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Abstract: The concrete-filled-steel-tubular (CFST) structures make full use of the advantages of both steel and
concrete, has superior mechanical properties, and has been widely used in high-rise buildings and large bridges.
However, the interface debonding defects between the steel tube and concrete can have a negative effect on the
structural mechanical properties. It is important to effectively detect the concealed interface debonding defects, and
this is easy to implement based on the same side piezoelectric ceramic sheet driving and surface wave measurement.
In this paper, in order to demonstrate the feasibility of the surface debonding detection approach and to investigate
its mechanism, the CFST members with different interface debinding detections and PZT patches as actuator and
sensor are numerically modeled and analyzed with ANSYS considering the coupling effect between PZT and CFST
member and the piezoelectric effect of PZT patches. The numerical simulation results show that the signal amplitude
under the interface debonding defect conditions is larger than that under healthy conditions, and the damage degree
is positively correlated with the signal amplitude change. The larger the damage scale, the larger the signal ampli-
tude. The proposed method for detecting the interface debonding defects based on surface wave measurement is ef-
fective.

Key words: piezoelectric ceramics; interface debonding defect; concrete-filled steel tube; guided wave; numerical

study

0 3% TSI T K AR A1 2 L ) IR B b e I A

SR SR A B T AR e R T A ER AR RO TR 5 A A B 7 45 I
B TR R i S R R Pz P BRI RE A v B R B o ) (1 1T
W T 2 SR R BUAR b, SRl TR BE L BRI BB L I il R 2 R e H 1) 55 40 X R B

Y %5 B #9:2018-04-05

EETH:EXARB¥REZRESEPRGER) AES KRS EHTH (51261120374)

YEZ B R 1991-) , 53 1w T BN A0 = 2, 32 A 2 3 F R e P 8 A 45 A 3 A A T A B g . VRt (19720 LI dE RO L AR
U W A R A R I B T N R A A b ek L W IR 4 O



%13

MR VRS T T O PR A A e A T ) A 0 A AL 0 A 81

O 24580 WAT IR IS 225 4 0 2 Rl . X 0 5 TR 58 -
I 4 T 0 A A ROR 0y T,

SIE 4 X0 5 T O 4% £ A T )
o 27 25 4 o 7 DR W TR O o
AT H 5 S0 A 160 00046 0 A0 7 3 i
F91) 520 PR ML 95 ) T LT AT . 4K 9
05 UG S o, P 25 P 0 04 B s
13T W B 5 IE W] 7 55 T ofs Vi 5 05 00 25 g e
B J7 s R TTAE WR E  R R A
S TG M % 0 3 1 0 TR O A
BB T 0 7 5 1 BT T BRI . MR A R
FF VI Fh BELE 246 D0 T 0 9 - 45 ) 9 T I
VI T L 2 A D 5 e 1 L 22 K 2 4
PR I BB AT T B BR T Bt TR
RIE B A L BB AT LA I 3
Ty LR BFFE T ARGS9 TR 00 15 LB DL 4 00
UL T TR BB 4 H B

AR 00007 T 25 58 00 5 T 36 = 0 00 99 A
K2 DR U o, W 5 303 05 30 £ 8 £ 34 5 B
B 0 0 5 TS5 8. A SCRL I ANSYS 5 BG4
B X 0 e T T OO0 U T o P
F HEAT 6 T D0 19 05 TR0 R T B A
W7 T B T AT REAT A0 0T o 7 % 1 P 2 % T
FhL 5 0 TR B O M0 A A (LY
R T 2 D O 0 5 VR - 4 e ) B
WA R LI, F L T 50 R [ 7 1 2 5 e
T B 4 B A S SRR S T 4R 40
P 5 - 2 8 ) U0 O o, W 5 P 7 1 30 it
95 YL -1 ) R R 7 2 0 T
1 AT xmBE N RAwmF ek éaen

i
L1 BT SR A R B 4 ) 32

7 T 5 v 8 ) e 2 7 A U
VTS 25 B0 3 28 3et e £ 4« DA T 9670 4 % 44
B 0 5 8, X0 35 15 97 0 17 3407 B 2 75 7
TE BB RN L A SCRR R 7 504 T 4 1 £
P8 40 A R L 7 () 00005 4 T A L R
R 48 P e £ L IR 1R T
T 20 1 P P B RS F A E  R Eh 58 3 T
T P s B B AR e B 7 T o o P
WO A LD 55 F LU b M RS B b
B 2 3 5o 40 B 15 5 W (A0 5 f B T

{5 S W AR R AT A, Xof 5% T %) 8 ke o 0 A7 ARG
F, mb3
s

R

P 1 T T U A A 0 VRO b ) 3
1.2 HmESHER

TE N 7 P A% 2ok 7 v 2 7 A RO, HEA% 1
LT Bl S P AR ) AR T AR AL . 3 R PR RS A Y
BR E5 LA 45 A5 HT G R e VR A ORI (] B A S
025 VA DT B ST T R 0 ) R . H DL B 7 eR
BORD T E AR CREE VR A,
A SCR BT BT E A 10 JE 3 IE 5% % TR S B )
fF o #HATINE AF S WIRME 10 VK20 kHz,
BT R R R AN

V() =5« sin(2nft) « [l——cos(Zng>} 25
A N BUNAE 5 WA 5 0 gt (a]
2 WMAEZRAKEMKEEAER TN
2.1 EHVHEBERSE

A SCH s H LS 5 20 B 1 e H 5 R

T = ¢S — ¢'E
D = eS +¢°E

e’ eve 4 HI A E & BT VE R B NI EE
JE LR )R B i S L B K i e O E E N AR A
AT AW EEOK T 0 ik ;S AN AR 5K & s D
FHALH  E R

TE ANSYS A, 5 A Fs L B4 R0 5514 W B2 A [
C I H BUR 5 ¢ MR N ) B U e AR5 &
CERVIN % e SESI A B W N e o S 1 e
J FL P R AR AR T O e AR Ak T 1 6 Y
FH A
2.2 EHOWERMNET

JEHL A3 B Al ok H AR A B oc A SOLIDS, SOL-
ID98 F1 PLANEIL3 %, X 2L oo &8 2 A L K A il

(2)



82 E B 5

= 2019 4F

JE PR mT DAAR O 8 0 AT TR B AR .
SOLIDS5 il SOLID98 Jy 52 4 ¥ 5¢ , PLANE13 4 5%
T AT . AR SCR T A BR T 43 A k0 H B %
K PLANEL3 B0, % R (4 3 44 45 #4 ) SR A A B
AR [ BB OC PLANEA2 SEFTRLH

1) Mg % B 5B af R 25, S R 4y 1 2
JE LT B AN R R SR ARG BE . A% ] 43 K % 3
SRR A o T B B ] o 4 s A 43k 20 DU 53K
JER R v . D A R T R
— 7 B EER By B ) 5K Y 5 A R A [ A
WA R Ry

Anmin
1 < 0 (3)
U BH R A 7 [F) B 2
1
At <
20 fmax
=

L.

lAzg C,
A L AR BT S R 5 A W I 5 f i
R T AE 5 R B KB s Le i A B /N R 5 Cy
R D

[F] B o Sy {67 s P P 5 A% B A0 B AR 4 BAE 5 L B
A4 A

T>VUX (5
A T BT E B ] s W o {5 5 SR 3l 45 1%
G BRI B I B v M.

SO, AR SCHECM A RS 2 mm, Ar 2
2.5 ps, BRI H EATE 2.5 ms,

2) BHJEBEAY . A SCR 58 4 Bk 2 8l 1 43 i
ANSYS v n] FF 58 4k 25 3l 1 43 B i 19 BHLJE A 2
WA EE LS AR E 45 . B TR BRSP4
AR5 R R A SRR o FTS RIS F K
MOELBEE B. BABHBELJE WAL 5 A4 kLA WIEE A G . 3@
B AE ANSYS fobt ok} BH JE 1 5 B B JE A fiE [F] B
X i v B 22 FH T 45 7 0 B AR 23 A, 1 A kL BE 2
W 22 TR 4 o3 B ELAS A vb A0 2 22 Rkt B A 20
ARG A A AT B A A A R TR B A PR D A
BEBOR FAORBETE . AR E 5 XR

_ 262G
B—wi onf (6)

e & NS © BB RE R T LIS L s o) SR it N 72 5
i FRERE LSR5 5 1 R

AR SCH AL R ARG BELE L IR0, 000 2, TR BE
AR RS i BH L 0. 05,

3 MBS, TR E R RS 4y 25 ]
43R PZT-4 PZT-5 1 PZT-8. 4% 78 & 1t A 18 & ] 43
R GE EiVINCUR7) EIUR STRC I R N e A DE N R
FoR AR gE R PZT-5A FEH % R R SF R 15 mm X
10 mm X 0. 3 mm, B S5 UE 1 iR,

&k 1 PZT-5A ## 5 #

dss/ da/ - . B/
j!% N " 5313 /Eo ‘(E *’L} l:[ﬁ . .
(pm/V) (pm/V) (kg *m %)
PZT-5A 450 —175 1 800 0. 35 7 600

B R Q235 4. R BE R 0 B SRR
C60 MYTRBE L . NE S5 IREE LAY ) 22 M 6E 7 S
Nk 2.3 PR
2 OWMEM M
MEZAFR TAMERE/GPa AR #E/(kgem )
W 206 0.3 7 850
%3 RELAHER
MEZ R MR R /GPa AL #E/(kgem )
R EE+ 36.5 0.167 2 100
4) WEREE LA B . AR SCREHUR Y
B R BE LA F RS 400 mm X 400 mm X
400 mm , P BEJE A 4 mm, @il BRI A
H 5 5 B 15 R 7 0 S7 T Y OE PO AR SR BE
i 22 LT AL S Bk B RSE 23 5 28 5 mm X 50 mm X
100 mm.5 mm X 100 mm X 100 mm 1 5 mm X
150 mm X100 mm, BELFERE RN L, 25y L=
50 mm.L =100 mm fl L=150 mm, JE H [ % K i
FEL T GBI 5 T s B R P 150 mm 9 0 B L L TR
XFFR A H — AR SR S g R E S 5 — N E
AR IRAF R WE 5 o R L8 M 3 A g LA T I
H, P T B R B T A T AT 2 TR

150 mm

Ex IF_'I
g2y 7 .
s|g |
TIRY Ll

150 mm

| 100 mm |75 mm |50mm| 75 mm !JOO mm_ |
| 400 mm
(2) L=50 mm{k 4




%1 M WRAE - R T 3100 i 0 5N A RO S I8 ) R AR 4L 43 A 83
— e
g
{5} ]
L B | . -
8l L] (a) =50 mmit i () =100 mmG
" —_ — W%zs s
E ftitd
o | 100 mm P°™® 100 mm O™ 100 mm |
400 mm
() I=100.mm LI (©) L=150 mm@t (d) FERE T
E3L) 3 3 s 0 R f B a0 i A 14 A R e AR AR
§ 2.3 ESHH
= 2.3. 1 B )W AE N A TR EE 1 P AR AR
Eg" [ 1 T o B 00T HE S T 5 R AT U
S|Ex S = B HEAT U H AT 0 U 4 A R T o B A7 S A8
% e : BE . LA L=50 mm K5 T 050 g i ek BE 100 0 Gk
g TN IR EE A N I AR 4 iR . B
- LRAFIR N W 2. el AT 0, B U A AR
- pr— pr— & UL BTE AT 5 04 5 = ) DU R A 5 1
100 mm | 150 mm 7| 100 mm .
U L ANS';‘Vs%
400 mm ™ fa i
(c) L=150 mm{kpG
:
g [l [l
g (a) ft FE T3
s P A
o | 100 mm | 200 mm | 100 mm_| o
! ) 400 mm J I
(d) fe e T
B2 fERE T A K 3 Rk is T o0 T R b %
F B B Y A

AR S B9 8 TR O R A PR T AR R SR 4 A B
JCAT T » BRI TR 6 R 1) I v ) 8 R — [ s 2 2
JE FEL B s e R B Y ) T AT 4 BT T TH A B TR
AU PO JE PR 48 4 mm JE P8 E, A 396 mm X
396 mm [ 1% 0 T BE 1, H R & R F R T
10 mm X 0. 3 mm, j# i #7 2 X5 Bz i AR AY TR Bk 1 5
JUASE AU A T B B L R B B P TR BE X 5 mm, 3 Fif
B L0 K fdt B 00 i R i A B oo B R 1A 3
FiR .

o —oeums “oozre o Torere
. om-os

sunshang

B4 e TR0 B G T A TR R N Dk AR AR
XF H & B A 00T A5 5 101 i U (L A5 B 220
Ha, A% J g T AE 057 BN A8 B K 3 2 0,003 8 Pa, il
BB LU0 T A 0,020 3 Pa, REBRFE AT , [F]— &
A — 0 7 I B e R T f R A 16 W 2 R )
I3 K I B I 28 2ok ke B [l B AR R AT T AR
2.3.2 ARG RRE R M
A% L=0.50 mm.100 mm.150 mm 4 F T
0T 2 TH 5 WG T P AR S 1 H UM 5 I R i R AT



84 E B 5

= 2019 4F

P, sl 5w

4

A5 I 3% HL R /mV
(=] w

|
w
T

|
ES

200 300 400 500 600
i E) /s

B 5 ASTE] G RS e m] i e A il 2
ENSIICIE IR S N3 VR ER=d PR EN N
25 IR AR SO SR G 3k T 2% T I 0 0 9 TR
T 5 b T R S B B B AR R RS I VR A B
BIRE T O B IR R TR TR Bl S
W L5 2 PRI oAy 44 3 1T U A% 45 2] Bl 574 Ak B 8 3 6614
F BT AL B L BB JE HE /N TR B B R HE R
T A EG S T TG R B Y T N R ER A ik B RHLE
FO A /N B A0 A5 A% 4 R I o R D1 it (B K
R A A TR 5 A T R R RN S B
2 T AR B A B 5 e 5 (B T 00 F A% 1Bk s
FEMAF 5 W A ) Lo ABLAE R S T 458 43 48 b B
LA
Ay
A T A WAL bR s Ao R 00T U
FUEAE ;A AR BREG T 00T B 0UE S iRE. &6
RASTE] T BT 2548 B AT P64

S
—_
ol
(=]

16
=12
3=z
E 8
E . I
ol__mm [ |
0 50 100 150

L/mm
6 A JRl TF SRH AR A5 48 bR

1l 6 BT A1 S50 5 0 46 A 5 A5 A 4 45 R B Y
K ZR AN TR BB 1 B v R R R ™ B B HE AR
R Hd, I=1 FRoRGMA TR, I>1 %
TN G AEAE R A
3 Hib

A SCHEST T 25 FE R R AR 1 e Hi A B 5 4
B SS ARG AN R G R A PR OCA AL, 7
FH ANSY'S X 8048 T 5 144 14 £ [ 4 S0 0 1 v B
B R AT B TR B A T 9 LR R AT T ORFAE O
HENT TS BB bR A 2 AL B Tk R
H5HGIARIEM LR, RGBT .

1) RN AE AN TR BE 1 v A% 15 i 38 31 5 w1 25
SR s ol JF 1) YR BE - AL AR 10 1 A3 U/ ) AR S T R R

BELJE 55 /N P 9 28— M0 A 40 o 2 T 9l ) WRR (3
2) Y [F) 0 A1 v B R ) A A AR IR

5 1A IR B P X 45 R T B T R R R AT A
3) ARSCE LT FE AR b SR AR bR S

TR B 2 A 1 L T A0 0 AR T AR OG0 1 4R

T B R e o R ™

e ¢

L] B2 1k, o 32 8 T A 0 I v B R 1 4N 48 VR o6 1= 3t
T BR A AN LT ], B 5 406, 2015,37(2) - 337-341.
CAI Ping, XU Bin, ZHOU Yu. Experimental study on
interface debonding detection of concrete filled steel tu-
bular using surface mounted PZT[J]. Piezoelectrics &-
Acoustooptics,2015,37(2) :337-341.

(2] ZE4RSR. 1Pk, BRULSS. ST 30 & 40 TR 3 41 & 25 4 1
JIEAE RS T B s [T ] AR ) 24, 2017, 34
(2):145-152.

(3] Vrsk, RAS B . b A 55 Ik 1R BELBT I 49 45 1R 8 1
AT e s G [ . i T R L 2015, 44 (11)
117-121.

(4] Vs 220K, RN ES , 45, 25 16 W P 8 0 B0 A TR U+ 4
FIEBOR PR L) ], K TR 24, 2012, 45(7):
86-96 .

(5] BZUgRE. B T3 o0 ik (9 S 0 4% 35 AL 30 3% 465 4 5 3 3R )
WHE D], b . 1 ACH KA, 2012,

(6] falfe & . XHgHe R Bt . 55 45 18-S IR ) b 4% 2 4 4
BERCRER MR L) DL 6o Tl K224, 2004, 30
(4):393-397.

(7] ZEE-F. ANSYS BOAERIL 3 A 22 4 B 4 v iy I )
[J]. A2 AR ,2007,26(6) :1279-1289.

[8] GAZIS D C. Errata: three-dimensional investigation of
the propagation of waves in hollow circular cylinders. 11
[J1. Journal of the Acoustical Society of America,
1960,32(5):573-578.

(9] k. 45t 8h Jp % LM db . S 0H Wt
2006.

(107 skr 4 fE DU, T A Ae 45, L o A2 0 0 40k Bk I 2
JEHLERWF T [T ], 3 DB LR 224 4R (B A FH%) . 2018
(4):107-110.

[11] NASEDKINA A,ALEXIEV A, MALACHOWSKI ]J.
Numerical simulation of ultrasonic torsional guided
wave propagation for pipes with defects[ J]. Manufac-
turing , Physics, Mechanics and Application,2015,175;
475-488.

(127 4% ik, MRk 12, 45, 36 1 Ul 75 5 0 19 48 38 B s
R BCE AL ], i 5 756,2017,39(3) : 462-466.
PENG Fen, XU Bin, CHEN Hongbing, et al. Numeri-
cal simulation of pipeline defect detection based on pie-
zoelectric ultrasonic guided wave[ J]. Piezoelectrics &
Acoustooptics,2017,39(3) :462-466.

[13] XU Bin,CHEN Hongbing, XIA Song. Numerical study
on the mechanism of active interfacial debonding detec-
tion for rectangular CFSTs based on wavelet packet a-
nalysis with piezoceramics [ J]. Mechanical Systems
and Signal Processing, 2017,86:108-121



