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Abstract 
 
Ultrasonic guided waves have been widely used for structural health monitoring of 
various ageing engineering components to maintain their safe, reliable and optimal 
performance. Guided waves are sensitive to the change in elastic modulus of material and 
possess minor amplitude damping, which enables large structures to be inspected using 
only a few transducers and to detect both surface and internal defects. Recent 
developments related to the guided wave structural health monitoring aim to detect the 
structural changes only, which are later validated using conventional NDT methods. 
However, to avoid the false alarms, it’s important to estimate when the severity of damage 
becomes critical and the additional NDT methods must be applied. To achieve such goal, 
further information about the parameters of the damage is mandatory. Hence, the aim of 
this work was to develop an ultrasonic SHM technique which would enable the additional 
features of delamination type defects, such as size and depth to be extracted. 
In this work the baseline ultrasonic method based on the interferential analysis of A0 mode 
reflecting within the delaminated area has been proposed. It was shown that proposed 
baseline method together with the frequency sweep excitation within the bandwidth of 
transducer enables the size and the depth of single delamination type defect to be 
determined. The performance of the proposed technique was proved with 2D/3D 
numerical simulations and experiments on the samples with artificial defects. It was 
demonstrated that variations of excitation frequency and the developed baseline method 
with some limitations enables to extract additional features of the defects. 
 
 
1.  Introduction 
 
In most of the current SHM applications, the detection of damage simply relies on the 
algebraic difference between the current time trace and the reference baseline. It is 
assumed that subtraction allows the structural features to be removed, leaving the 
influence of damage. However, such technique with some limitations can only tell the 
existence of damage. In this research the model based baseline method to detect and 
describe the delamination type defect was proposed, exploiting the frequency sweep 
excitation, mode conversion and constructive/destructive interference of the A0 mode. A 
special baseline dataset of analytically calculated relationships between the parameters of 
A0 mode and the features of damage is used to extract the defect parameters by 
comparison with experimental measurements. The proposed technique features one side 
access and can provide the information about the existence, depth and size of the damage. 
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2.  Background 
 
In general, upon the interaction of the A0 mode with the delamination type defect, the 
reflection, transmission and mode conversion occurs at each end of the damage. In such 
way, at the leading edge of the damage, the initial A0 mode reflects back and splits into 
the wave packets that accordingly propagate above and below the defect (see Figure 1). 
Moreover, mode conversion occurs at the leading edge, therefore part of the energy 
transforms into the S0 mode as well. If delamination is asymmetrical according to the 
depth of sample, the result of interference of wave-packets traveling above and below the 
defect and the mode conversion phenomenon can be employed to detect and describe the 
parameters of defect. 

  
a) b) 

 
Figure 1. The illustration of A 0 mode interaction with delamination: the B-scan images of vertical 
(a) and longitudinal (b) component of particle velocity along the top surface of the 4 mm thickness 

GFRP sample 
 
2.1 An approach to estimate existence of a defect 
 
After the interaction with a delamination type defect, four directly transmitted 
wave-packets can be captured at the receiver, situated beyond the damage: two weak S0 
modes (UIS0(t); UIIS0(t)) and two dominant A0 modes (UIA0(t); UIIA 0(t)). It is obvious that 
if the structure is defect free, only the direct A0 or boundary reflected modes will be 
observed. Meanwhile, in the presence of delamination, the converted A0 mode (UIA0(t)) 
appears in the structure and arrives faster than the direct A0 one (UIIA 0(t)), due to the 
conversion to S0 mode at the leading edge of delamination (see Figure 1). Thus, the 
converted A0 mode may be used as an indicator to detect the presence of damage. 
 
2.2 Method to estimate depth of defect 
 
In order to extract the depth of damage, the approach based on excitation of A0 mode at 
different frequencies and constructive/destructive interference is proposed. The wave 
packet of direct A0 mode is a superposition of the waves traveling at the layers below and 
above the damage. If the delamination is asymmetrical in depth of sample (h1≠h2) the 



 3 

phase velocities at these layers are different as well (cp1≠cp2). Beyond the defect, the 
modes from the different layers interfere with each other resulting in the single 
transmitted A0 mode UIIA 0(t). The magnitude of this mode is proportional to the result of 
interference, which can be either in-phase, out of phase or intermediate. Thus, the idea of 
the proposed method to estimate the depth of damage relies on magnitude measurements 
of the direct A0 mode UIIA 0(t) at different excitation frequencies. 
The proposed methodology to estimate the depth of delamination requires a baseline 
dataset, which would represent the analytical prediction of magnitude variation both due 
to the excitation frequency, depth and size of damage. Then the experimental 
measurements can be compared with the baseline data looking for best match. It is 
presumed that the baseline whose variation best matches the experiments is the one which 
gives the closest definition of damage depth. 
 
2.3 Technique to assess the length of defect 
 
If the depth of the defect is known, the size of it can be estimated from the delay between 
the direct UIIA 0(t) and converted UIA0(t) A0 modes. As mentioned above the A0 mode 
converts to the S0 at the leading edge of the delamination. Due to this phenomenon, the 
converted A0 mode UIA0(t) arrives first compared to the direct one UIIA 0(t) (cpS0>cpA0). 
The separation ΔtA0 between the direct and converted A0 modes is proportional to the 
excitation frequency and propagation path of S0 mode, which itself is determined by the 
length of defect. 
 
3.  Validation 
 
For validation purposes, 2D (sample#1) and 3D (sample#2) FE models of 4mm thickness 
glass fibre reinforced plastic (GFRP) plate were employed with material properties as 
follows: the Young’s modulus: Ex = Ez = 23.08 GPa, Ey = 10.48 GPa; the Poisson’s ratio: 
υxy = υyz = 0.361, υxz = 0.141, Shear modulus: Gxy = Gyz = 3.26 GPa, Gxz = 2.81 GPa; 
density: ρ = 1,800 kg/m3. Each of the considered models contain delaminations of 
different sizes and through-thickness locations. In “sample#1”, the 70mm wide 
delamination was introduced at h11=1mm below the top surface (Figure 2). Meanwhile, 
“sample#2” has a defect of 90mm×90mm, located at a depth of h12=1.6mm below surface 
(Figure 3). The guided wave propagation was simulated with excitation frequencies 
ranging from f1 = 50 kHz to fn = 200 kHz with increments of 10 kHz. Hence, 16 different 
excitation frequencies were used for each of the considered models. After simulations, 
the depth and size of damage was evaluated using the proposed technique. 

 
Figure 2. The sketch of 2D FE model (“sample#1”) with 70 mm delamination located 1 mm below 

surface 
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Figure 3. The graphical illustration of 3D model of “sample#2” with delamination of 
90 mm × 90 mm at 1.6 mm below surface (b) 

 
The special parameters hmin1 and hmin2 based on mean and standard deviation has been 
calculated to estimate the best match between the experimental measurements and the 
analytical baseline, which show the depth of damage. The results are summarized in 
Table 1. It can be observed, that for sample#1, the lowest hmin1 and hmin2 values are at the 
depth of 1mm, which is the actual depth of the damage for sample#1. For 3D case 
(sample#2) the hmin2 value showed the correct depth of the defect.  
The analytically estimated delay versus the length of the defect at depth of 1mm for 
“sample#1” and 1.6mm for “sample#2”, which show the estimated length of defect can 
be seen in Figure 4 a,b respectively. It can be observed that the size of damage was 
estimated with an average error of 10% 

  
a) b) 

Figure 4. The analytically obtained delay versus defect length for “sample #1” (a) and “sample #2” 
(b), showing the estimated size of damage 

 
Table 1. The hmin1 and hmin2 values for “sample#1” and “sample#2” which are used as a criterion to 

estimate the depth of delamination 
 Sample#1 Sample#2 

hmin1 hmin2  hmin1 hmin2 

h11=0.5mm 0.195 0.033 h11=0.4mm 0.131 0.068 
h12=1mm 0.03 0.018 h12=0.8mm 0.066 0.034 

h13=1.5mm 0.034 0.035 h13=1.2mm 0.065 0.023 
   h14=1.6mm 0.072 0.019 
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4.  Conclusions 
 

The model based baseline method to detect and describe the delamination type defect was 
proposed, exploiting the frequency sweep excitation, mode conversion and 
constructive/destructive interference of the A0 mode. The performance of the proposed 
method was demonstrated and verified detecting and describing delamination type defects 
of different lengths and depths. It was demonstrated, that the depth of the damage can be 
estimated analysing the amplitude variations of the transmitted A0 mode, meanwhile the 
size can be extracted from the delay time measurements with an average size error of 
10%. 


