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Abstract - Guided Wave technology developed for detecting metal loss and wall thinning in pipework. It is pulse echo system 
aimed at testing large volumes of material from a single test point, [1].It is initial application was for detecting corrosion under 
insulation in petrochemical plant , but it has found widespread use in other inspection situation where pipe or tubes are not 
accessibl.Unlike the other published paper which concentrate on detection of corrosion, in this paper the concentration is on 
signals evaluation techniques ‘’Focus Response’’ for close estimation of corrosion dimentions. However Guided Wave is 
known as corrosion monitoring method, by applying Focus Response evaluation techniques, it is possible to obtain details 
information of suspected features and severity of defects by means of defects extension around circumference of pipe without 
applying another conventinal technique.  
 
Index Terms - Guided Wave, Corrosion, Focus response 
 
I. INTRODUCTION 
 
Guided wave is primarily screening tool. The aim of 
the inspection is to test long lengths of pipe rapidly 
with 100% coverage of the pipe wall and to identify 
areas of corrosion or erosion for further evaluation 
using other NDT method such as conventional 
ultrasonic test. The technique is sensitive to metal loss 
on both the outside and inside of the pipe.  It is pulse 
echo system aimed at testing large volumes of material 
from a single test point. 
 
This technique involves transmitting ultrasonic Lamb 
waves along the pipe length. By using this method 
approximately 50 meter of pipe can be inspected from 
a single location in the best condition. The system has 
the ability to inspect the pipe in difficult areas, such as 
road crossings and insulated pipes or elevated. The 
technique is especially sensitive for detection of 
corrosion damage in pipes. This equipment allows a 
rapid screening of the all pipe; screening tools for fast 
assessment of large parts of installations, Instead of 
ultrasonic spot checks. 
Lamb waves have the potential of propagating over 
long distances. This System is an ultrasonic unit that 
clamps onto the surface of the pipe to be examined and 
sends a torsional and longitudinal wave along the 
pipeline. This technique allows detecting locations 
where a minimum of 5% cross section area has been 
eroded or corroded away. It is a useful tool for 
searching corrosion of pipe surfaces at pipe supports, 
underneath insulation, underground piping,  
 
Guided waves travel across the pipe bends, supports, 
welds, T-joints, etc but cannot pass across flange joints 
and end pieces. It also gives qualitative information 
about defects, as only an UT measurement allows 
defining how much the thickness reduction in the 
indicated area has been. Welds cause reflection signals 
at regular distance, providing reference for sensitivity 

settings and use to set distance amplitude correction 
(DAC) curves, see 
Fig 1.  
 

 
Figure 1:Providing refrence sensitivity 

 
In the case of pipe features such as a girth weld, the 
increase in thickness is symmetrical around the pipe, 
so the reflected wave is also symmetrical with same 
wave mode as the incident wave. In this case we don’t 
have mode conversion signal and this kind of 
symmetrical signal will show as black color signal in 
A-scan presentation.see Fig 2 In the case of an area of 
corrosion, the decrease in thickness is not 
symmetrical, leading to scattering of the incident wave 
in addition to reflection the mode conversion also will 
occur, [3]. 
 
The reflected wave will therefore consist of the 
incident wave mode plus the mode converted 
components. Therefore this mode converted signal 
arises from a non-uniform source. This kind of 
non-uniform signal will present with red or blue color 
in A-scan presentation. The presence of these signals 
is a strong indicator of discontinuities such as 
corrosion, see Fig 3.  
 
A major complication for guided wave system to 
compare with conventional ultrasonic system is the 
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dispersive nature of guided waves. In the case of 
dispersion the velocity of most guided waves varies 
with their frequency, see Fig 4 
 

 

 
Figure 3: typical corrosion spot is non-symmetric 

 
Figure 4: Typical dispersion curves 

 
These are for a specific pipe diameter and wall 
thickness. Other diameters and thicknesses will have 
their own families of dispersion curves. It can be seen 
that the torsional T(0,1) wave is non-dispersive. That 
is its velocity is constant irrespective of frequency. 
The L(0,1) wave is highly dispersive with wide 
variations in velocity with frequency. The L(0,2) wave 
cannot exist at frequencies below about 20 kHz. 
 
These causes major complication to calibrate the time 
base of the A-scan signals to read as distance and not 
time. For this purpose the system requires a computer 
program to read a velocity for the selected test 
frequency and thickness from a dispersion 
curve.There is a library of dispersion curves built into 
the equipment and software for range of pipe 

diameter/wall-thickness combinations.   Tree test 
locations and also the sketches showing overview of 
pipe location is shown in Fig 5. 
 

 
Figure 5: Overview of pipe and examination locations 

 
Presentation of result  
For this specific thickness and diameter of the pipe the 
test frequency has chosen 37 KHz with torsional mode 
of guided wave in both directions of the pipe.In A-scan 
plots an additional DAC curves has been added to the 
analyses screen. This DAC curve will form by 
connecting the tips of back reflecting signals from 
welds which are at the same intervals.The A-scan 
presentation of location one is chosen to show in this 
paper which is Fig 6. In below of this A-scan, the 
details of indications involve, type of each indications 
and distance from datum point is illustrated.  
 

 
Figure 6 : A-scan presentation of location 1 

 
Evaluation techniques 
Black & Red Signal technique 
The general evaluation technique in all  Guided Wave 
tools  is amplitude response directly from red and 
black signal in A-scan presentation. The black echoes 
represent from feature that are symmetric around the 
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pipe such as welds and flanges and the red echoes 
represent from none symmetric feature such as 
corrosion and supports. The ratio of the red and black 
signal can be used to approximate the circumferential 
extent of the observed feature, Fig 7 
 

 
Figure 7: Ratio between red and black signal 

 
Some Guided Wave tools and softwares has ability to 
send and recive ulrasonic signal during phased delay 
which lead to focus ultrasonic waves in specifc 
location.By using this specific ability, the focus 
response technique can be done to get more 
information of suspected area. 
 
Focus Response technique 
Indications identified on the A-scan are evaluated on 
the basis of a combination of the signal amplitude and 
directionality of the focused response. 
In order to provide a means of identifying defect 
which are potentially significant in terms of the 
integrity of the pipe , it’s also necessary to examine 
how localized the response around circumference. 
This may be obtained from the polar response 
chart.The signal are now describe as being of 
amplitude category 1,2 or 3, with category 3 being the 
highest.The additional DAC curve and the areas 
corresponding to the categories above are shown in 
Fig 8 
 

 
Figure 8: Schematic of amplitude category 

 
Category 1 response is those which are lower than the 
green -26 db line (formerly Minor).Category 2 
response are those above the -26 db line, but are lower 
than the new red line at -20 db line (Formerly 
Moderate).Category 3 response exceed the red -20 db 
line (Formly major). 

The collection of focused data from suspected defect is 
an integral part of the test. The result from focused test 
on each defect is analyzed in term of the directionality 
of the response. 
 
If the polar plot shows a high level of directionality , 
indicated by a single peak in the plot at one focus 
angle, it classify by category 3, see Fig 9. This 
indicates that the defect is highly localized on a narrow 
part of the circumference, so that it is likely to be deep 
for a given amplitude response. 
 

 
Figure 9: Category 3 response 

 
If the polar plot has two adjacent high amplitude 
responses it is classify by category 2. This is shown in 
Fig 10. This suggests that the defect is localized but 
has some circumferential length. 
 

 
Figure 10: Category 2 response 

 
If the polar plot has 3 or more adjacent high amplitude 
peaks, see Fig 11it is classify by category 1.This 
suggests that it is spread over a wide area of 
circumference, so that it is likely to be less deep for a 
given response amplitude. 
Also there is a directionality of category 0, which 
correspond to the approximately uniform response 
around the circumference obtained from a weld, see 
Fig 11 
 

 
Figure 11: Category 1&Category 0 response 
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CONCLUSION 
 
In this paper it was shown that the application of focus 
response guided wave technique for corrosion 
detection. With this specific technique it is availbale to 
get more information from suspected area in term of 
how localized the ultrasonic response around 
circumference for very close severity estimation of 
each corrosion defects.Although Guided Wave 
method is known as  a monitoring system and will 
shows the cross-sectional change of features,  by 
Using Focus Response evaluation Technique, 
dimention of each corrosion defects will achive.The 
most important benefit of guided wave is 100% 
coverage and screening for corrosion. This 
complements conventional NDT, which aims to detect 
and evaluate flaws in specific critical areas. These 
areas are often inaccessible, and can be dangerous for 
test operators, but could be reached by guided waves. 
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