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Abstract

Steel—concrete composite structures are widely used in high rise buildings and
bridges because of its advantage of bearing capacity, seismic performance, fire
resistance and convenience of construction. Debonding defects tend to appear at the
interface between concrete and steel due to lack of quality in construction or the
shrinkage and creep of concrete, which could led to the lack of synergy between
concrete and steel and further decrease the bearing capacity and deformability of the
component. Therefore, it is essential to accurately assess and diagnose the debonding
defects of steel-concrete composite structure. While traditional Non Destructive
Testing methods can hardly indentify this kind of defect, Air—coupled Impact
Resonance Test using microphones is proposed to diagnose the debonding defects cost
effectively, rapidly and effectively.

In theoretical aspect, the region of steel slab or shell with any debonding defect
is considered as a small slab or shell with all the boundaries constrained. Based on the
natural frequency formulation of rectangular slab and circular slab with all the
boundaries constained, the natural frequency of debonding defect with specific
geometry characteristic could be estimated.

In experimental aspect, two specimens, one steel-concrete composite slab
component and one concrete filled steel tube component, are made for the
Air—coupled Impact Resonance Test. Two same groups of local debonding defects are
made by foams sticked to the inner side of steel plate or steel tube, while each group
of defects contain conditions with different shape and different areal. Hammers are
used to stimulate the vibration at local debonding defect area, and the microphones
are used to collect the following sound pressure response of vibration at the
hammered area. Spectural analysis of the sound pressure response is carried out to
compare the frequency spectrum characteristics between the condition with
stimulation at decfective area and intact area. After tentative test that determine the
relative position of the exciting points and microphone sensors, Air—coupled Impact
Resonance Test is carried out to figure out how the frequency response function of
sound pressure is affected by the areal, shape and depth of the local debonding defects.
Modal test is carried out to further ascertain that the impact resonance test based on

microphones could accurately reflect the vibration information of the local defect

v
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plates and shells. Imaging test of specific defect condition is carried out using
microphone arrays, which shows the potential of Air—coupled Impact Resonance Test
to be applied in engineering.

In simulative aspect, the sound pressure field of the air above the impacted
surface with or without defect is simulated by means of explicit dynamic analysis.
The sound wave signal caused by the vibration of the steel plate or shell was collected
and compared to verify the feasibility of Air—coupled Impact Resonance Test. Natural
frequency of each debonding defect caldulated by modal analysis is used to verify the
authenticity of the experiment.

Four types of commonly used Non Destructive Test method which aim at the
same two components is used to compare their ability of imaging the defects.
Advantages and disadvantages of each method are concluded, which shows the great

potential of Air—coupled Impact Resonance Test method in the future.

Key Words: Steel concrete composite structures; Debonding defect; Microphones;

Acoustic test; Spectrum analysis
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2.9 AR TR ER FR
BER AR BR N AR BT w=w(r,0,0), KALFHRE B ks 28, Bk B H R
1 22 73 P T R 5 O

2

DV>Vw+ ph ‘; -
t

=0 (2.51)

=

Hra DR HNIE, D=ER/120-0*), h AWK EE.
KBTS EFERBX— TR, &

w(r,0,t) =W(r,0)e’” (2.52)
R (2.52) AR (2.51) 7I45:
DV*V*W —k*'W =0 (2.53)
Hor
gt =P (2.54)
D

A (2.53) BRI BLAH DL F R RIA

> 1d

(d—+——+k2)Wl=O

dﬁ Idr (2.55)
(st ——— k)W, =0

dr*  rdr

X (2.53) KIEAW SW,K&EHE. EEEER, S8 DTz =k,
ATz, = jkE (2.55) B

2
sz/l 1 dW AW =0
le Zl dZI
d*w, 1 dw. (2.56)
22+ 2"‘VV =0
de <y de
7E b 51\ LS8 7R 7 AR 0 A 012,

2

x2%+x%+(x2_a2)y:0 (2.57)
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TEAE A bR BOBK AL AR R SR AR 2% 07 FE ARy oy FE R, R oy B AR B
ORISR AT DUZE R 7 2, i D1 ZE 7K bR 330 A R A A ) e W A% 1 . ok 3 5 B %
FE 1R 207 (1 I 7R 4 P 2

X (2.57) BIETCIE WIS R BT R IR, Fobs R ok 2Pk oy DL ZE 7R oR 3,
FESZRR R A, o B N EE R, BRI ARIZ T RR AR A n B UL ZE R R 8

X (2.56) FHIBHAFTELNEFNAE NERTEORERR, R
Refd, Hr—NRJ(2), BRAEMAE TR KA (BPEE — R IUERKED 5 75—
NN N2, FRNENAR K SRS (BPEE Z2R R « TR BA

PN BRI 26 1 2

W(z)=AJ,(2)+BN,(2) (2.58)

FIE B 2 KB N, () B EAEE RAREIRE, 2 z2=08, Ny(z)>x,
1% T AR IR B AR, LR AL IR BN R A BRI, DN T8 AR B 02 A [ AR IR 3
SRR, 4 B=0, #al (2.56) MR URRN: W()=AJ(2), W Al
W, i BAR R R T LN

W,=AJ, (kr)
W,=A,J,(jkr) = A1, (kr)

Horf, 1 (kr) RO EBY R A VL ZE R R, T R % A DU JE JR bR T LA
W E R KB R Ex L EBRmA . X (2.59) AREREW R HA
e, H— R KRN

(2.59)

W=AJ,(kr)+ Bl (kr) (2.60)
XYY Na, FARBELRWEICR, HAR3NHL R K4
(W)(r:a) :0
(2.61)
(aa_W)(r=a) =0

B LR U A RN (2,600 , BEFA.
AJ (ka)+ Bl (ka) =0
—AJ,(ka)+ BI,(ka) =0
Sl J,(ka) Sy R VIR BB 1, (k) 9 B R SRR DU AR B e T
LR AG BRRRNNE, HRMTARAE, U

(2.62)

Jotka) LRI _ ) 1 (kay+ 1 (ka) T (ka) =0 2
) (ka) T (ka)| o(ka)l,(ka) + 1 (ka)J, (ka) = (2.63)
A eR B ﬁﬁ@lﬁ#/ijﬁﬁiﬁﬁﬂﬁ WE2100 7w & ERITIERR
u=ka, Wu=ka, w=ka, ..., p=ka. fi#xX (2.63) 1§ 4 =3.20, u© =630,

=944, ... Hn>30, WHIT Uﬁﬂn—nﬂ%ﬂ*
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Jn(x)

0. 84
0.6

0. 41

(9] X7 T T

-0. 2

0. 44

2.10 FENERERHE
Fik, B (2.54) 7718, ¥R Na, FT5E4A 20K E BT R 30 500E A

XA
h E
o, =+ . (2.64)
dra - \3p(1-v")

¥ =320 50, SRAGIEIBAR B ) — B S 08 -
o =4 hz / E 0.467£2 £ (2.65)
4ra” \3p(1-v ) pl-v %)

6.30.,
=ty g, (_) w, =391, (2.66)

w,
=N
( )a) 8.75m, (2.67)

S~ H?’UFH‘RB‘JT)EKJJ*E%‘@U B B 24 452 05 RS AH EE AR S K 3 — 58 2 L I
A Pk - T s 1) SR A R R A5 405 AR R AT = B RS RS ERIE T S AR
BRI RSN, H BRI AL R (2.64) KAk

2.3 KEING

AEH J AT BN A T RE SRR Bl I 45 A R A B AR A R, R
AR I, b [ e B R N AR IR 0 e L AR L b . R
R T IRE S FE NGV B RS A, Wik TR T ARG
RIS 70 A PR, R WM 22 7 A% 4% BEAT 3 1 75 IR A5 5 AL 25 70 #r th ge Tl 45

MRS IR KR . BJE, AT 7R R 505 5 B R R R

D3 100 B IR AL TR A, B DY 2 SR AR AR B IR 2 25 DY R 24 SR [ AR
BRSR AN ol k, WA EIRSUR 5 AR VE . P i RTS8
MK, ZHREA A0 RS QR w54 5 05 00 1 B R AR A T
fH
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£3E WIRARTEA G 5 XoRdHiRil 5

3.1 Z X iRid e R R

X TR 5 - A &5 ) R A R D T IO S A A B, O S A 1 B AR B 5 ET AN
DY S P35 A TR SRR A B AR S AR R . 0k VR Wbk - M 7S 5 S R R A 2 T R o JBk e
JIUER B, IR [A) 23 Rt B PR U . T KT A R T 1) O 4% 0 A e o ik e g
PRI, TR G 2 DX 3 AR e 32 A I e D BAE R, R O AR RS I AR B e R
FLme B 7E SR AR 5 0 AR AL 43 B R

T 25 W IR IR 20 78 B 3 2 SRR = AR A AR O, DRI R DG I 7 T A U A 4R Y
WOl S B RAS S, X RS S AT o i AL B, A R R R T B AR B 1 L
PLR I 45 0 R B AFERL S 07 8, AN RE 4 A 45 0 8 R A Bt 2= B g g
P AL RS2 AR AT, E R EEMEL T, RIS KA S 08 R
PR, DA JE 30 B0 25 AR S BE RY  HR Sl R s AT BN A R A5 ) RS A R

AL T T — YU TR B 2 A O S — B R M, R A
WA F BT TARI RN TR BB 454 X3, P AN 0 40 0 Tl R R — 2
FIF 75 B St A A 1 Tt 2 X3 5 A s X3, e 27 KU 7R AR R AR U
MBI E R NAR S, BB TE S RENHETE SRS . Hk, i
TR MM, BRI S S AR B OKCPRE S . AR R . R0 D
PR EAG SR . B, o RS [R5 T AT 2 T Rk o JE R, PR AT
AN TR 453455 T B 5 TR X i I A 5 AT A5 1 (R 52 0 o SRS, 43 Sl AN R kAL A R
F6 e R AR YR Wk - R A 19200 x 350mm2 S Bt A5 45 405 T HE AT 22 v X R A
e WG, FIAHETHESNKKN S HIRFE, XS4 8150 x 150mm? 5 %
493 JFE AT FE T 22 v KB 51 1) 453 45 A I
3.1.1 KR SR

2 v AP FEAR IR A B T a0 T AR R %, 3.1 (a)~(e) AT

(1) Buih 718 S 715 &4, PCBA A LA J18E S 7)1 & 45 208A03, R B
fE: 2.247mV/N, GiE3.1(a)—(b)Fr~, F T 04 R kAT vb i ik, oK 15
R

(2) FEEALREE, B&KA A 1/43~F4958 AL A 8% (0~20kHz) , & 3.1(c)
Fion, F TR iR G S =P ARG S, mT 2w R EE
5y % 505 BRI FE e, B R BT 7R L bR R SO, R E TR B
F o KK R EVE A T 10~11 mV/NZ Ja], 5 XAE——Hk.
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(3) WA B eSS, B&KAF4231M B2 i 4%, Kt 1000Hz )
PRAE AR, W3R, H TR E 2 5 KA 5 2%

(4) F7ETRERE, LMS Cadax-8fH# A EE T 01 WE3.1e)
B, AT REHEAMKIEFHNESEFERES;

(5) WEHTAER, HNEBELMS Test Lab 9ARLA MK ¥ 4 #7 £F UL )z Matlab
Rlda, WE3.1(e)fiw, HTX R8I 5 AT 425 #r

(6) WCH, FT [ E P AR KA

b)PCB Jj 1% J& 4%

c)B&K 1/4 Fi~f 32 70 K A% /5 2%

LMS -
Cadax - 8

)LMS ¥ ¥ % & i 5 ML T4 i
3.1 3 3 R IR MG A0 1N 2838 &
3.1.2 WX GIEIt
SEPR TREH, BREAEZEARE N IR TE NS TR B L H & S mmtt, AESEN
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Hh R Je) B M 2 1R A0 AL T AN TR s 2H A P BROR AR 1 R R S 4 1 L O T R AT
PR o 288 TR A1 )l = 4 0 v b 3 iR W) AT S R RE S AR SO A BT T B T
G AR A — BN A R e A A AT DU

Horb, R EE A A A RS 8500x950mm?, YR &+ i S FE 8 120mm,
AR R 6mm, fEIRE + ER, WESF R/ TARA R P H I M 4 fh, H
P R BT 3.2
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Jhe 24

| 100

550
350

100 |

200 270 250 180

900

32 M-RBTHESRMHERGUNESR
T B RN YR B A A AR bR T TR WA A ST R , AR AR AR P I B A
BT dl/ES I, FHABEORK 3B 47 10 % Bl RS L TRAR I BRI A AR (T R M58
D) RN AE AR A, BRI IR R E W33 R . OB R RS B L, £F R
Bt T IR R S PR BRI AR o VR Bt A P TE 9 B A I 3L 4P R .
W IR & LA B AR N400mm, X E BEJE 6mm, NE K 1000mm. EPHE N
R, HPVREEEL BRI, WESF RN TARA R BRI NG, it Tils
PR A B R PR — B AR TR R L R B T RT ot an B 3.5 B R .

33W-BRETAESREGTAHERE
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VR T A R A A s B T N hre R s M Hifs Ccurve) , BI4W
TR Bk A AR B A T

3.1.3 MK RIESLIBFE

TE R A 2R T 3R B — NI bR, B 22 v RUAR 7R 28l 0l el e A S 2R
N BT A A AR B 52 W 22 5 AR 7 2 B AR 5 1 S B S GRS T A A A i E
BEw XA TS ALK E N S 28R E S £ LMS-SCMO01 8 715 5 R EA, I+
¥ R BN SO BN T e S, MRS W 3.8 R .
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b) AR TR Jk ) 1 ) 45 47 T
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Ap + Ac 5 % 200350 10
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DT, 2o ol e BUAS [R) 7 B A0 e, i 2 X3 e i, R BGE 2 IX 3 A 1
i 2 o AR DN AL HEAT Ry, R RS 2 T KR T P A B R BRI,
AR L EHEAT LR Ry o BT 22 58 XURY i & O 8 ¥ [ £ 0~20kHz,  #5°K
FESR Y B N51.2kHz, #55825.6kHz. KAEER 1A 40.1s, Lk ¥ 916384, HK 5>
PN 1.5625Hz, A% i oy s A8 ) R 5

HARB A 3P BT -

(1) KA EAESEE, 205 B 8 A 0 A 1 R 3R 3G B i 5 2ol .

(2) MG T HEATINE AL B, X RS 5 R B — &0 #h47 A 3, A S50 56
NESSFEEESIERE, WG E 0.1 115 5 5 NG T .

(3) XPhneE 5 im B A5 5 5 148 5 @247 P 4 B i A8 3 (Fast Fourier
Transformation, FFT) , R15W N 5 J) RIS 5 .

(4) XHE 5 #EATHIECF Y, H A8 7 b BE LR 5 S 5 0 S 5 7 A
Tt

(5) THRAS SR 5 R A, IFBEAT I o& H A T o 20 Tt SR N A
ARG, . IS E R G, SR R A R T IE G,
S FLRE T R H, R TR A G5 AL ) R e N ek B AR e B A T D5 kg H . H A
H, =Fh, iR ¥5 % N5 5 55 5 5 B0 1 ik £ 6 1& 0 773, 6 T AR ST G O
BV i H A5 - B0 B o e 7 A K B N A 5 TR BLOSL N, H TR AR B

3.2 IR

N T HE TR b R A 22 v Rt il SRR I X S5 R B s W45 2, 0 A R AR RS
AR HE R4 R S5 R A Sk A L R S R R Sk AT T R B R R T MR
JBCOL B R ey I, I X b % B RS TR e BB TR AL, R SRR B, R
SO T, R N S AR AL B L, mE S IEE N, RREAN IR .
B LA S A R Sk I A R R S S AR, RE A M SR AT S I R
ik, Wcade P AN o A Sk 2E AT TR

T 5 R R Al DR AR A 5 B2, 23 0 e v Y A R A

CUY o ol 2 o 5 AR 28 s 49 390 22 50 KU oy SRR 0 4K 10 S 2R 45 5

(2) R IUZE 50 PG I AL A8 2 T P = L B 2 5ot A5 D S

(3) R Z w0 A5 WU i 7K P BR B 0 M AE 5 1 B2

(4) IR ICZ 50 WS B0 g A1 2 T i 910 1 g 50 Bl A5 5 (32 i

321 PR BTt R EREHREGEMNI8RES
R 9 R T 25 TE B 23 IX 3 v 0 3567 1 BT 75 A B 5 s Al B A X i
FEEAS S . 1k R B 7 8 A0 — R b A g5 O R AT R 5, 1k E
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