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Abstract: The technology of detection of internal cavities in concrete with laser-acoustic method is one kind of
remote sensing detection technology for internal cavity of concrete, which has the characteristics of fast detection
and non-contact, meeting the needs of identifying the internal cavity of concrete in some cases where it was not
convenient to conduct contact detection. In this paper, focusing on the part of acoustic excitation, a laser acoustic
concrete internal cavity detection system was built using accelerometers instead of laser vibrometers, and concrete
specimens with internal prefabricated cavities were inspected. It was found that the presence of internal concrete

voids would change the flexural rigidity of the structure above the voids, and when there was external excitation,
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the structure above the voids would show the phenomenon of bending vibration, the frequency of which was close

to the first-order intrinsic frequency of the vibrating structure. The bending vibration in the defect area can be

easily excited by using a high-power density pulsed laser, and when the cavity defect was shallow, the presence or

absence of cavity inside can be judged by the characteristic response of the bending vibration in the frequency

domain. As the depth of the cavity increased, the flexural rigidity of the structure above the cavity gradually

increased, the amplitude of the bending vibration decreased, and the identification of the internal cavity will be

difficult to be achieved by the characteristic frequency alone. In this case, the acceleration energy spectrum of the

surface vibration signal can be used to characterize the vibration energy and determine whether there were cavities

inside the concrete by the level of vibration energy. Based on the above theory, the cavity with a depth of 150 mm

inside the concrete was successfully detected, which verified the feasibility of using laser acoustic technology to

detect the cavity inside the concrete.
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Fig.l Schematic of laser acoustic. (a) Thermoelastic effect; (b) Ablation

effect
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Fig.2 Diagram of sound wave reflection
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Tab.1 Coefficient of acoustic impedance for some

materials'*!

Material Coefficient of acoustic impedance/kg-m s
Air 0.4
Water 0.5%10°
Concrete 7x10%-12x10°

FIE AT WL, 2 SR P A R BOEE T 0, 24 5K
(1) VB TIPS P AR BE - 5 a5 SO T Ak B B AR
AT 1o A, R TR e P V0 A0 22 ) 2 P 90 i 2R
SR BCAT o TR TR A oA A A R R i R R s
PO R B P I 2 A =S R 5 R B 3R T =[] R (]
FCSE T8 AN B SR, 5 | T 55 4 3 T A 2 8 e A
A
1.3 SRPAXIEEIRENINE

Y TAAFAE T 2RI T J5 BT X, 2370 75
TR I5E e BT 25T R R X T A AN A 7 2 1 1 XS
SA PR M YR IR 2 5] Ak aW ET IR
G - 19 25t IR Bl K s T T TR B G B — B
ST, H PRSI — By [ A 55 ] s e,

202203063



ISk A2

%14 www.irla.cn %52 A
BB R R AR [ E T RSE 8 250 mmx250 mmx

mh( 1 1 E
fﬁ(z*ﬁ)\/m ®

A h AR IR B, BIAS TR BE s o 1 b 23 50 A Y
BB A A E vy p 30 TR BE L A7 FRE AL 1A
FAHE LA o

2 LHARELERSN

21 XBEE

W E IR £ A {FJMEI%AEB/%H@/%&(&
UGS REEMANTR AL 55 H— G R
1064 nm 14 Q Nd:YAG HOG#S I & , Hlik vh 98 B
8 ns, H ik wrBE R 0~400 mJ AT, O ik b i A
ST S S DA B — AR B OR 12,5 mm (4 3R £ B BT AL
PRAE VR 2 10T A 58 067 LA SR A

e P B O BE — i I A i 5 AR
AL A B A TR EE £, Bt L
155 TR B - PN 04 2 1) S S8 I [l 81 1, 1 el o
JEAG AR AT H 0, BN i P 15 i B R A R
SRFE G T AL AT I L2 24T 5 A0 B, B R 4R
R RAEAON il A, SRR 1 MHz, 65U
SR EH R B WA 3 PR

Laser
Ne

&, L
Data acquisition

card

Concrete

)

A celerometer
‘

Defect
Pl 3 OCEOE IR BE L PR AS IR 9202 ]
Fig.3 Experimental setup diagram for detection of internal cavities in

concrete with laser acoustic
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Tab.2 Composition of the concrete
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Tab.3 Parameter of the concrete

Mass density/kg-m Poisson ratio Young's modulus/Pa

2400 0.2 3.35x10"
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