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Non-Destructive Testing + Destructive Testing → Failure Analysis 

If you work in non-destructive testing (NDT), you probably remember that weld defect that got you addicted to 
looking for defects.  That thirst stays with you as you work in the NDT industry.  Have you ever wondered what 
happens after NDT finds a flaw or defect?  Failure analysts are often involved when the customer needs to know 
more after our field personnel identify flaws - not all flaws are created equally.  This article shows damage found 
by our hard-working NDT personnel and it showcases what happens after the flaws are found. 

Hooked on Testing II – Highs and Lows of Findings Flaws – Liquid Penetrant Inspection (LPI) 

LPI is a staple inspection during turnarounds - especially in the stainless steel high-temperature lines used in 
fertilizer plants.  LPI indications (see Figure 1) in this kind of large diameter stainless steel piping can lead to 
explosions.  The piping had widespread cracking next to welds and large fittings.  The customer needed answers 
quickly during the turnaround, so the laboratory came to the customer.  Lab technologists performed 
metallography in the field; the technique is called “in-situ metallography” or “replication.”  The technique is an art 
and a science.  The metal surface is carefully polished to a mirror finish and etched with chemicals.  An 
impression of the metal structure is captured on soft plastic tape.  The tape is examined under a microscope. 

 
 

Figure 1 – LPI indications in nickel chromium 
iron alloy pipe 

Figure 2 – Replica of LPI indications at the 
Heat Affected Zone, 10% Oxalic Acid Etch 

In this instance, Stress Relaxation Cracking caused these cracks (see Figure 2).  The mechanism happens in 
service at high temperatures and high stresses in older equipment.  The metal tries to relax the high stresses by 
changing the structure, which results in cracks.  These cracks became the critical path for the turnaround.  These 
cracks were removed by grinding, and then the material was replaced by weld repair.  The removal of the cracks 
was verified with LPI and replication.  Would you like to know more details about this type of damage?  API RP 
571 “Damage Mechanisms Affecting Fixed Equipment in the Refining Industry” and API TR 942-B “Material, 
Fabrication, and Repair Considerations for Austenitic Alloys Subject to Embrittlement and Cracking in High 
Temperature 565°C to 760°C (1050°F to 1400°F) Refinery Services” have information about Stress Relaxation 
Cracking. 

Find more information about this type of failure in API RP 571, “Damage Mechanisms Affecting Fixed Equipment 
in the Refining Industry”; the standard has information about diagnosing damage like Caustic Stress Corrosion 
Cracking, and it has good images of this kind of damage. 


