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Abstract: 

The possibility of cracks and other flaws occurring transverse to the direction of welding must not be 

taken lightly.  The detection of such flaws is always included in the training of UT operators but 

operators rarely experience these flaws in practice, so their skills can atrophy.  Experience has shown 

that transverse cracks can and do occur for a variety of reasons and their detection may not be 

straightforward.  This paper discusses the use and limitations of conventional UT methods and how 

new methods can contribute to a more effective inspection.  Both Manual Ultrasonic Testing (MUT) 

and Automated Ultrasonic Testing (AUT) are considered. 

 

Introduction. 

Transverse flaws (T-flaws) in welds are those which run transverse to the direction of welding (fig.1.). 

(Those that run along the direction of the weld are termed ‘longitudinal’).  For most construction 

welds it is the presence of cracks or similar planar flaws which are of greatest concern.  It has 

frequently been said that modern welding methods are not susceptible to transverse cracks, so that 

scanning for them doesn’t need to be included into the inspection requirements.  This tendency to 

omit transverse scanning has been especially true for Automated Ultrasonic Testing (AUT), which 

generally requires additional probes for such scanning.  Such an omission should only be accepted 

after serious consideration.  

Key factors in welding that contribute to poor weld quality, especially a tendency to cracking, are: 

incorrect heat input (both pre- and post-heating), the chemistry, relative strength and moisture 

content of the weld consumable and the degree of restraint of the weld.  If these are not properly 

chosen and controlled then the weld metal can crack.  This may be either along the length of the 

weld or transverse to it, and sometimes both.  They can occur as hydrogen cracks, cold cracks, 

delayed cracks or copper cracks.  Transverse environmental cracking (such as stress corrosion 

cracking), which can occur in operation, is not specifically dealt with here. 
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Fig. 1. Transverse root cracking. 

 

 

Cracks can be extremely fine and, to be seen by eye, frequently need to be highlighted by magnetic 

particle testing (MT).  Transverse cracks extend down into the thickness of the weld and can run 

directly away from the surface i.e. normal to it, or at an angle to it (e.g. chevron cracks). They may 

also be single cracks or show branching along their length.   

(a)       (b)   

  Fig.2 . Chevron Cracks (a) can be very flat in section, and (b) can run in both directions. 

       (a)    (b)   

 Fig.3.   Stress Corrosion Cracking (a) transverse to and through a girth weld, (b) the same in section. 

Similarly, if copper contaminates a weld this can also result in cracks (Ref.1.), which also frequently 

have complex and transverse structures, e.g. 

  



(a)-MPI of flush-ground weld root 

  (b)      (c) 

Fig.4 . Examples of cracking due to copper in the weld. 

 

Manual Ultrasonic Testing (MUT) of transverse flaws. 

In general, ultrasonic testing requires that the ultrasonic beam is directed as near to straight at (i.e. 

normal to) the reflecting face of the flaw as can be managed.  For a transverse flaw this implies that 

the beam must point directly along the length of the weld (Fig.5.).   

   

Fig.5 .Flush grinding gives the best detection of T-flaws. 

When testing from the outside of a pipe this means that the probe has to be placed directly on top 

of the cap of the weld.  Unless the weld cap has been ground flat enough for the probe to sit on it 

with no gap under it, the coupling of the probe to the sample will be compromised.  Standards allow 

a gap under a probe of up to 0.5mm to avoid such a coupling problem.  Mechanised welds often 

have caps that are broad and flat enough to give adequate coupling without grinding them, but 

manual welds generally need the cap to be ground flat before testing in this way.  Because the crack 

may be angled unsympathetically to the angle of the beam from the probe, it is good practice to 

scan in the reverse direction as well, with the probe turned through 180°.  If the inspection requires 



flaws to be characterised before rejection or acceptance, then this cannot generally be done on an 

unground cap and it must be ground flush with the surrounding surface if the probe is to be 

manipulated (e.g. by orbiting or translational scans) for characterising and sizing estimates to be 

made.   

A common solution, to avoid grinding the weld cap, is to put the probe on the surface beside the cap 

and at an angle to it, so that the beam is directed into the body of the weld from the side, as shown 

in fig.6.  The probe acts as both transmitter and receiver. 

 

Fig.6. Scanning from the side to avoid grinding the cap. 

Although the angle of the beam to the line of the weld is normally limited in MUT procedures (e.g. a 

maximum of 15° is typical - e.g. ref.2.) it is clear that, for a plane flaw, most of the ultrasound is 

reflected away from the probe (see fig.8.).  Consequently, detection of the flaw depends on there 

being sufficient reflecting facets in the flaw’s surface roughness to give a sufficiently large reflected 

ultrasonic wave travelling back to the transmitting probe.  In order to improve the likelihood of the 

crack’s facets being detected, the MUT procedure using this type of scan will often state that it must 

be done four times, first with the beam from left to right and then again with the beam from right to 

left, and then repeating it both above and below the weld, as shown in fig.7.  The technique of 

slightly oscillating the angle (‘wiggling it’, if you will) also improves the chance of insonifying a 

reflecting facet on the face of the flaw to improve its probability of being detected (the ‘PoD’).  The 

probe angle (the angle of the beam relative to the surface) is clearly also significant, and using a 

variety of probe angles (e.g. 45°,60°,70°) similarly helps to improve the PoD for T-flaws, though 

taking longer to do of course.  For thick welds particularly, testing may be done from both inner and 

outer surfaces to get full through-wall coverage. 



 
Fig.7.   Showing four scans for each probe beam angle. 

It will be apparent that the two ways of avoiding grinding the cap completely flush (i.e. just grinding 

a limited flat area on the top of the cap or working from the side) can give a problem with 

consistency.  The system sensitivity will normally be set using the reflection from a surface slot or 

drilled-hole, pointing the beam directly (normal) at the calibration target in a flat plate.  If this is not 

the geometry of the test, the detectability of flaws will not relate directly to the size of the 

calibration target.  Additional sensitivity may need to be used if such a test is to be equally sensitive 

to the flush-ground situation.   

Another method of MUT for detecting T-flaws without the need to grind the weld cap is the Tandem 

(or ‘double’) probe method (Ref.3. & fig. 8.).  A second probe is placed on the opposite side of the 

weld to receive the energy specularly reflected from the flaw.  Since a strong signal should be 

expected from this geometry, one might also expect good detection sensitivity, especially for flaws 

which are predominantly planar, with their plane substantially transverse to the line of the weld.  

Both transmitting and receiving probes must be held together as they are scanned for this system to 

work, and this means that some form of jig must be made to hold the two probes.  This may explain 

why the method is used only infrequently.  There are also limitations to this method (common with 

AUT implementation), and this will be dealt with further in the AUT section. 

   

 Fig.8 .  Tandem (or ‘Double-probe’) technique. 

While some comment has been made about the differing reliability of the MUT methods, there has 

been no quantitative study of their effectiveness reported in the literature.  It would be unrealistic to 

consider that PoD studies for flaws along the weld length (longitudinal flaws) would be typical too 



for the detection of transverse flaws by the methods described here.  Neither have there been any 

PoD studies reported (Ref 4.) which included transverse flaws tested by MUT. 

 

 

Automated UT of T flaws 

Automated UT (AUT) systems generally use the ‘tandem technique’ for the detection of transverse 

flaws in a pipe weld.  The method is illustrated in fig.9.  It shows, (a), a pair of conventional UT 

probes with a squint angle between them arranged to be sensitive to the reflection from a purely 

plane and transverse flaw (shown in red) extending roughly transverse to the weld in a pipe. The 

distance from the probe to the weld is set so that the beam skips off the inside of the pipe (the ID) as 

it travels from the transmitter to the crack and then to the receiver.  A second pair of probes may be 

added to the AUT system (fig.9 b), with the range set to detect a flaw on the inner surface (ID) using 

a direct beam from the transmitting probe to the flaw which reflects on to the receiver (i.e. at half 

skip).   

 

Fig.9. (a) probes for OD flaw detection, (b) for ID detection. 

Seven commercial systems were tested on simulated T flaws (slots cut by hand) in tests reported in 

ref.5 .  Rather variable performance was found.  None of the systems found all the slots and some 

only detected half of them.  The absence of good standards for the detection of T-flaws was also 

noted.  There seems to have been little change in practice since that time.  Following these 

‘laboratory’ tests, in 2003 an extensive field evaluation was conducted of one system (fig.10.), 

alongside Radiographic Testing (RT), during a pipeline construction project (ref.6.).  



 

Fig.10. ‘Pipewizard’ with Transverse Probes indicated. 

 

This highlighted the difficult of setting meaningful requirements for T-flaws and especially how 

difficult it is to define an effective calibration.  An inconsistent calibration is, of course, a major 

hurdle to the reliable detection of flaws.  Work to improve this area was reported later (in ref.7.).  A 

detection requirement was specified based on the fatigue specification for that specific pipeline 

project and a calibration test-piece was made with EDM slots, of a range of depths and locations.  

These were scanned by the AUT system.  It was found that the signal size did not simply increase 

with increasing slot size.  This was so both with the cap of the weld left as it was welded and also 

when it was ground flat and flush with the surrounding pipe.  The signal did not simply increase as 

the slots were made deeper but were sometimes smaller for deeper slots.  These effects were 

ascribed to interference of the signals reflected from the top and bottom of the slots and a 

pragmatic solution was adopted, using a system-gain based on a conservative interpretation of the 

results.  This approach did not give unacceptable spurious indications, as had been feared initially. 

It will be noted that only inner and outer surface-breaking transverse flaws have been described so 

far.  Mid-walled transverse cracks can occur (e.g. copper cracks) and, if their detection is considered 

important, then improvements may be needed. 

AUT is most frequently used where mechanised welding (such as GMAW - ref.1) is used.  The logic 

for this is that if a fault occurs in the welding process, then it may give rise to a fault that is a large 

fraction of the whole weld length (up to a half of the circumference could be defective) and may 

persist from weld to weld.  The reliability of the testing needs to be higher than in the case where 

flaws are less extended (e.g. in manual, stick-welding).  However, when asked, welders will often 

assert that the GMAW process is not susceptible to transverse flaws, so that the extra complication 

and expense of using a transverse flaw system is not warranted.  This is a poor argument, as such 

flaws can and do occur and it is the function of the UT to demonstrate that the welds are well made, 

(or otherwise).  Transverse flaws may not, in themselves, be very significant in terms of a materials’ 

strength because they will rarely propagate much beyond the confines of the weld, though they may 

extend during a pipeline’s use if the metal is fatigue cycled.  The greatest need for T-flaw detection is 

as an indication of a failure in the quality of the welding i.e. something has, or is, going wrong.  

Therefore, effective T-flaw detection is essential.  On the other hand, if an overly elaborate system is 

employed there may be some concern that spurious indications could be reported (see ref.8 .).  A 

balance must be drawn. 



UT reliability. 

Earlier criticism of the lack of knowledge of MUT’s reliability in detecting transverse flaws is equally 

appropriate for AUT systems.  This is not surprising given the practical difficulties of doing such 

testing; Flaws must be made deliberately in test welds and then subjected to the AUT to see if they 

are found.  The problem of making realistic flaws in test welds is a real one.  Not many companies 

can make realistic flaws deliberately, especially transverse flaws.    In order to achieve a typical 

requirement to demonstrate a 90% probability of detecting a flaw (PoD) with 95% confidence, then 

29 flaws must be successfully detected, with none being missed.  This is an onerous requirement and 

is supported only within projects with large capital budgets.  No such study has been reported for T-

flaws in the literature. It would be a worthwhile future objective to quantify AUT performance for T-

flaws, perhaps using a modelling approach, for example using the ‘CIVA’ software, in the way 

described in ref. 9. 

Most AUT systems include specific ToFD probes to aid in flaw detection and especially in 

characterising and discriminating flaws.  It has become apparent that ToFD can also contribute to an 

improved reliability in detecting transverse flaws, including mid-wall flaws, and this is worth a fuller 

description. 

 

The detection of Transverse flaws using Time of Flight Diffraction (ToFD): 

ToFD can be used as part of an AUT inspection or as a stand-alone MUT operation.  The basic 

functioning of the ToFD system has been well documented (ref.10).  However, its ability to detect 

flaws that are transverse to the direction of the weld is not generally known.  Many operators may 

think that such flaws cannot be detected by ToFD.  

The normal ToFD configuration, with two probes straddling a weld, is sensitive to planar flaws along 

the weld length (longitudinal) which present the incoming plane wave with an extended crack tip 

which diffracts it.  However, as fig.11 shows, a T-crack presents an edge with no thickness, much like 

a needle-point.  Since it presents almost no obstruction to the wave-front, it will diffract only a small 

proportion of the incoming wave-front. This means that the diffracted energy is small and spreads 

out from the tip as a spherical diffracted wave-front (according to the inverse-square law), so that 

the signal arriving at the receiver is likely to be extremely small.   Now consider the situation as the 

two ToFD probes are scanned along the weld.  As the pair of ToFD transducers approaches the flaw, 

the side of the ultrasonic beam impinges onto the side of the flaw and it is this which is detected, by 

a combination of off-paraxial energy being reflected, scattered and diffracted from the flaw.  Fig.12 

illustrates this for a plane flaw, but most flaws will also have facets, some of which may also reflect 

coherent, specular energy so as to increase the signal size.  



  Fig.11.             Fig.12. 

Figure 12 shows that the scattering has to happen at quite an oblique angle for the energy to travel 

forward to the receiving transducer.  Forward reflection and scattering in this way is a function of a 

number of factors.  The degree of roughness of the surface of the flaw is, of course, fundamental.  

This is both in terms of the height of the roughness and how rapidly the roughness changes along 

the length of the flaw (normally described by the ‘correlation length’ of the roughness).  As 

Krautkramer describes by analogy with visible light (in ref.11.), - at one extreme, a smooth reflector 

is like a clean mirror, which is quite invisible, except in the direction of the specularly reflected 

beam.  When the mirror is covered in dust it becomes more visible by virtue of the light scattered by 

the dust into other angles.  The proportion going into these other angles increases with an increasing 

amount of dust.  The other extreme is matt white paper, which only reflects light by diffuse 

scattering, with no specular, mirror-like, element at all.  At ultrasonic frequencies these processes 

occur at much larger dimensions than is the case for light.  This was shown to be true for ultrasonic 

back-reflection and scattering in the experiment described in ref.11, (at fig.5.13a), which showed 

significant reflection at the incident angle together with fairly constant scattering into all other 

angles.   

The consequence of this is that, as a ToFD system approaches a purely transverse, planar flaw (which 

is normal to the surface of the test-piece) the incident beam amplitude grows in strength as the flaw 

approaches the centre of the field of the transmitter.  At the same time the angle subtended by the 

flaw, as seen by the incident beam, reduces.  The detail of this combination of increase & reduction 

depends on the detail of the flaw’s reflecting surface and the transducer beam shape.  As the probes 

scan past the centre of this type of flaw the signal appears in reverse compared with when 

approaching it, making the overall shape of the signal a symmetrical hyperbola.  There appears to be 

only one experimental example of such a signal in the literature (ref.12 & 13 and fig.13). 



   (a)    (b)   

Fig.13. Transverse crack indication (a) full thickness, (b) detail. 

  

ASME V (ref.13. para. N-481(i)) indicates that this hyperbolic form of ToFD signal is ‘similar to a point 

flaw’ so that ‘it is normally not possible to differentiate transverse cracks from near-surface 

porosity’, and that other inspection modes would be needed to characterise the flaw.  Clearly the 

scattering process differs for the two flaw types mentioned here, suggesting that it is the beam to 

flaw geometry which is the more significant factor in giving the signal shape.  

The process can be simulated using the CIVA * modelling software (ref.14.), as reported by Ginzel 

(ref.15.) and reproduced in Fig.14. (by permission). 

  Fig.14. 

(* While CIVA is principally a ray-based model, the latest version includes a lexicon of flaw shapes 

which links into it, applying a finite element model to solve the field locally to the flaw, so that it can 

include scattering in a realistic way.) 

 

Chevron Cracks 

Transverse cracks can also occur at an angle to the surface and are often called ‘chevron cracks‘. 



Chevron cracks are as illustrated in figs.2 & 15, being at roughly 45° to the surface and can be in 

either, or both, directions to it.  The sectional detail in Fig. 2. shows that they can be very tight and 

planar (indeed mirror-like at ultrasonic frequencies).  This can make scanning beside an unground 

weld cap prone to missing flaws and a test with the probe directly on top of the weld is much to be 

preferred, either with the cap flattened, or flush with the surrounding surface.  When a 45° probe is 

placed directly on the weld cap, as in fig.15, it is clearly ideal for finding such a flaw, but when it is 

beside the cap, as in the bottom detail of the figure, it is far from ideal.  Scanning from both 

directions along the weld is essential to catch both orientations of flaw. 

 

Fig.15. Scanning for a chevron crack either on top of the weld or beside it. 

The ToFD system has been shown to be sensitive to such flaws and has a characteristic shape, with 

only one side of the parabola (previously discussed) being visible.  The reason for this is clear when 

considering the illustration in fig 16:  On the left hand side of the scan the flaw should give a good 

reflected signal and, scanning then to the right hand side, the ultrasonic energy then goes straight 

past the crack with only a small diffracted signal to be received.  Some real examples are shown in 

Fig. 17. 

 



Fig.16. The portion of the ToFD beam which is incident on an angled chevron crack is not 

symmetrical about the beam centre. 

a      b   

Fig.17. Illustrating the asymmetrical form of parabola from an angled crack. 

This unusual signal in ToFD may be taken as good evidence for the possibility of chevron cracks being 

present.  However, the use of ToFD on its own should be avoided when possible, due to the 

method’s great sensitivity.  The ASME guidance on this for transverse cracks, i.e. that ‘other 

inspection modes’ should also be used, should be followed when characterising flaw type, especially 

when any unusual flaws are encountered.  ToFD is generally very accurate in characterising the size 

of a flaw, but where it is working by reflection rather than diffraction, this may not be so, because it 

is the locations of the reflecting facets that may dominate the signals.  No qualification testing of the 

ToFD system in this situation is currently available in the literature to guide the practitioner. 

 

 

Nomenclature for Transverse scanning. 

Unfortunately, the nomenclature for transverse scanning is rather variable internationally. Table 1 

compares a European and American standard and shows that there is great scope for confusion. 

T-flaw Scan Description BS EN ISO 17640 

& BS EN 1714 

AWS D1.1 
(16)

 

Scan for transverse flaw with the probe on top 

of the cap (c.f. fig.5 .) 

Scan Positions 

C,D,E,F. 

D-Scan * (cap must be 

flush) 

Scan for transverse flaw with the probe at the 

side of the cap (c.f. fig.6 .) 

Scan Positions 

W,X,Y,Z. 

E-Scan** (cap not flush) 

Table 1 - International Nomenclature is compared for transverse-flaw scanning. 

* D-scan is a term generally used in Europe when visualising or imaging a flaw, showing it as 

projected onto the side of the weld (and very often ToFD data is displayed in this way). 



** E-scan is the term also used in American texts (e.g. by Olympus) as shorthand for ‘electronic 

scanning’ which is specifically used to describe the consecutive sampling of the signal along the 

length of a phased array probe in order to emulate a physical translation (i.e. sliding) of the probe in 

the direction of the beam. 

Discussion 

The low reliability of detecting transverse flaws by the methods described in earlier sections of this 

report may be of some concern, but needs to be put into context.  Historically, Radiographic Testing 

(RT) was extensively used and it was found to be able to detect transverse flaws with some degree of 

confidence.  There is no reason to believe, though, that RT has any better detection of transverse 

planar flaws than of longitudinal planar flaws, and there is ample evidence that the detection 

probability (PoD) for both is fairly low, especially for tight and planar cracks.  (Codes almost 

exclusively classify cracks as ‘defects which must be rejected’).   

Ultrasonic methods are generally accepted to be better than RT in detecting planar flaws, as long as 

the UT energy can be oriented correctly and directly at the flaw.  It was seen that this may not 

always be possible for transverse flaws.  Even for longitudinal planar flaws, detection by MUT is far 

from perfect and 50% has been considered as a reasonable general PoD figure; For AUT the best 

reliability that’s considered practicable for pipelines means that 10% can be missed (ref.17).  It is a 

matter of judgement as to how much poorer is the detection of transverse flaws but the results for 

surface notches suggests it is really substantially worse. 

How significant are transverse flaws?  Their length will rarely exceed the weld width (i.e. they may 

go all the way across the weld and extend only slightly into the parent material), so their significance 

may be considered to be very limited, unless they grow in the lifetime of their operation, e.g. by 

fatigue.  If the environment is benign to such flaw growth, then the commissioning hydrostatic 

testing guarantees the safety of a pipeline, even against missed flaws.  The function of the NDT is 

most importantly to facilitate control the overall quality of the welding and, to do this, UT operators 

must be vigilant against any tendency to dismiss unusual signals.  This is difficult, bearing in mind 

that transverse flaws are generally rare, so there is little opportunity to practice the skills of 

investigating and characterising them.  Training schools can play a part in this, especially during the 

periodic re-testing for operators. As is often the case with NDT, other methods should always be 

brought to bear to clarify such signals and to feed back any problems to other staff.  Newer 

methods, like ToFD inspection, can play their part in doing this in an expeditious and cost-effective 

way.   

The significance of missing transverse flaws can also be considerable in financial terms.  In a recent 

legal case (ref.18) it resulted in a claim for some hundreds of millions of dollars. 

 

Conclusions 

• The detection of transverse flaws should be considered as important as other flaws.  

Procedures should always reflect this, recognising that detection probability is often lower 

than ideal.   

• Where it is particularly important to an application, specific proving of the UT system is 

recommended, possibly linked with an ECA specification. 

• It is implicit in testing welds that we accept that welding can go awry and produce defects, 

including transverse defects.  Such defects will not all be detected by the NDT, so that 



repairing all defects that are found does not guarantee a fault-free product.  The role of NDT 

is fundamentally as a ‘quality control’ tool to guarantee good welding. 

• The use of the Time-of-Flight-Diffraction method (ToFD) can greatly assist in improving the 

detection of transverse defects.  Such information should be used where more reliable MUT 

is needed and always with AUT data analysis. 
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