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Abstract This study evaluates the application potential of nonlinear acoustics for detecting micro-crack
growth in damaged materials and examines the sensitivity and applicability of nonlinear coda wave interferometry
(NCWD) for micro-crack detection in heterogeneous, complex media. Based on multiple-scattering theory and the
effective scattering cross-section of crack-like scatters, a linkage model between coda-wave propagation velocity and
crack parameters is established. A spectral element method (SEM) framework is used to construct media with random
crack fields, and simulations and sensitivity analyses are carried out. The results show that the relative coda-wave
velocity change (Av/v) exhibits an approximately linear proportional relationship with both crack density and
crack-length variation within the damaged region. This correlation remains stable under low-amplitude
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micro-damage conditions and shows strong robustness to variations in crack orientation and spatial distribution. The
research results further demonstrate that NCWI is highly sensitive to minute changes in propagation media and
effectively utilizes nonlinear acoustic effects induced by micro-cracks, enabling early identification and quantitative
characterization of micro-crack evolution in complex materials.
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Fig. 1  Simulation model and sound field distribution of

local crack-like scatters

5 BB LR T 50 AN BUERERY, e AE
AUep, S REE T 10 RN A B 2SO EOR A
B 10~19 mm, HJEEHRZEHR 0.01 mm, X
AEFEAH I T K 6.6 mm SEUiAEH /N, BT LA
ZBEARTE . A B E AT FL ARSI A 0°
(A7 TEHIE ) 2 90° (| E TSR ) ZAY S
FIORRIBUE . B BEARI A T 512 4RI,
Y50 A e B O R 0 120 mm (9 BE o AN
[FIEHL T HSL g 25 R &l 2 s o

o = [=10 mm|
90 == L=11 mm|
12 mmj
13 mm|
14 mm|
15 mm|
16 mm|
L=17 mm|
== [=18 mm|
== [=19 mm|

............ Mo 0°

270°

2.00

1.50

a'/(°)

1.00 4~ - -m-

0.50

........................................

LI

0.00

10 12 14 16 18 20
Lo/mm

(b) RECIREUR R A RN BT o 524

B2 FREAKES fERSURESH KBRS Fit
HEER
Fig. 2 Simulation results of scattering characteristics of
crack-like scatters with different lengths and angles
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