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Figure 2 Overall view of straight section of 
hanger arm containing fracture as received at the 
Acuren Facility. 
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Figure 3 Overall view of the opposite side of the 
fracture (short 60˚ bend section) as it exists the gondola 
cover. 
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Figure 7 Shiny area on hanger arm galvanized surface indicating light contact during normal 
operation.  
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Figure 9 Close-up view of thumbnail area showing brittle fracture lines leading 
back to the thumbnail origin.   The red mark is at the centerline  of the intrados of the 
bend.   The grey line is a scratch coming from the middle of the thumbnail (unknown 
origin). 
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Figure 10 Crack arrest at the pipe seam weld.  Fatigue crack grew until reaching 
a critical size and brittle cleavage proceeded.  Microstructure change at weld arrested 
brittle fracture 

 

 
Figure 11 Fatigue crack initiation and growth on opposite side of thumbnail at 
the same relative location as the pipe weld fatigue crack.   .  
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Figure 12 Close-up view of scratch in galvanizing shown at low magnification in 
Figure 5.  

 
Figure 13 Shiny galvanizing from contact with unknown hardware during normal 

operations. 
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Figure 14 Close-up view of deformation in upper reinforcing bracket.  

 
Figure 15 Close-up view of thumbnail origin showing multiple steps before final 

overload occurred. Progressive zones are arbitrarily labelled 1 – 5 for 
reference.  
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Figure 16 Keyence microscope view of fracture at the 6:00 position (black 
vertical mark) on the external surface of the intrados of the bend.   Zones are arbitrarily 
labelled  1 – 5. 
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Figure 17 Reference 1 at roughly the 7:00 position.   
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Figure 18 Reference 2 moving toward the seam weld (100% brittle) 

 
Figure 19 Reference 3 moving toward the seam weld  (100% brittle) 
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Figure 20 Reference 4 brittle fracture arrested at seam weld HAZ. 
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Figure 21 Reference 5 brittle fracture on either side of fatigue cracking through 

seam weld HAZ 
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Figure 22 Reference 6 brittle fracture starting at tip of  HAZ fatigue zone. 

 
Figure 23 Reference 7 brittle fracture in overload zone.   
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Figure 24 Reference 8 brittle fracture in overload zone 

 
Figure 25 Reference 9 brittle fracture in overload zone 
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Figure 26 Reference 10 brittle fracture  in overload zone 
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Figure 27 Reference 11 brittle fracture in overload zone. 

 
Figure 28 Reference 12 brittle fracture in overload zone. 
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Figure 29 Reference 13 brittle fracture in overload zone. 

 
Figure 30 Reference 14 brittle fracture in overload zone. 
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Figure 31 Reference 15 brittle fracture in overload zone.  Note dross on inside of 

pipe 
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Figure 32 Reference 16 brittle fracture in overload zone. 

 
Figure 33 Reference 17 brittle fracture in overload zone. 



 

A25605-J215610_06-01R0 60-TEC010 ARM REPORT.DOCX 

 
Figure 34 Reference 18 brittle fracture in overload zone. 

 
Figure 35 Reference 19 brittle fracture in overload zone. 
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Figure 36 Reference 20  brittle fracture arrested .  Beginning of fatigue crack at 

toe of brittle fracture zone.   Position of fatigue zone roughly 
corresponds to position of HAZ fatigue zone on opposite side of 
thumbnail. 
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Figure 37 Reference 21 end of fatigue and start of brittle fracture heading away 

from thumbnail. 
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Figure 38 Reference 22 brittle fracture  heading toward fatigue zone.   

 
 



 

A25605-J215610_06-01R0 60-TEC010 ARM REPORT.DOCX 

 
Figure 39  Reference 23  brittle fracture heading toward fatigue zone.   
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Figure 40 Brittle fracture  near large thumbnail containing small thumbnail. 

 
Figure 41 Back to intrados at 6:00 position. 
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Figure 42 SEM view of uncleaned thumbnail.  White haze is zinc oxide washed 
onto surface after initial cracking took place.  
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Figure 43 Thumbnail after cleaning with detergent in ultrasonic bath .  Zones are 

labelled 1 – 5 
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Figure 44 Features in origin area right at the surface.  Features are a mixture of 

ductile and brittle cleavage. 
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Figure 45 Features in Zone 1 containing 100% brittle cleavage. 

 
Figure 46 Features in Zone 2  containing 100% brittle cleavage. 
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Figure 47 Features in Zone 3 containing fine fatigue striations.  Striation spacing 

is approximately  0.3 microns 
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Figure 48 Features in Zone 4 containing 100% brittle cleavage. 
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Figure 49 Features in Zone 5 containing fatigue striations.  Striation spacing is 

approximately 0.3 microns. 
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Figure 50 100% brittle cleavage below thumbnail. 

 
Figure 51 100% brittle cleavage between thumbnail and ID of pipe 
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Figure 52 100%  brittle cleavage between thumbnail and weld zone. 

 
Figure 53 Fatigue zone starting at brittle fracture arrest in weld metal HAZ 
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Figure 54 Fine fatigue striations in weld metal fatigue zone 
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Figure 55 100% brittle cleavage in overload  zone 

 
Figure 56 100% brittle cleavage in last area to separate. 
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Figure 57 Fine fatigue striations in fatigue zone on opposite side.  Striation 

spacing is 0.2 - 0.3 microns 
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Figure 58 100% brittle fracture toward thumbnail 
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Figure 59 EDXA of haze showing decreasing zinc content toward the bottom of 

the thumbnail 
 

 
Figure 59b  
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Figure 59c  

 
Figure 59d  
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Figure 59e  

 
Figure 59f  



 

A25605-J215610_06-01R0 60-TEC010 ARM REPORT.DOCX 

 
Figure 59g  

 
Figure 59h  
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Figure 59i  

 
Figure 59j 



 

A25605-J215610_06-01R0 60-TEC010 ARM REPORT.DOCX 

 
Figure 59k  

 
Figure 59l 
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Figure 60 Hanger microstructure through fracture.  Steel is relatively low carbon 

ferrite – pearlite microstructure. 
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Figure 61 Locations of zones 1 – 5 through large 

thumbnail.  Distances correspond to 
Figure 15 fracture surface 
measurements 
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APPENDIX B 

LABORATORY REPORTS 
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APPENDIX C 

CHARPY IMPACT TESTING 
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ACUREN JOB # 605-J215610 

REPORT # 02 

Photo 3: 

Arm serial # 026600. 

Indication 2. 

Overview of approximately 26 inches 
of suspect indications near top of arm 
overview as seen with wet visible 
magnetic particle examination before 
grinding. 

See photos 4 and 5. 

Photo 4: 

Arm serial # 026600. 

Indication 2. 

Close-up of approximately 26 inches 
of suspect indications near top of arm 
overview as seen with wet visible 
magnetic particle examination before 
grinding. 


































