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1.  Introduction 
 
This technical note is Part 26 of a series in NDT.net.   
 
For technicians involved in manual ultrasonic testing of welds, the Rayleigh wave is 
sometimes an unrecognised annoyance.  When using shear waves refracted near 70° it is 
possible to generate a Rayleigh wave.  Resulting signals can be mistaken as having originated 
from the intended bulk shear wave.  The end result of this could be to incorrectly identify a 
signal as being associated with a flaw and incorrectly plot the indication in the weld volume.  
Although annoying in some cases, Rayleigh waves can be a useful flaw detection and sizing 
tool [1,2,3].   
 
Rayleigh waves are a class of waveforms considered surface waves.  Surface waves are 
generally considered as either Love waves or Rayleigh waves.  Love waves are horizontally 
polarised surface waves [4] having particle motion moving parallel to the surface and 
perpendicular to the direction of propagation.  Rayleigh waves [5] are considered to have a 
combination of longitudinal and transverse particle motion.  At shallow depths (within about 
1 wavelength from the surface) particle motion of a Rayleigh wave is a counter-clockwise 
elliptical motion.  Love waves travel at a lower velocity than the bulk waves (compression 
waves and shear waves), but faster than Rayleigh waves.   
 
In this article we will illustrate the A-scan (voltage displacement) of Rayleigh wave signals 
seen on the ultrasonic display and correlate this to the actual pulse in the solid using 
photoelastic visualisation.  
 
 
2.  Photoelastic Setup 
 
Several steps are used to illustrate the presence and characteristics of the Rayleigh wave.  
First, a replica of the traditional IIW calibration block (V1 block) was fabricated in glass.  
Figure 1 illustrates the old V1 block (complete with metallised Perspex insert) and the glass 
model cut from 25mm thick float soda-lime glass.  

 
 
The video to this article can be seen here: www.ndt.net/search/docs.php3?id=22361&content=1
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Figure 1 V1 block and glass model of V1 block 
 
A Panametrics A403 probe (2.25MHz 12x25mm) was affixed to a Panametrics variable angle 
wedge and the incident angle adjusted to obtain a refracted shear wave at 45° on the steel V1 
block.  Using a PCPR100 to drive the probe, the A-scan for the response was calibrated to 
provide the optimised un-rectified response from the 100mm radius.  The probe placement 
and A-scan response are illustrated in Figure 2. 
 

  
 
Figure 2 Variable angle probe on steel V1 block and A-scan display of response 
from 45° shear wave 
 
The incident angle of the variable-angle wedge was then adjusted to provide a nominal 85° 
shear wave in the steel V1 block.  The probe placement and associated A-scan are seen in 
Figure 3.  
  

45° shear wave 
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Figure 3 Variable angle probe on steel V1 block and A-scan display of response 
from 85° shear wave 
 
Due to the design of the variable-angle wedge, the travel time in the wedge remains constant 
as does the position of the exit point.  This allows the probe to remain in the same position on 
the V1 block and the shear-mode response from the radius remains at the 100mm position for 
the 85° refracted angle.  While the amplitude of the shear mode drops slightly as the shear 
angle is changed to 85° refracted, a clearly defined signal arises slightly after the shear wave 
that is attributable to the Rayleigh wave.  The separation of the Rayleigh and shear modes is 
clearly seen in the photoelastic image in Figure 4 where the pulse is seen approaching the 
100mm radius.  
 

 
 
Figure 4 Rayleigh and shear modes using variable angle monoelement probe 
 

85° shear wave 

Rayleigh wave 

Shear mode 

Rayleigh mode 
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Figure 5 Rayleigh and shear modes using phased-array probe (88° shear refracted) 
 
 
The large monoelement probe was changed to a phased-array 5L16 probe (Olympus NDT 
A10) on an SA10-N55S wedge.  Although the pulse-length is shorter with a 5MHz probe, the 
intensity is greater when using a phased-array probe.  The 88° bulk shear wave and the 
associated Rayleigh wave are seen in the photoelastic image in Figure 5.  
 
The same phased-array probe was used to generate an S-scan sweeping from 47° to 89° in 2° 
increments with the probe placed at a position that provided an optimised response from the 
100mm radius of the glass V1 block near the middle of the angular sweep.  The S-scan 
display and the A-scan associated with the 89° beam are illustrated in Figure 6.   
 

 
 
Figure 6 47°-89° S-scan of glass V1 block and A-scan from 89° beam (shear wave) 
 
Figure 6 indicates some drift in time of the shear wave as the higher angles are neared.  This 
is primarily due to exit point drift in the phased-array wedge.  The arrow pointing to the 
Rayleigh wave indicates that its amplitude is gradually increasing as the angle of refraction 

Shear wave 

Rayleigh wave 

Shear mode 

Rayleigh mode 
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increases.  Not until angles above approximately 65° does the Rayleigh wave become 
noticeable (this value will be a variable depending on the beam spread of the probe used).  
 
Photoelastic imaging of Rayleigh waves has previously been reported [6,7].  The paper by 
Lewis and Dally [6] was particularly interesting in that it used a small explosive (lead azide) 
and a high-speed Cranz-Schardin multiple-spark camera to record the dynamics of the process 
using exposures as short as 0.3µs.  When used to attempt surface-breaking flaw sizing, 
numerical modelling of the Rayleigh wave [8, 9] has provided useful techniques; however, 
practical applications are limited by the same sort of details that affect flaw-sizing by bulk 
waves, i.e. flaw depth, angle of flaw relative to the surface and surface roughness of the flaw 
and test piece. 
 
 
3  Photoelastic Observations on the Characteristics of Rayleigh waves 
 
Having demonstrated the presence of the Rayleigh wave using the glass V1 block, the 
dynamic characteristics of the Rayleigh wave were investigated by having the Rayleigh wave 
interact with different surface geometries.  This was accomplished by initiating a forward 
moving Rayleigh wave on a concave curved surface and on a sharp right-angled surface.  The 
two glass specimens that were used for this process are shown in Figure 7.  
 

 
Figure 7 Glass specimens used to illustrate Rayleigh wave contour interactions 
 
 
The phased-array probe was placed on the step of the blocks and configured to direct a 
nominal 88° refracted shear wave towards the centre of the block.  Block dimensions and the 
approximate probe positioning is indicated in Figure 8.  
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Figure 8 Block dimensions and approximate probe placement for photoelastic 
imaging of Rayleigh waves 
 
 
3.1 Right-angle Glass block 
 
Unlike the shear headwave that is continuously formed by a high-angle glancing compression 
mode, the Rayleigh wave is formed at a single point where the pulse impinges on the test 
piece from the wedge.  Because its velocity is approximately 92% of the shear mode velocity, 
the separation of the Rayleigh wave from the shear mode is not immediately apparent.  In 
Figure 9 the nose of the phased-array wedge is approximately 16mm from the vertical face of 
the right-angled glass block and we see that the Rayleigh wave has separated from the shear 
mode by only about 2mm. 

 
 
Figure 9 Separation of Rayleigh wave from bulk shear mode 
 
  

Shear mode 

Rayleigh mode 
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The events just after the shear and Rayleigh waves have interacted with the right-angled 
corner are identified in Figure 10.  Upon reaching the 90° corner, diffractions occur.  Firstly, 
the incident bulk shear mode (6) diffracts and manages to curl around the right-angled corner.  
No mode conversion to compression can be detected (perhaps too weak).  Shortly after that 
the Rayleigh wave pulse reaches the corner.  Mode conversion to both compression mode (1) 
and shear mode (4) can be seen and as the compression mode (L-mode) forms a circular tip 
diffraction, the portion that glances along the vertical glass free-boundary also forms a shear 
headwave (2) that connects to the diffracted shear wave (4).  A Rayleigh wave is again seen 
moving vertically (3).  Since the initiation time is the point at which the Rayleigh wave hits 
the right-angled corner, it is not evident if the vertical moving Rayleigh wave is the same 
wave as was seen moving horizontally or if it is a newly formed Rayleigh wave from the tip-
diffracted shear mode.  When the tip diffracted shear wave formed by mode conversion from 
the Rayleigh wave is followed down below the right-angled corner, we can see a phase-
inversion typical of a backscattered pulse.  
 

 
 
Figure 10 Wave modes formed after mode-conversion of an incident Rayleigh wave 
 

1. L-mode converted from Rayleigh (not from incident shear?)  
2. Shear headwave from glancing L-mode 
3. Rayleigh wave having travelled around the corner 
4. Shear wave mode converted from Rayleigh (forward scattered) 
5. Shear wave mode converted from Rayleigh (back scattered) 
6. Incident shear mode (from nominal 88° shear mode using 16 elements of 5L16 probe) 
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3.2 Radiused Glass block 
 
Diffraction is generally thought of as the process where a wavefront is spread out as a result 
of passing through a narrow aperture or across an edge.  When there is no abrupt geometry 
change (edge) we do not normally think of the spreading process as diffraction.  However, by 
continuously passing over a free boundary it may be reasonable to think of the glancing 
incidence as a form of diffraction.  By a process of continuous diffraction/spreading as it 
moves along a smooth curved surface, the shear mode pulse maintains a connection with the 
Rayleigh wave.  Figure 11 shows separate high intensities of the Rayeligh wave and bulk 
shear wave with a fainter pulse linking them as they move off in different directions.  

 

Figure 11 Rayleigh wave and bulk shear modes formed on curved surface 
 

When we look closer at the region near the transition between the Rayleigh wave and bulk 
shear mode we see a marked difference in wavelength between the bulk shear, Rayleigh wave 
and the connecting creeping wave (see Figure 12).  Figure 12 overlays a zoomed image of the 
3 waveforms with estimates of the wavelengths based on the image intensities from peak to 
peak.  The background image in Figure 12 indicates how the bulk shear mode manages to 
maintain its relatively short wavelength while the Rayleigh and creeping waves seem to trend 
to increasing wavelengths.  
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Figure 12 Apparent wavelength differences between the bulk shear, Rayleigh and 
creeping waves 
 

4. Discussion 
As a result of marketing, the term “creeping wave” has taken on an erroneous connotation in 
practical NDT.  In an earlier paper [10] we described how some authors identified the 
glancing incidence of a high-angled longitudinal  mode as the so-called “creeping wave”.  
This mode was used to detect near surface flaws.  The same authors also used the term 
“creeping wave” as the origin of the signal identified as the Inside or ID creeping wave.  It 
created significant confusion because signal identified as the ID creeping wave can be 
identified in the photoelastic images as the bulk shear mode.   
 
More accurately, the generation of a creeping wave relies on the principle of diffraction.  A 
wave front diffracting on a smooth edge of an obstruction spreads around the obstruction into 
the shadowed space behind it.   
 
Franz [12], who had advanced Sommerfeld’s theory [11] of radio waves moving around the 
earth, is in fact credited with using the term creeping wave (Kreichwelle in German) to 
describe the circumferentially propagating waves.  Neubauer et al [13] described the process 
using schlieren imaging where a pulse impinged on an aluminium cylinder in water and the 
“Franz” wave was detected.  More relevant to our photoelastic imaging is the concept of the 
creeping wave described by Langenberg [14] where the SV shear mode impinges on a 
cylinder with a stress free surface (e.g. a side drilled hole in steel).  In Part 3 [15] of this series 
of photoelastic imaging we imaged the effect seen on the side drilled hole where we gave the 
spiral-shaped wavefront the term “spiral-head wave”.  Much as a compression wave making 
glancing incidence on a curved surface generates a curved head wave, an incident shear mode 
on the curved surface of a side-drilled hole remains connected to the surface wave that is 
formed as the shear mode makes glancing incidence on the hole.  Due to the similarity of the 
formation of a connecting pulse between the bulk shear and glancing compression mode on a 
free boundary resulting in the headwave, we called the wavefront connecting on the surface 
wave to the incident shear wave the spiral head wave (otherwise known as the creeping 

Rayleigh 

Shear 

Creeping 
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wave).  Langenberg’s EFIT modelling predicts that an incident SV shear wave on a side 
drilled hole results in mode conversion together with creeping waves in both modes (see 
figures 15.24-15.26 in Langenberg).  They explain that creeping waves result from the 
enforcement of the boundary condition.  The image intensity available in the photoelastic 
imaging was not sufficient to detect the creeping waves formed by the mode conversion to 
compression mode in Part 3 of this series [15].   
 
5. Concluding Remarks 
Photoelastic imaging provides an effective method of identifying the Rayleigh wave and can 
be used to illustrate the ability of the Rayleigh wave to follow surface contours.   
 
The creeping wave originally identified by Franz (not to be confused with nomenclature 
associated with the so-called creeping wave probe) is effectively illustrated by having the 
Rayleigh wave move along a curved surface.   
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