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Abstract; In this paper,a method based on two-dimensional discrete wavelet transform for single
and multi-point damage identification of concrete slab is proposed. The finite element software
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ABAQUS is used to establish the three-dimensional solid finite element model of the concrete slab
with four fixed constraints. The combined damage modes of single point, horizontal strip and
vertical strip are considered. The damage factor is established based on the stiffness loss, and the
vibration modes of concrete slab with different damage modes are obtained. Considering the
displacement modes of concrete slab under four working conditions, the displacement modes are
transformed by two-dimensional discrete wavelet transform. The two-dimensional discrete wavelet
transform is easy to identify single point damage; when the damage factor is small, the two-
dimensional discrete wavelet transform has good identification ability for the joint of healthy
concrete slab and damaged. when the damage factor is large, this situation will not appear. The
two-dimensional discrete wavelet transform can identify and locate the damage of concrete slab
with high sensitivity.

Key words: concrete slab;2D discrete wavelet transform; damage identification ; vibration mode;

numerical simulation

IREELRAEALE By I AR
TR AR EEARE R Z N,
vty RN M A A AR Ay A I TR BE
Mros B A B it v 400 TR BE A rhuO 2
DX A 155 o) LR FK - 2288 0 2353 i TR BE
T AEMR AR BE T, FE A i R R A AR
By &R TR BE AR At &
R PR T = I ey 2 AE AT R TR
BETHIT RT3 R A S EE AL i i 401 L 2
BRSPSy Ak, Rt R I e O v
o VR B - M 5 45 TR0 2 A B N AR R G
T AT

F 20 22 80 ARFRLIE, 25k 51 473 3531
— HARAENIMEE R ST A5 3h
12 S MR O 7 iz 32 3 T AR AT
(5eTE, I HBUS T — & M58 BURN
J. Morlet $& H T /N A8 3 ) ME 42, Y. Meyer
Pt 7 — D FAE R /N L, 5 T, Mallat
—HL A R T N 2 RO 4y Hrt
IINBEG3 BT 2 — 4> I T 5 43 A ) J) 7 7
T AT LA R S 5 b S o FAE B, il i
s VA% 55 s S D BE XS 5 #1743 A, AT
iR T A B AR R RE R D B 2 ) R
FFT 546 i 9K BB S0 BLRHS 20 Hr B el
F1AY /NI IR P 2 [ AN S 1, B0 AR
AR L AR LI AR R R R /DN AR 4
I3 A ] P R SR /0N i 7 R 4

B RO B BT BRI A S B o R
HER BRI, Z Hou %5 47 H BT 5
PR/ N A4 R AN S5 B 500 O v, I 5
WE T %7 B WA %M, E. Douka %57 % H
4 S/ AR — B R AT TR O
$ i THiFERR . X. Q. Zhou AN TS R
WA Bl i 24 FHAE 2R 2 i 40005 067 BB, T
DA FH B 80 N AR 4 2R B SR A8 A T4 3
fii, J. C. Hong %5 R FHIE S /NI R KU &
75 R X B TR AT 4 0 6 B AL AR
Th SR AR A i T A RO N
AAEAG AT X A T AR LA A I 1 T 1 R T
AT DAAT 24 %o R T 24 a0 B R AT R (S
AL IE L GEIN Ny N A3 B SR B ) RUBE 43 A
BN 37 TR R & T v N N2
Pk 2 Sy g WA, NI BLTE Ak
PAF 5 o B kR F B R AR
R

BT Eikadr, RN T —fMET
Ak BN AR 4 1 TR BE A A B S s B A
2485 B 05 R 0 Jr vk R AR JT K1
ABAQUS Hiar T VU1 [ 45 24 i) e R B¢
AR AN B A R T A TR B R ) — 4
A RRICHERL TR RSB IRAY s R FH — 4k
BN AR LA B AN TRl 00 TR
WA 5 R 5 R AR S A R o BT s ISR
FROH L B T T v AT LA A5 R R R 1 A



1082 W K2R CARB¥R) 938 &
ST A e SRR S R i, FL Wt ) = e
I BOR R U a2
(x,—b,)cosf — (x,—b,)sind
¢
1 BEHUNE AR S a ’
SR T Rt s gy (BT POS? m(amb)cobly g (g

A, VUL R ) P 3 St 2 R LR
HE AR KR ST ARG, XN BE T
M, HodR FAR R — A (x,y) A — D EHR
FCx,y) 5 ZHXE R, a0 R — A~ o5 AR AR 2 4
SE0 BRI ARG — NS S f(x,
¥, BORERE AT LK F R FH 55 /0N i A e 1) 452
P

M fx,y)e L (R) 4l x,
x, YR B AR R A B o (x, 1 x,)
SR AEREHY 4N, U = 20 % /N

EX!ZD_FLZI :
% §Da,b(x1 axz)%‘%i\‘ o(x,,x,) EORGEERER I

vz |
x, —b, ’xz _sz‘ (1)
a

a

WI, = (a:b,;b,) = (f(x,,x,) »Pay b, (x,,%,)) =

7Jj'f(x1 xz)QD(XI ~b xz -

a

1
@y, (X1,X,) =a¢(

jdxdx (2)

ﬁ*:ﬂﬂ—?;%%iﬁdﬁitﬁ%ﬁﬁ@%ﬁﬁ
JE R RE AT AR, B (2) A%,
1 (™d
fx,x,) = CTJJO ;?ﬂWTf(a:bl ;by)

w(m,x —b )db db, (3)
a

. ﬂqo(vtvlwz) dwdy . (4)

#%mﬁﬁﬁ%w#%mﬁﬁﬁﬁ
%&iﬁ%ﬂﬁ:ﬁwﬁﬁﬁREW%ﬁﬁ%
[F Bt T LA T AR B E R | B /N A5 g
R T a 7] LS A FIE R

A =ar,. (5)
WT, = (A:b) = (f(x) ,0,5(x)).  (6)
W2 (6) 4 AL (2) T

a
A1z (7) AT, 4k /)Nl A e ] ek B A
R STERENRE , 73 S A AL R 5, I
TE3z F A /NI o IR, AT LA 6 d A 1)
PRI 1 AT /NP

2 IREE A PRoTA A
2.1 BiABRTEER

EH K HA BRI ABAQUS H iy
SHELLG63 B0k £7 % (i e A5 | 57, pU ik
[P R 24 AR AR TR B A = SRR Y
REETRAK xTE N hxb=6 mx3.6m,E
JE =01 m REHHLL0. 05 m #E1THITH
k&R 5 AnE 1 s TR A R B R AR 2
g C30, % p =2.4 x 10° kg/m’ | B PER
E =30 GPa,JA#A n=0.2,

(=4 L

6m

(b)BATTRI 53487
1 TRBE AR FROTAR A
Fig.1 The FEM of concrete plate

2.2 HERBIRIE

S LASCHR [ 19 ] (A5 400 5 57 1) TR 5
WA BIFEAT XS SRR, TREE TR x B x
JEH6 mx3.6mx0.1 m,IREE+ 5% E
A9k C30, KA o =0. 167 , 55 p =2. 5 x
10° kg/m’ , BiPERR B E =25.5 x 10° MPa, L)



5 6 1]

FFREE BT T B HUNI A A TR BE L AR O UM R B AR S B 1083

T TR BE L ARAE X HERIEXT 4 . FI A
BROCE I ABAQUS HEATHEML MY, FRATHE B
SRR BB A RN 1 PR,
R IREEL A E AR LR IE
Table 1 Comparative verification of natural frequency

for the concrete plate

[E 43 45 %/ Hz
P . ey SCHR[12] AR %
ZEH A Wik 28
—Br 29.552 30. 339 -0.787 -2.6
—kr 42.324  43.666 ~1.342 -3.1
=kr 64. 635 66. 682 -2.047 -3.1
5 74.384  76.386 -2.002 -2.6
H By 86.574  88.932 -2.358 -2.7
iy 96. 877 98. 87 -1.993 -2.0

HH 3R 1 AT, 38 0 28 3 BUE R AU R4S 1Y
7S B 450 26 504 5 SOk [ 12 ] /% B0HiE A8 2=
2%~3% i iR 2E A2, I, AT L
JI T2 SR FH BB AR i () IE A 12
2.3 BEEHRGHNRETIREGRITER

255 R FH M 1 TR W T R AR
EE AR, B A R P A D) ST Y i
PR E R Rk X i AT L 23 R
A BRICHEAE ABAQUS Hi) SHELL63 HLytiH
AP AR ) IR % IR AR LA 0. 05 m

k 6m b
1 1 o
3m
10 o
0.1m*= «m
d
©
(@) TH1 .
k 6m ¥
T 1 —
3m
0.1m1 —— ﬁ
1m
1.5m g
0.1m"T 8 Z
. - —
~
B |
(c) T3

(A TR BE AT 400 0, IS Rl 43 il 1 B

Xof DU 41 [ 45 24 3R YR 9 - A ot 6 03
FE BRI, A 0 - 1 P B
43 A0 T T oA 50 1 R e R Y 5 A Y B A1
LA, B R T D R

_Ed, ~E,l, (8)
El

K E 1 AR R AR  E, 1,
ViR M AW 5 B, A 32 TR 6 4 i ) 3
PEML 5 B, R 35405 TR 958 AR A% o A
1, =1, 5300 A (5 TR 95 A AN 453 477 T 05 4 R
AR

PG, S48 405 K7 DB, 4 493 Ak 1
PALE N E, = (1 -D)E,,

TREE A T ol B aniE 2 i, H
W, 0L T B ST s T 2 SR KPR
P15 T00 3 S B 45 R KAl R4 7 5 T
4 Ry LSRN S BRI, B R
K xFE) R0.1 mx0. 1 m, R R
(Kx%)M0. Il mx1m, T8 1 FITH?2
i D Ay Bl E N D =0.1,0.5,
0.9 = P fit 5 #& B, T4 3 M T 0 4
DA R END =0.1+0. 1,

k 6m b
1 T

3m

N
=

3m

3m H
1.5m ,1.,

|
w
aldﬂ[ﬁ R
~
S

B2 IRSE L AR A P

Fig.2 Damage model of the concrete plate



1084

Tk B B OR E eE R (A SRR )

%38 %

D=0.1+0.5 i EE, Lo, D=
0.1 +0. 1 KRR A7 IR A0 IR 35 03 19 403 4
HF80.1;D =0.1 +0.5 TRk 4
KR 0. 1, s 4 0.5,

3 B{ERUZ R B

3.1 {IBESRGIEG
DA 3 M0 4 R, AN TR 00T 4

1.0
0.8

0.6
~ 0.4
0.2

0
-0.2

013 2
343 lajm
S > 60 s/

(b)D=0.1+0.5, 1 Fr{R 2

2
1
5,/1114 560 SJ}“
(a)D=0.1+0.1,1F R A

~

PR B5E LA A0 (57 B A SR L AN 18] 3 ([ 4
o Hop s IREE LTS, iR BE AR
Vi A NSRS IR, LA ) 4 £ A
TRBE LRI B AL T LR Y, AR5 43 4K
DU T AR BE AR A 25 B (AR RS 25 B (S R A
FBA WA DX, DR ke il ol 37 RS A 2 1) L
BOF AW TR BE 1 U5 & AR5 07,
ANBEF S R e AR B A R HE

1.0
0.5

1.0
0.5

0 < 0

-0.5

-1.0

013 2
3475 Tgim
Sy > 60 s}

(@D=0.1+0.5 3B iR %

-0.5

-1.0

013 2
343 Tajm
S > 60 s}

(0)D=0.1+0.1,3F$R A

3

3 BOHREE LA AR SRS (T 0 3)

Fig.3 Displacement mode shapes of damaged concrete slab ( condition 3)

1.0

0.8
0.
~ 0.4
0.2
0
3 2
12
Sj’m4 560 15)]&!1
(b)D=0.1+0.5, 1B R 2

Sjm4 560 1 SJ‘“
(a)D=0.1+0.1,1F #z2

~

1.0
0.5

1.0
0.5

0

-0.5
-1.0

01 2
$A560 s
(c)D=0.1+0.1,3B R &L

x 0

-0.5
3 -1.0
3 45 1 Tiy
L 560 8
(@D=0.1+0.5 3B 2

3

4 BOREE LA AR (0L 4)

Fig. 4 Displacement mode shapes of damaged concrete slab ( condition 4 )

3.2 “HEBEBUNEBRGIRA

A FE S v IF AN e % I I 7 %o T
AR HEAT U 5 404, Rt 285 R
Z N AR A e XA RS AR A Bt R AT o0 e,
I3 it Z2 0O R R B - 0 2% A O A T R
Ao T symd /N XT T4k 454 1 A =
HARIFRRGIEE J1, EH 2E H symd /N
X RS AR AS AT A B RO I AR
e FRBOEL G /N B R i KO 48 g8
B T E A A A e, =,
X 20 o f BRI A 4 /)N U v AR O 4
P i B B v, DRIk, B R FH G R YT
gt T 1 ~ 00 4 IR &k A 217 45
Sl

NP AR AT DR EE AR A5 A v
WU, FLRE A% i v 3405 1 o7 LA R i 05 R
INISE PRI . T Al N AR e (e R
1, DT R AASHE | /DN AR AN 37 i A5
WA RIFEN, 3 A1, B N AR o T A
ARF A5 REASAR d- AU 10 X6 -t R A8 495 1
T M RS X R A0 R N T/
AR A 5 5 5 A BRE 1) 28 B A 2 AR UK T
X T4 o RIVHE DR A5 4 P 308 D0 S A e
TR, YRR A R TR
RO A5 A, ) /0N 38 785 o T AR 47 b 3L A
Ribi

T 1 B R D =0.1,
0.5,0.9 A% 1 (526 3 MBS B b AT —



%5 6 1]

FFREE BT T B HUNI A A TR BE L AR O UM R B AR S B 1085

HERTHUNI BT, T 00 1 B —HER U
PR B RBE LRI AN 5 FroR .,

PRI AT, /e 7 4 o JEE T - A A 5 5453 475 L
A RAFRRBIBE T , ARSI

3 2.0 8
1.5 6| |
12 . 1.0 4
) 0.5 L 2
20 2 0 20
], T 9-0.5 T q-2
-1.0 -4
-2 -1.5 -6
-3 300 —2.0 300 -8 300
0 200 0 200 0 200
200 200 200
400 1004 jcm 400 100, cm 400 100"/ cm
S/opl) 600 0 s)c /o) 600 0 JE S/ 6000 g)c
(a)D=0.1,15r$R & (b)D=0.5,1 Je (c)D=0.9, 1 #z#
6 ' 4 2.0
3 1.5
4 .
. 2 - 1.0
2o S o L 0'3
IS d-1 N
-2 ) Q-0.5
: E |
- 300 300 ~1.5 300
0 200 0 200 200
200 200 200
400 100 400 100, 400 100
/o) 6000 g jo Lo 6000 g jo o 6000 g jo

(d)D=0.1,3Kr R %Y

(e)D=0.5,3f R

(§D=0.9,3r #REL

B5 T HERsEUN R A IR SRR (T 1)

Fig. 5 Vibration mode of damaged concrete slab based on 2D discrete wavelet transform ( condition 1)
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Fig. 6 Vibration mode of damaged concrete slab based on 2D discrete wavelet transform ( condition 2)
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Fig. 8 Vibration mode of damaged concrete slab based on 2D discrete wavelet transform ( condition 4 )
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