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Examination of Failed  Superstructure 
Hoop Bow Pipe. 

Orin  of  Material and 	 InvIlneL122 

On May 6th,  1943, under Analysis liequisitioA No. 

O.T. 3475, Mr. R. L, Martin, I.(M.T:), of the Inspection 

*Board of the United Kingdom and Canada, Ottawa, Ontario, 

submitted two samples of Superstructure Hoop Bow pipe for 

examination. Of  these two pieces, reported to be  front the 

same lot cf tubing, one sample was  as  received" and the 

other had failed during a cold-bending operation. 

The drawing for  tho part specified: "1 standard steel 

pipe s  all worked parts  to be hot-forged  and air-cooled. 

Annealing not  necesaary." It was reported that if the pipo 

were not harder than  136 Brinell they could be bent cold, 

otherwise they must  be heated. Request wan made for an 

examination of the tubés in order to determine the cause 

of failure. 
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• Chemical Anal-ysis' 

Turnings taken from the pipe after the surface 

had ben "removed were enemically analysed. The • recuits 

followe 

Pr  cQint . 

Carbon 	 0.00 
Manganese 	0„39 
Silicon 	_ 	O n 22 
SulPhUr 	 ome 
Phosphorus 	0.099 

Pheel,F,xam4ta»ione 

Hardness tests .(takOn  o. e.  Vickers machine with a 

10-ki1ogram load) . on the brokEJn and . unusod tubes showed that 

they were both. about 161 to 170 Vickers. • 

Te. 13,ts_Pr-AGei.1.?e_ 82901) 	' 	 • 

Two rings. (designAtod Nos. 1 and 2) from the brOken 

tube were water-queneheà from 1255° F. No. I was :tat at -

roOm tomperature„while No.. 2 was drawn for .;Vd hours at 

400° F. This  1atte3 4  drawing operation aeter subcritical . 

 waté;r-quenohing pre7(quench)ages (overage)  the  stcel 	The  

following hardness results were obtaîned from thosesamplon 

Vick»rs Hardneas 
Numbe'e 

utt•-■ rt 

Tube  No  lp as,quenchod 	- 	. lop ,  
After alr-ageing. threo days --. 206-224 
Tube Non 2 t  ea quonchod  
After draeng  

• at 400° F. 	- 	i43160  • . 	. 

MicroStructuree 
— 	 — 

Tho structure of tho•tubt3s was of the norhialized 

type. 
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Discuaeion of Resn1ts;1 
•=11^=ms -,,,rea 

• Cb.em±cal analysis 	show that phosphorus 

content i3 considerably hif.;her tin  would be expected in 

quality stc\el, However, it 	prQbabl ths the steel 

under examination'is or the bessomor typo in which hie 

phosphorus contents may bo apacted„ F.xcessive phosphorus 

canses cold shortness but in s',.,cels below 0,10  po r cent 

carbon e  phosnhorus contents up to about 0,10 per cent 

generally do not.  exert a 	 g.&at 	affect 

 Since phosphorus f,s very prone to sogregatIon„ however, 

and since the chemical analysis was -taken from turnings 

from the tube„ it is possible that some locations nay be 

higher ln phosphorus than chemicsa'anaissis results show., 

Incidentally, phosphorus segregation may b@ responsible 

for the fact that  the  hardness e.Y_C the pipes varies con- . 

siderably e  as phosphorus affects hardness  in  much the same 

way as does carbon .  Because of its (14!fect on the hardness, 

phosphorus must be regarded as contributing to  th c failure, 

However„ it Is unde*rstoQd that Bessemer steel must be used 

for this type of pipe if satisfactory production weldlpe is 

to be obtained, Consequently, it is probable that -little 

can be done about the hlin phemphorus content, the effect 

of which must be counteractod b r  fabrication. technique, 

Since the hardness o:I.! the tube after the subcritica1 

quench-and-draw s, which would remove  ail the effects of quench 

agetn3,!, was 145 to 160, the tube as it came fi-cm the factiur:r 

was probably not soft anough to permit cold bending, This 

heat treatment also shows (since there was no evidence . of 

serious cold worli) that the tab:Ds probably quench-aiTod after 

leaing the mill, because their eels receivedo  ha hies  is 

greater than that of our pro-, (quench)aged sample 

.In the final analysis, however, the - most important 
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(Discussion of Resuns 9  contld) 

fac:tor in ths breakage of the pipes is the fact that they 

were bent cold when much harder than the allowable 138 

Brinell, 

Conclusion; 

In the type of  material received_for examination, 

it would appear to be essential to heat before bending, 
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