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Abstract : Large irregular multi-chambers steel reinforced concrete (SRC) structures have been widely employed
in super high-rise buildings. and the bonding condition between concrete and steel plate is critical. In this paper, the
interfacial debonding defect between concrete and steel plate in a complex multi-chamber SRC column is mimicked
artificially. With PZT patches surface-bonded on steel plate, the impedance of electromechanical coupled system
composed by piezoelectric material and structure is measured. The measurement results of PZT patches in both
debonding areas and healthy areas of the interface are compared, and the root mean square deviation (Egusp) is
defined as a damage index to describe the bonding condition of the interface. Results show the figures of PZT
impedance in interface debonding areas are quite different from those in healthy areas and PZT impedance
measurement based damage index can effectively detect the inaccessible interface debonding defects.

Key words: Health monitoring; SRC column; PZT impedance; Debonding defect; RMSD

i HHE:2016-01-14

B £ 28 0 2L L T 2
BSTE R ARSI S VB H (51278185) ; 85 % 2% B 18 MR AR P/ e I

o2 Bk A e TURL AT B 4 BT B BUH (20120161110023) Fhy e AR D8 T2 0 168 10 52 3 g (1 S 25 A ST
EEBA G 72 B B L. AT DVEIPHRERE SIREE A G PERE. TR RBURY
NG I 9 I T T 5 T A AN KL 2 Jp B R TR R R A i T AR e, i TR
BEMES Y . E-mail: binxu@hnu.edu.cn, B AKAL S BRI A RO TR BE Y, DL R TR 5 1+ U 47 1%

2016 £ 5538 % F9 M 29



#HORF . AT E® AN F 6 RN AR E s AR @ R B B g e

?E]ﬁﬁin'?,%/

AR L R RE B 1 BE 5 IR R e PR T Sk Gk
Bt o A RE L TR RE A TR AR e T R
AR T 2 R R B TS 0 D) A YR 5
5B EBE 22 [ (1 B Y B A I R B R
o R FRBIA RN 2 0 89 15 TR B H M 1F AL e
P VR LATE . T L BT G Ak A A B
PRBRBE A% 527 35 X LR AT A RO I+ 70 R

UTAF R L T H B RS A b R TR A5 R A I rh A5 2
B2 N . P s H P ok 5 v AT ARG I 114 O v
BT B R BRSO A TR B A
FR) ST 45 45 P BE A A D00 O TR R A UK Y
T F, Pl R I e N /N 0 B R R A4 R O vk
SRR TAR R T AT R AE A A
W A A BE (19 1R HL B RS A A O A SR e
N0 A s R B T A A () ABE L 890 S04 - 14 AR R
BOHEAT o3 Hr 52 BN A7 TR R A 17 L T SR 40 £
P, VPR A R ) — T A U F T e ST R )
Pk 55 o3 M T O vk A RO R T B AR R B
RO VR BE L B0 . VPR A B X 6 AR O A
XA A TR LA A o AR TR R L UCORE T
RELA7C 32 I8 DA 2R 2 Js A 00 D) 9 A 91 5 - A £ 5 T
SR 0 T A R BE T AR G 0
TR BB B TR A 3 i) X T O R A R
2 5 B TR B A A AT S 7 R DL AR

5B BT RN L) 22 5 A B YR R A P 4 A
Y BE L5 YR I k- S T 18] 45 A IR Dl S I R R 4 i T
5 T TR R s s L B g R 1 BEL 00 14 5 i
R B A I 7 3 O a2 e B R e e Uk T O
bk T R FE R 2 3R P R
THT A 7% A Y 5 e A 198 ol e I )G T ) AR
P78 T B, HoAT E B TR I 1

1 HEBFNERNNERRE

JESEE 7 = N S R S E S A | B A S g A D
[vi) BB A 3R sl 2 A% gt . AL HR R A BEL BT 2 A
CEMD FI] I H oA R 0 W 00 52 22 10 g ML R
R o T A A 45 ) 1 8 405 R L R AT IR A . X R
e — MR R AR R HL BB . R R B R R
(PZD) B % v EAT BTN B . 76 EMI R,
PZT Fe o B % (14 Hi BH B 0 4 00 245 440 1) AL B B Bt
RS . I PZT J A P % 00 F B 4 ok iz e
S5 R P 540 T B0 I S BELJE 55 2 R R 1 el
AR RN R A . B — 2 AR L H R A A A, A
Ut B L BELE 3 2 A 6493 A6 0 ) S BRI 2RO
30 o6 missmom

2 AW % RE R E R AL HI R B IS

2.1 A

TR I G2 — A KA 22 i AN R U 5 B YR 1 A
B, R TR EE AR B 22 OB AR i — A
R AR I HLAE L 10E AL B BB T KT R R AR,
KE T REE W a2 A8,
T 50 AL P R R ST W 1 TR

(@) M RE
560
65 65

1200
0
1050

220,
N l

\ =3
0
e mm

520

¥

() i R
ES IR W g & S AR L & A THAN I =

22 WEBBAIRMAERERENIEZE

g ¥ AL, ST R B BB G A [
iR B - SR T R R B e, SRR AR IR
FEAN B 1Y T o 8 P TR 4030 B Bk b . A TR
15 - A B R R B L R B RSE 23 100 mm X
100 mm X3 mm F1 100 mm X 100 mm X 1 mm ., & 3
S N TR s Sk B A5 B AN 2 Bs .
23 EEBEERSFIFE

PERSFH 15 mm X 10 mm X 0.3 mm B FH i H
CIE SRR A () — DD J F, B 8 Rl I /e A R R
PGB 5 TR M & R PR AR . R4
PZT F 23 B K A G A BT R T AB 2 B H R I
TEAN B TR EE LA R 1 B9 i BE 46 € 7 . i bg
B LA SRR 0 s r P B AR AR I 3 P

SR HL B 2 AR AT RO HPA192 A K % BH B
S3 AT ACHEAT BELBT I 5, % L Bl g JBE B2 Xof R3] 43R 1Y
S L N A% SRS 5 B IR R X TR 0 RO 0 R
B2 Ay~ A 3R R I T 89 B 2 T B s L B o



#HORF . AT E® AN F 6 RN AR E s AR @ R B B g e

?E]ﬁﬁin'?,%/

[, 115 |, 190 | 115 |,
1 1 2 il

|—

Ae A12 ’ ~
FIBSBE FIBEE o
100X 100 X3 100X 100X 1 =
A A : -

g
|—r
A-i All} ’ O_
To B et -
AL A : =
=
Az AS O_
=
- sl
s (|, A || FESRE L

100X 100X 3

100X100X1 o
=

(— mr

i

Kl 2 B N TR B EpE DL N PZT b % R
(A NA12)%EE/?\‘%’$\

(b) JEEE G IPZT I
B 3 RENERERE R AR

3 EEBEHMKAE

RAJU G511 R 3L L #8 B BELB 7 v R FH AR [R] 45
RAES X400 B BRSO A R K X5, BF5E ¢
T 1) 5 T8 R 5 e o JaE T A VR R A P S A T 1Y
BRBE BT SE I 2R ) B AT X AR R e B
Y HL R 5 BT (E EL B SRR i R B . il T U
B H Aok i TS 3, PR HRE SR A TE A B
ARG 1 A28 X S5 R R AT A B ik, R B e
SY BT, X T84 B - 0 i H P e AL R A PR
PUHEATIN A S8 T A 2 AN s BELA7 it 2 5 38 BBOx
5 P S PR AR P AR B L T 5 T S BRI 1 A T 3 R
RN T AR %N 100 kHz~500 kHz, I & 4 %

AR BT kHz; SABLBE A 8 000 kHz~12 000 kHz,
W AR ALK B 10 kHz,

4 RBLERSHH

TR R DN A5 0 B #E AT LA o A . e
R I A 45 B AR AL M S B R B R R R
3 mmAb XJ I 4 B AT 45 R AT 3 B, I 6 7S B Y B
prihZean i 4 froas, I 4 T LLE A F Jo i
B R AL 0 R B B R (AL VA VA T A )
MR AS A B G Bt &L P2 E G H
At J3E o7 1 A0 00 i A BEL B it 46 be RO .

350 |
300
250 \
ézoo
150

100 200 300 400 500
(a) 100 kHz~500 kHz

10(;00
i/
(b) 8 000 kHz~12 000 kHz
B4 REBERGEET PZT b % ik g5 5
(BB 3 mm)

T ] B I DX S8 A ) BELE Y 2k 5 G ) s ke
et B4V B AR 0 A5 4 LB R ZR A HE L 100 kHZz~500 kHz
AR P i 2t B B 2 R e 5 Ao ) ot
e P HIDNa T, O WU S8 7 AR R IR
IR I, 7E 8 000 kHz~12 000 kHz 45
B PR N T 3000 0 0 /T 63 AR {1 T o7 A3 2%
RO G . 38 A BE BT o i 2k R, A T 42 0 e o B A
TSR] 25 R P 57 . FR e T R B L 3 R R BE AT
I U 52 2 KA 2 1 B i T W 0 A B i B AL T )
BERBE R AT AT

5 #pEtR

R T T5 BIRRAI 22 (E wus) S WES5F AT SR B IX 38
I A5 5 T R I XS A LT B A R L . E so 1T A

2016 £ 5538 % F9 M 31



#HORF . AT E® AN F 6 RN AR E s AR @ R B B g e

?E]ﬁﬁin'?,%/

PO A5 7 L Ml Sz e A I 00 A5 3 194 4 bR 2 ) L
o2 Z 1] #1422 50 . B E s B 85 7R 5 M 52 B 1 3%
SAE S B3 0 A B R

7 ¥R 22 e S

DYz -0y

>z’
Ao N SR I G B T B A R B ECH s i
WA BN A ¢ DR ZE R T AR S
PR ZS BYTE (BHPTBED s Z0 M2 1 A0 5 Y ik
SRR BH BT AR (BHPTAAED

I CD T LA 25 450405 o7 5 fdt e o 2 1 L
U 25 5108 R, 04504 48 A B R . 24 R A Y
E rusp &5 R /N T 5 00 B AR B R G 1 b N R
JECHE, ] LA CA 2 0 3 s e AT #5205 . o A R B A
1 B AR — A 000 5 48 T P TG 0 (R AL AL 3 A
G5 L 107 BE AE 2 R i de A RO A 1 1E .

AN RSB B B PN RE ) B R E raso (8 T 25
WA 5 fras ., m R a] 2, Bl g X A7 B Al i AR
BB E s (H AR FE 10 %6 LA 15 Jo Bk B X3k A7 & Ab
W25 E s TH /0T 526 T LA A 2003 a5 19 437
B R .

x 100% ¢D)

Equsp =

Al A5 AG A'I All Alj_ A2 A‘J A4 AS AQ Alﬂ
(b) F%EL

P S AN T 3 B ) B DA B S B BB E ey 51

LB E s [EL AR X RO B 2 R AR 22, DLW
o A0 BELATC A7 5 %o 5k o S T R . T Bl s DX Bl 7 Ak
WAL Exvso H¥E/NT 5%, S5 RRY . B E N
1 mom R B A0 FEEBE O 38 mom e B A0 X6 7 A% 2 4%
F E rsp [EL 4T Bd BT T BHL ST I 4 A9 5% T a6k s 40
A3 7 3 ok 5 T R I AR, — ELH B/ Y
G ) B 507 RV RE A BELHT 0 5 2R vh A B AR B

6 #it

(1) 5 54 B i [ S 2500 e, BEL 0 0 2 {1 1 1
32 oz EsssEom

ARAE 38 5 o A H B BELT 2 PR mT AR A
e A R B AT AE

(2) E guso LA D 45 473 45 5 BE 6 AR 4 M S R 13
IR AT O . 7 I B S L A i B 7 B
1 E rasp (EIITE 10 %0 LA _E TE 8RB AL B S E rso
HIITE 500 AR o E wwsn 5 3R AT UAT RO 0 340 85 454
&,

(3) JEEHN 1 mm Ky EFE AL FEE N 3 mm )
e B AR S N AL S AR E sy fBL 4 3T L D8 W17 125 %) 4K
ZINFRY B TR e AR

SE 3k

C1] Fsl, 220K R NI, 45 36 F JE A P % A 0 45 T Ok £
FER B B 5 IR B oE [T ] K TR 24, 2012, 45
(7):86-96.

(2] PR e vl B 5 0 0 16 YR B 1 4 e R s ) R
(DR « K % BT K %, 2000.

(3] MEF1.25% 5. PZT 1 EMI HAR 7 £ A& TR 4 B s il
FRR T 5 e D] By 9 IR AR 4 4 2006, 26 (1) -
102-108.

[4] XU B.LI B,SONG G. Active debonding detection for
large rectangular CFSTs based on wavelet packet
energy spectrum with piezoceramics [ J ]. ASCE
Journal of Structural Engineering, 2013, 139 (9):
1435-1443.

[5] XU B, ZHANG T, SONG G, et al. Active interface
debonding detection of a concrete-filled steel tube
with PZT techniques using wavelet packet analysis
[J]. Mechanical Systems and Signal Processing,
2013,36(1):7-17.

(61 ¥, vk, J8 55 38 TS0 0 b1 R 09 39 45 TR 3k 1= 7
T e B A L) ] F HL 5 7% 96,2015, 37(2) £ 337-341.

[7] VPl 289 855 S5 R T R L R 19 8 %0 1R
BE - BB AN L) ] L 5 5, 2015, 37(3) :489-496.

(8] Pk, MR4 f5 . 0 7, 55 56 T o BT 1K) 409 48 i A
A A B B A T [ . #5575 06, 2015, 37 (1)
172-175.

(9]  VFwl, BRAF B, A st A, 45 B T J v BT 19 40 80 TR
A BT e o A T 5T (T DL T R 2015, 44 (11
117-121.

[10] LIANG C., SUN F P, ROGERS C A. Coupled
electro-mechanical analysis of adaptive material
systems-determination of the actuator power
consumption and system energy transfer[ J]. Journal
of Intelligent Material Systems and Structures, 1994,
5(1):12-20.

[11] RAJU V. Implementing Impedance-Based Health
Monitoring [ D ]. Blacksburg Virginia: Faculty of
Virginia Polytechnic Institute and State University,1997.



