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Abstract 
Due to aging of petrochemical plant and expectation of corrosion happening in their pipework, long range ultrasonic 
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 accessible, for example where they are buried, encased in a sleeve or elevated above the ground. The purpose 
of this inspection is to examine and monitoring corrosion and erosion where possible the section of line passes along 
the elevated pipe-rack and classify indications as minor, moderate and major defect by choosing two reliable 
evaluation technique for further investigation and make decision to provide appropriate maintenance planning to 
ensure the continued operation of plant in a safe side. Unlike the other published paper, in this paper the concentration 
is on signals evaluation techniques. However this method is known as corrosion monitoring method, by applying two 
evaluation techniques, focus response and black & red signal technique, it is possible to obtain details information of 
suspected features and severity of defects by means of defects extension around circumference of pipe, [4]. 
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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, [1].  
This technique involves transmitting ultrasonic Lamb waves along the pipe length. By using this method 
approximately 100 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, [2]. 
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, road 
crossings and underwater piping, [3]. 
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 ultrasonic test measurement allows defining how 
much the thickness reduction in the indicated area has been occurred.     
Welds causes reflection signals at regular distance, providing reference for sensitivity settings and use to set distance 
amplitude correction (DAC) curves, see Fig 1. 
 
Principle of inspection and operation 
Guided wave employs low frequency ultrasonic waves, operating just above audible frequencies, propagated from a 
ring of transducers which is fixed around the pipe. At these frequencies a liquid couplant between the transducers and 
the surface is not necessary, the coupling will achieve by applying mechanical or pneumatic pressure to the back of 
the transducers. 
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The uniform spacing of the ultrasonic transducers around the pipe circumference allows generating symmetrical 
propagated wave. The propagation of the guided waves is based on the frequency of the wave and material   
thicknesses. When the propagated wave’s encounters a change in wall thickness, increase or decrease, a portion of the 
energy is reflected back to the transducers, [1]. 
 
 

 
Figure 1:Providing refrence sensitivity setting by reflection of girth welds 

 
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. 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 2.  
 

         A typical weld is symmetric and localized in the axial                             A typical corrosion spot is non-symmetric and is   
direction looks like a black spike.                                                             identified by the presence of a red signal. 

 
Fig 2 
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A major complication for guided wave system to compare with conventional ultrasonic system is the dispersive nature 
of guided waves. In the case of dispersion the velocity of most guided waves varies with their frequency, see Fig 3, 
[3]. 
 

 

Figure 3: 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. 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 , [5].  
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.   
 
Overview of examination locations: 
Tree test locations and also the sketches showing overview of pipe location is shown in Fig 4 and Fig 5. In this kind 
of elevated pipe it is well understood that, using another method like manual ultrasonic examination for corrosion 
detection will be really time consuming operation and almost not possible.  
  

Fig 4: Sketch of tree examination locations 
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Figure 5: Overview of pipe and tree examination locations 
 
 
The details of examination involve test details and pipe details is illustrated and summarized in table below. 
 

Table 1: Details of examination  
Pipe Inspected: 8"-G-S80-O-GS-RE 
Test Location: Location 1 
Site Location: Aboozar A B 
Test Frequency:  37 kHz 
Wave Mode:  Torsional 
Procedure: Wi044 
Equipment: Version 2.2.0.6253 
Unit ID: TT30704 
Test carried out by: A Simpson, M Taghipour 
Manufacturing Standard ANSI/ASME B36.10M 'Welded and Seamless 
Nominal Wall Thickness: 12.7 mm 
Test Direction: Both 

 
 
Presentation of result and evaluation technique:  
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 shows in Fig 6. In below of 
this A-scan, the details of indications involve, type of each indications and distance from datum point is illustrated. 
This takes into account that large amplitude response will be from a large cross-sectional area defect. Small defect 
cannot produce large amplitude reflection. The small amplitude response dos not necessary mean that the defect is 
small and for evaluation of each indication and its severity should use bellows two evaluation techniques.   
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Figure 6 : A-scan presentation of location 1 
 
 

Table 2: Evaluation of indication 
Distance from datum Indication Type Comments 

-18.83m Weld  

-16.326m Cat 1. Minor Indications 

-13.154m Cat 1. Minor Indications 

-6.262m Weld  

0.043m Pipe Support Cat 2 Indications at 
pipe support 

6.754m Weld  

8.622m Cat 1. Minor Indications 

13.31m T-Piece  

15.345m Weld  

17.438m Cat 1. Minor Indications 

19.087m Cat 1. Minor Indications 
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Focus response evaluation 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 7.  
 

 
Figure 7: Schematic of the A-scan, showing the 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  (formerly Moderate) and category 3 response 
exceed the red, -20 db line (formerly major), [4]. 
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 8. 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, [4]  
 

 
 

Figure 8: Category 3 response  
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If the polar plot has two adjacent high amplitude responses it is classify by category 2. This is shown in Fig 9. This 
suggests that the defect is localized but has some circumferential length.  
 

 
 

Figure 9: Category 2 response 
 
If the polar plot has 3 or more adjacent high amplitude peaks, see Fig 10, it 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 10: Category 1 response                            Figure 11: Category 0 response from a weld                                
 
The overall classification is obtained by multiplying the two values, amplitude X directionality, obtained from a defect. 
A score of 3 or greater gives a recommendation for a High priority follow up, a score of 2 gives a Medium priority 
and a score of 1 gives a low priority. This is summarized in Table 3. 
 

Table 3: Evaluation matrix  
Amplitude Directionality Score Priority 

3 3 9 High 
3 2 6 High 

3 1 3 High 
3 0 0 Weld 
2 3 6 High 

2 2 4 High 
2 1 2 Medium 

1 3 3 High 
1 2 2 Medium 

1 1 1 Low 
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Hence a defect with a high amplitude response always results in a high priority follow up (unless deemed to be a 
feature such as a weld), as does a low amplitude response which is highly directional. 
Quantitative inspections such as radiography or conventional UT are recommended on all classifications of anomalies. 
Interpretation of the Guided wave signals requires thorough understandings of the factors that influence the test output 
and, as with any other sophisticated examination method, experience of the interpretation process. 
 
Black & Red signal evaluation technique: 
There is another evaluation technique of amplitude response directly from red and black signal in A-scan presentation. 
At each change in cross section there is a reflection of the ultrasonic energy that appears as a pick. In order to help 
classification of observed echoes in addition of DAC curve there are another two signal echoes one black and the other 
red. The black trace represent echoes from feature that are symmetric around the circumference of the pipe (such as 
weld and flanges) and the red lines represent echoes non axi-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. This 
information is used in conjunction with the estimated cross sectional loss of weld feature to classify of the type of 
feature and its severity if it is corrosion. For example the tree following signal all represent about 10% of  cross 
sectional area ( as seen through the total wall of the pipe ) however the scenario on the left where the loss is concentrate 
in one area is far more serious than the one on the right. The ratio of red to black allows the determination of this 
distribution of loss see Fig 12. 
 

                   
Figure 12: Ratio between red and black signal illustrated circumferential extent of defects  

 
 
When the black signal is so much higher than red signal, the feature extend significantly around the circumference 
and should be signal from weld or flange. If the red signal and black signal are almost equivalent, the feature does not 
extend very far around the circumference and should be from the deep corrosion or erosion. When the red signal is 
almost half the black signal and lower, the feature should partly extend around the circumference and should be signal 
from corrosion spread around the pipe with low depth.   
 
Conclusion  
In this paper it was shown that the application of guided wave inspection for corrosion detection of inaccessible and 
elevated pipe work. With this technique it is hard to distinguish between corrosion from inside or outside of the pipe. 
The technique is a monitoring system and will show the cross-sectional change of features. By using some reliable 
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evaluation method like focus response and black & red evaluation technique the severity of defects will estimate with 
good approximation. Without applying those two evaluation technique, clarify the situation of each indication will be 
costly, very hard and time consuming by using ultrasonic inspection for each suspected area. Consider a removal of 
coating, excavation in case of buried pipelines and sometime shut down the equipment for more investigation.  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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