > | 3 | &30
D3 2
175 | 425
0.2 | 0.7
! o I R B B
225 | 475

Table 1. Specifications of different damage states on
the steel plate

Y5 amtn ol 250 gla IS0 Y Jss

W=600m L=800m

Mode 4

400

W =600m L=800m

300

L=800m

Mode 3

W =600m

L=800m

Fig. 2. Healthy mode shapes of the steel plate
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D1 Damage State D2 Damage State D3 Damage State
Nl\lilr(r)l(li)ﬁ;r Undsatz'tzged Damage Severity (%) Damage Severity (%) Damage Severity (%)
10 20 30 10 20 30 10 20 30
1 13.608 13.603 13.597 13.591 13.605 13.601 13.597 13.595 13.591 13.587
2 16.225 16.216 16.205 16.193 16.222 16218 16.215 16.213 16.210 16.206
3 30.181 30.159 30.135 30.107 30.175 30.168 30.160 30.158 30.151 30.144
4 32.248 32247 | 32246 32.245 32.239 32.230 32.221 32.217 32.208 32.199
Table 2. Natural frequency values of the first four healthy and damaged modes
(4 2) Cgme 5 ol a g0 IS0 lasls s o l5 ¥ J gt
D1 Damage Severity (%) D2 Damage Severity (%) D3 Damage Severity (%)
Nhﬁ;%zr 10 20 30 10 20 30 10 20 30
Blil,dl Hiu,az Hiu,a3
1 0.0086 179.98 179.97 179.98 179.96 179.93 0.0550 0.0639 0.0803
2 0.0194 0.0427 0.0711 0.0230 0.0482 0.0764 0.0632 0.0738 0.0929
3 0.0496 0.1068 0.1738 0.0386 0.0828 0.1341 0.0891 0.0863 0.1085
4 0.0005 0.0011 0.0018 179.95 179.89 179.83 0.1621 0.1994 179.75
Table 3. The angle between of healthy and damaged mode shapes
S 5 e 250 sla S (MAC) Ul g Olabl Jlne F d g
D1 Damage State D2 Damage State D3 Damage State
Nl\friizr 10 20 30 10 20 30 10 20 30
MAcH MACH* MAC®
1 0.9999999 | 0.9999999 | 0.9999997 | 0.9999998 | 0.9999994 | 0.9999986 | 0.9999991 | 0.9999987 | 0.9999998
2 0.9999998 | 0.9999994 | 0.9999984 | 0.9999998 | 0.9999993 | 0.9999982 | 0.9999987 | 0.9999983 | 0.9999998
3 0.9999992 | 0.9999965 | 0.9999908 | 0.9999995 | 0.9999979 | 0.9999945 | 0.9999975 | 0.9999977 | 0.9999995
4 0.9999999 | 0.9999999 | 0.9999999 | 0.9999991 | 0.9999964 | 0.9999913 | 0.9999919 | 0.9999878 | 0.9999991

Table 4. The MAC value between of healthy and damaged mode shapes
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1. Damage Localization Index (DLI)
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Fig. 3. 1* mode DLI diagram of the D1 damage state with
the damage severity (a) 10%, (b) 20% and (c) 30%
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Abstract

The health of structures, provision of safety, and the sense of security are among constant requirements and
perpetual challenges of engineering and managers in the field of crisis management. Erosion and occurrence
of minor local damage to structures and structural members in the early stages of construction or during
operation, especially in critical structures such as power plants, tall buildings, stairs, dams, airports, and
hospitals, have always been among major problems. As time passes, Structures are affected by a variety of
natural and non-natural destructive factors such as earthquakes, non-systematic excavations, dynamic
vibrations resulting from explosions and heavy vehicle traffic. In addition, factors such as serviceability
expectation beyond the design capacity of structural elements and failure to meet the latest expectations
imposed by regulations, use of poor-quality materials and execution problems will reduce efficiency and,
consequently the service life of structures. Also, the spread of local damages in structures can impair the
overall health of the structure. Undoubtedly, knowledge of structural health and safety is of vital importance
and structural health monitoring is recognized as one of the most important subjects that has received a lot of
attention from researchers. Plates are one of the most important structural elements that can, when damaged,
progressively transfer damages to other elements and lead to overall structural damage incurring irreparable
social and economic costs. Due to the increasing applications of steel plates, especially in building structures
(as steel plate shear walls) in the present study attempts were made to focus on damage detection and
localization as one of the most important steps of health monitoring using modal dynamic data (natural
frequencies and mode shapes) and a proposed diagnostic method based on two-dimensional discrete wavelet
analysis. To this end, the modeled steel plate was subjected to frequency analysis in ABAQUS finite element
analysis software and the modal data associated with damaged and non-damaged states were extracted. The
results showed differences between the frequencies and lack of correlation between primary and secondary
vibration mode shapes based on the modal assurance criterion (MAC) and the angle between the primary and
secondary mode shape vectors. Using a propoed damage localization index (DLI) based on the wavelet
coefficients obtained from the diameter details of the two-dimensional wavelet analysis of the primary and
secondary vibration mode shapes, the damage zones were detected by creating a maximum relative jumps in
the DLI diagram. Studies showed that DLI values are sensitive to the damage severity of the damage zone
and with increasing the damage severity, these values increase in fixed spatial coordinates in the damaged
zone. Also, the DLI of one damaged zone is independent of the damage severity of the other damaged zones,
and this is a positive advantage in the damage determination process. Otherwise, failure to detect one
damaged zone may affect the detection of other damaged zones, and consequently pose problems in the
process of damage detection and localization in cases where we are dealing with multiple damage zones.
According to the results of the present study, DLI can be proposed as an efficient and effective index in
detection and localization of damages in steel plate elements.

Keywords: Structural Health Monitoring, Modal Data, Modal Assurance Criterion (MAC), Two-
dimensional Wavelet Analysis, Damage Detection.
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