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ABSTRACT
We developed numerical method to localize crack in a concrete domain. Cracks in a domain Ω
cause acoustic waves (as shown in Fig. 1)) which reach to the boundary of Ω [1]. The waves are
measured at a finite number of points on ∂Ω (as shown in Fig. 1). Using the measured waves on
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Figure 1. Appearance of crack causes wave source represented as red star. We measured the
wave signal at some points of the boundary of the domain, represented as blue dots.

∂Ω, the goal is to find position of cracks in Ω. Under the assumption of homogeneous medium,
we consider a velocity of wave propagation is constant. With the constant velocity, we can find
the position of crack by minimizing the cost function ϕ(x, y, t) =

∑
ϕi,j(x, y, t) where ϕi,j is

discrepancy of velocity at i- and j-th measurement, (x, y) is position of and t is time when crack
occurs.

ϕi,j(x, y, t) =
(
(t− tj)2((x− xi)2 + (y − yi)2)− (t− ti)2((x− xj)2 + (y − yj)2)

)2
We compared the proposed method with the conventional time reverse modeling (TRM) method
[2,3]. In TRM, the measured signals are re-emitted numerically into a domain in a time-reversed
manner by solving the linear anisotropic elastic wave equation for the displacement field ui(x, t) ∈
Rd (d = 2 in this paper) which reads:

ρg∂ttui = ∂j(cijkl∂luk) + fi in Ω× [0, T ]



where fi represents wave force caused by crack, gravitational density is given by ρg and cijkl
denotes the stiffness tensor, which gives the momentum tensor by mij = cijkl∂kuk [4]. To com-
pare and verify performance in various situations, we perform several numerical experiments.
Most of cases both methods are capable of localizing AE activity in concrete. However when
the measurements are only on one side, TRM fails to localize crack position while suggested
method is still able to localizing crack position (Fig. 2).
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Figure 2. Comparison of ‘conventional TRM method’ and ‘suggested method’. Two different
numerical experiments are performed; with measurements on all 4 sides and with measurements
only on left side. Blue dots represent position of measurements, red circles are source positions,
and green squares denote estimated source positions.
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