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Abstract. In plants, pipes might face corrosion, which may induce loss of thickness. 
Bulk wave ultrasonic testing has proven a good sensitivity for the detection of 
corrosion defect. However, this method is no longer available in local areas of 
bedplates or concrete walls for instance. Consequently there is a need for a non-
destructive method able to inspect these non- accessible parts of pipes.  
 To inspect these non-accessible regions, EDF and CEA have started a 
collaborative program aiming at exploring the potentialities of an inspection method 
based on the use of Rayleigh-like waves. 
 Rayleigh-like waves can be interpreted as the superposition of the first anti-
symmetric and the first symmetric guided wave (GW) modes at higher frequencies 
than in classical GW testing. A beating phenomenon characterizes their propagation, 
showing an energy transfer between the two sides of the structure. This phenomenon 
is defined by a distance called the beatlength, depending of the probe frequency and 
the material properties. 
 Previous experimental works have shown that an appropriate choice of the 
beatlength and probe position allows to avoid support effect on the transmitted wave 
echoes. So unwanted reflections and mode conversions at pipe supports can be 
avoided and the detection performances of defects located under supports might be 
increased. 
 The proposed method is based on the combined use of the beating phenomenon 
of Rayleigh-like waves and corrosion detection by mode conversion. 
 In this paper, this method has been investigated on flat structure and 
experimental work has been performed on rectangular flaws. 
 Keywords : Rayleigh like waves, pipes support, corrosion defect, mode 
conversion. 

Introduction  

In plants, pipes might face corrosion, which may induce loss of thickness, under support or 
concrete walls. These structural features avoid having local access to the possible corroded 
areas. Even if bulk wave ultrasonic testing has proven a good sensitivity for the corrosion 
defect, this method requires having access to the inspected part. Consequently there is a 
need for a nondestructive method able to inspect pipes under supports or concrete walls. 
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Guided waves (GW) ultrasonic testing is promising for this issue because GW propagate 
long distance and do not need to have a local access to the inspected parts. Classically GW 
methods are used in a low frequency-thickness range with high wavelengths. So, GW 
testing is not sensitive to small defect and unwanted reflections and mode conversions at 
structural features are significant. 
EDF and CEA have started a collaborative work aiming at exploring the potentialities of an 
innovative inspection method based on the use of Rayleigh like waves.  
Rayleigh-like waves can be interpreted as the superposition of the first anti-symmetric and 
the first symmetric guided wave modes at higher frequency than in classical GW methods. 
Propagation of Rayleigh-like waves is characterized by a beating phenomenon showing a 
periodic transfer of energy between both sides of plate with a characteristic distance called 
the beatlength. In selecting adequate probe frequency to match the beatlength to support 
dimension, reflections and mode conversions at the structural features can be avoided and 
detection performance of defect under supports might be increased.  
To inspect pipes under supports, beating phenomenon of Rayleigh-like waves will be used 
with corrosion detection by mode conversion, S0 mode to A1 mode. 
Rayleigh-like waves have already been studied in previous work. Surface defect detection 
in stiffened plate structures using Rayleigh like waves has been studied by Masserey and 
Fromme in [1]. They showed experimentally, that for a machined surface defect, damage 
could be detected past multiple stiffeners from pulse echo measurements. The beating 
phenomenon has also been modeled in stiffened plate structures by Baronian et al. [2]. 
In an earlier paper, corrosion detection in aircraft structure using Lamb waves was 
investigated by Terrien et al. [3]. They showed that pitting corrosion can be detected by 
mode conversion between S0 and A0 modes. They also showed that pitting corrosion can be 
discriminate of corrosion wall thinning by the apparition of S0 to A1 mode conversion echo.   

In this paper, beating phenomenon and detection by mode conversion have been 
investigated separately on flat structures. Then, first experimental works have been 
presented to investigate the ability of the combined use of these two methods. 

Use of Rayleigh like waves to avoid effect of support or concrete wall  

1.1 Rayleigh like wave theory  

Rayleigh-like waves can be interpreted as the superposition of the first anti-symmetric and 
the first symmetric guided wave modes. Indeed, at higher frequency (than the classical GW 
NDT), wave numbers of the S0 and A0 modes are close and they propagate at very similar 
velocity. So, these modes, which are initially in phase, become progressively out of phase. 
This phenomenon leads to interference between both modes, which are alternatively 
constructive and destructive. Combined with the symmetric and antisymmetric 
displacements of these modes, respectively S0 and A0, this phenomenon leads to the 
addition of normal displacements on the top of the plate and the subtraction of normal 
displacements on its back when modes are in phase. And in return, when modes are not in 
phase, normal displacements are subtracted on the top of the plate and added on its back. 
So, Rayleigh-like waves propagation is characterized by a beating phenomenon showing a 
periodic transfer of energy between both sides of the plate with a characteristic distance 
called the beatlenght, as shown in Fig. 1. 
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Fig. 1. Rayleigh like waves beating phenomenon. 

 
This phenomenon is particularly attractive to detect corrosion under structural features, 
such as supports and concrete walls. Indeed, by concentrating wave propagation on the 
back of the plate crossing the support, unwanted reflections and mode conversions at pipe 
supports can be avoided. It might also increase the detection performances of defects 
located under supports. At the end, the beatlength can be adjusted by selecting the probe 
frequency. 
Experiments were investigated on a 2mm – thick steel plate. Two piezo-electric probes 
were used with a center frequency of 3,5 MHz. At this frequency, wave number of the S0 
and A0 modes are very close, as illustrated in Fig. 2. 
 

 
Fig. 2. dispersion curve of a 2 mm-thick steel plate simulated with CIVA software. 

 
The distance between two points of constructive interference is called the beatlength, dBL: 
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In the 2mm-thick steel plate, the beatlength distance is 184 mm for a center frequency of 
3,5 MHz. 
 

1.2 Experimental works  

In this part, the beating phenomenon is investigated by studying the effect of a support, 
modeled by a rectangular steel component, on two experimental set-ups. 

 

 First configuration 
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The two piezo-electric probes, arranged in Pitch-Catch configuration and with a center 
frequency of 3,5 MHz, are spaced by 184 mm which correspond to a beatlength. Two 
measurements are done: 

- 2mm-thick steel plate, 

- 2mm-thick steel plate with a support modeled by the rectangular steel compone
nt. 

The rectangular component is positioned at half a beatlength from probes. So, the wave 
packet will propagate on the back of the plate as it goes by the support. The experimental 
set-up is illustrated in Fig. 3.  

 
Fig. 3. experimental set-up with the modeled support, configuration 1. 

 
In Fig. 4, Ascans are superposed for the acquisition with the support, red curve, and 

without the support, blue curve. 

 
Fig. 4. Ascans superposition when probes are spaced by a beatlength, red, with support, and blue, 

without support. 
 
Gap of amplitude between both signals is very low, 0,2 dB. Then, the wave packet appears 
to propagate on the back of the plate when it goes through the support. 

 Second configuration 

The probes are spaced by two beatlength, i.e. 368 mm. The rectangular support is now 
positioned at a beatlength from probes. For this experimental set-up, illustrated in Fig. 5, 
the wave packet should propagate on the top of the plate when it goes by the support. So, 
reflections or mode conversions should appear and amplitude of the transmitted wave 
echoes should decrease.  

 
Fig. 5. experimental set-up with the modeled support, configuration 2. 
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In Fig. 6, Ascans are superposed for the acquisition with the support, red curve, and 
without the support, blue curve. 

 
Fig. 6. Ascans superposition when probes are spaced by two beatlengths, with support, red curve, and without 

the support, blue curve. 

We can observe that wave propagation is strongly disturbed by the support. Indeed, the 
amplitude difference between both signals is significant, 9 dB. So, the wave packet appears 
to propagate on the top of the plate when it goes by the support.  
Beating phenomenon has been identified in these experiments. So, an appropriate choice of 
the beatlenght and probe position allows to avoid support effect on the transmitted wave 
echoes. For pipe inspection, beatlenght and thus center frequency of probes will be chosen 
to match with support dimension. 

Detection of corrosion by mode conversion  

In this part, detection of corrosion thinning is investigated by conversion of S0 to A1 mode 
for rectangular flaws. 
As in the previous section, experiments were investigated on a 2mm – thick steel plate. 
Two piezo-electric probes were used with a center frequency of 3,5 MHz. Wedges are 
variable angle beam ones, so emitter and receiver can be sensitive to different modes. 
Mechanical assembly is shown in Fig. 7. 

 
Fig. 7.  mechanical assembly of experimental work on detection by mode conversion. 
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The two probes, arranged in Pitch-Catch configuration, are spaced by 184 mm and equally 
spaced to flaws. For every measurement, the emitter generates mostly the S0 mode, while 
the receiver can be sensitive to S0 mode or A1 mode.  
First measurements are done with no flaw. Ascans are superposed, in Fig. 8, for receiver 
sensitive to S0 mode, black curve, and for receiver sensitive to A1 mode, red curve.  

 
Fig. 8. Ascans superposition for measurements with no flaw and with the receiver sensitive to S0 mode, black 

curve, and the receiver sensitive to A1 mode, red curve. 

The emitter generates mostly the S0 mode but it is observed that A1 mode is also slightly 
generated.  
Mode conversion of S0 incident wave is investigated on a first rectangular flaw, height of 
250 µm and length of 15 mm. In Fig. 9, Ascans are superposed: 

- Black curve, receiver sensitive to S0 mode with no flaw. 

- Red curve, receiver sensitive to A1 mode with no flaw. 

- Blue curve, receiver sensitive to A1 mode with a rectangular flaw, height of 250 
µm and length of 15 mm.   

 
Fig. 9. Ascans superposition with no flaw and with a rectangular flaw (height of 250 µm).  

Echo of S0 to A1 mode conversion is observed with significant amplitude on experiments.  
Then, mode conversion of S0 incident wave is investigated on a second rectangular flaw, 
height of 500 µm and length of 15 mm. Experimental Ascans are superposed in the Fig. 10 
and are plotted with the same color code that for the defect of 250 µm. 
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Fig. 10. Ascans superposition with no flaw and with a rectangular flaw (height of 500 µm). 

Experimental results indicate that the amplitude of conversion echo increase with the height 
of the flaw. A spread of the wave packet is also observed. 

Combined use of both methods  

To inspect pipes under supports, beating phenomenon of Rayleigh-like waves will be used 
with defect detection by mode conversion, S0 mode in A1 mode. Experimental works are in 
progress in order to evaluate the performance of this non-destructive method. 
First, experiments have been performed on a steel plate with a rectangular flaw, height of 
250 µm and length of 15 mm. The set-up, shown in Fig. 11, is the same that in the previous 
section and a rectangular steel component is used for the support as in the second section 
(1.2). The steel component is placed above the rectangular flaw. 

 
Fig. 11. experimental set-up with support above the defect. 

In Fig. 12, Ascans are superposed with no support (blue curve) and with the support (red 
curve).  
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Fig. 12. Ascans superposition with no support (blue curve) and with a support (red curve). 

Slight changes are observed between the two Ascans but they show good agreement. So, 
this first experiments show that support does not have a large impact on wave propagation.   
To understand the whole wave packet, spectrum of the diffracted signal will be studied in 
future works.  Experiments will also be done for defects with different heights (500 µm, 1 
mm and 1,5 mm). 

Conclusions 

In this paper, an inspection method based on the use of Rayleigh-like waves was presented 
to detect corrosion on non-accessible area. This method is based on the use of Rayleigh-like 
waves beating phenomenon to avoid support effects and corrosion detection by S0 to A1 
modes conversion. In this paper, the two techniques are first investigated separately. Then, 
experimental results of the combined use of both methods are presented.   
Beating phenomenon has been identified during experiments. It has been shown that an 
appropriate choice of the beatlenght and probe position allows to avoid support effect on 
the transmitted wave echoes. For pipe inspection, beatlenght and thus center frequency of 
probes will be chosen to match with support dimension. 
Then, losses of thickness were modelled by machined rectangular flaws. Experiments have 
shown that rectangular flaws can be detected by conversion of S0 mode to A1 mode. 
Finally, first experimental works were done to investigate the performance of the combined 
use of the two methods. It has been shown that support does not have a large impact on the 
diffracted signal.   
Results shown in this paper are very promising. Indeed, this method has a strong interest 
for corrosion detection in non-accessible area, such as support or concrete walls, which 
cannot be inspected with classical ultrasonic testing. 
Work is in progress to demonstrate the ability of the method to detect real corrosion 
thinning, both through simulation studies and experiments. 
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