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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
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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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N (2.57) MM TCI M55 B B SR, b v i ok KAk D DL 28 7R BR 3L
FESEERN o, o VB Hn, I BRI 07 R K Dk DUZE 2R bR 5.

3 (2.56) AT RE S 0N B A DL€ R T RE R b HE T 50, i 5 R A
Rifigg, Hep— AﬁJm FRONZZ B R DL ZE R pR B0 CBIEE — SR DUSE /R B8 5 5 —
/\ij (Z) PR ZE B AL WK =2 R AL CBIEE 38 DUSE R R D o TR — N

PRA AL 5
W (z) = AJ,(z) +BN,(2) (2.58)

BBV 2 B No(2) HA T SRR, 2 2=01, Ny(2) >,
X F AR IR AR, B0 A 3R 2 8 2 BRI, D 1 {5 8 A8 06 41 3R R AR IR 30
HIsEbr i, 4 B=0, #aX (2.56) KK A LR R A W(Z)=Ad(2), W, Al
W, I R AR R os E N :

W, =AJ, (kr)
W, =A, 3o (Jkr) = Ayl (kr)

Hor, T(kr) BRONZE B fE 203 BoAE DL 28R s 8, B ke 2% A DL 2 7R o) 0] LA
P B AL DUZE R AP ) SR ExUx B/ 2. 30 (2.59) B W 1w
R, H AT RN

(2.59)

W=AJ, (kr)+ Bl (kr) (2.60)
X e, MARELRKEBR, HR3HPIL A KM
W) ey =0
(%)(ha) _ (2.61)

B EiRa A AR (2,600 , BEFA.
AJ, (ka) + Bl (ka) = 0
—AJ, (ka) + BI, (ka) = 0
S, 3y(Ka) B DI R B 1, (Ka) B R DL R B B g
ER AL BN NE, HARTAANE, 0

(2.62)

Jo(ka) IO(ka)—J ka)l, (ka) + 1 (ka)J, (ka) =0 2.63

_3,(ka) I(k)—o(a)l(a)+o(a)l(a)— (2.63)
FIAAE R B E, HEMERSE LR, WwE2.10FR. LR EE
pu=ka, W p=ka, w=ka, ..., u=ka. it (2.63) 5 =320, u, =6.30,

=944, ..., Hn>3K, AT Uﬁ,un Nz RN o
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2
Hy D / E
= 2.64
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B 1y =3 200N £, SRAGRBIR 30 1) — B i 08 -

2
o=t |_E_ =o.467£2 = (2.65)
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n

T RN
Hoyo o _ (830,
w, =(—= —)w =3.9
; (M) (320) 1oy (2.66)
=B AR N
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55 JE R DY Jl 20 O B 31 20 AH 2S00, 18 v = 388 0 RUSH AT U AR K 31— 5 A5 I
A Pk - Tl s 1) SR R R R A5 AR R AT = B RS RS ERIE T S AR
BRI R, H BRI AL (2.64) Rfliik

2.3 KEINEE

AEH J T BN A T RE SRR Bl I 45 A R A B AR A R, R
AR I, b [ e ) RN AR IR 0 P W L R L b . R
R T IRESEFE R E G VR B RS A, Wik TR T ARG
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MK, R0 RS QR w54 W51 05 00 1 B R AR A T
fH
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I 23 450 15 [ S 0 D 15 75 RS 2 BB DL AEL 46 K 98 4 A T 1-10Pa/N2 [, it
{558 1 e X 39 75 P A5 2 G AULAEL 325 51 10~30Pa/N . 463,754 ) M 47 46 I 24 1
1405 25 P B335 T 7 . (AR, 45 o o 5 5 WA 15 0 B 407 1950HZ BT 48 Bl i
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2 0.254 0.326 0.266 0.264 0.203 0.239 0.151  0.287 0.241 0.183
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K 3.35 m, [t pR 2R HE DA IX 30 Bt 2 452 405 X3k, ikl BB Y, il R T
IR ek AR 0 R T AR /IS 8 i A A DR, ) RAR ) A R AR AL
B S5 RBOVAR . W i An B8, 953405 DX sk ) iy (6% JSE sy o (R 983 03 3 5 1) 7
JE S SR R B IR B AR /D, 5 5305 DX 5 I A2 SR R M 3, ek
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*38 WERRLMHZMRANEERSEELME (BA: Pa/N)

1 0.335 0.318 0.317 0.156 0.167 0.323 0.364 0.321 0.248 0.255

2 0.311 0.252 0.237 0.152 0.145 0.259 0.353 0.369 0.257 0.280

3 0.498 0.299 0.300 0.530 0.432 0.407 0.609 0.326 0.224 0.174

4 0.363 0.235 0.598 1.031 0.729 0.695 0.933 0.734 0.224 0.146

5 0.343 0.259 0.626 0.832 0.791 0.698 1.159 0.715 0.250 0.214

6 0.344 0.252 0.677 0.725 0.813 0.735 0.760 0.751 0.172 0.184

7 0.450 0.183 0.452 0.484 0.520 0.475 0.508 0.501 0.156 0.267

8 0.349 0.341 0.332 0.435 0.423 0.496 0.387 0.398 0.176 0.255

9 0.286 0.265 0.293 0.211 0.200 0.209 0.232 0.247 0.298 0.281

10 0.287 0332 0391 0320 0.375 0.289 0.269 0.209 0.372 0.372
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5 4.3 4.3 4.4 4.3 4.4 4.6 4.3 4.3 4.6 4.5
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