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Investigatior, No.  1440. 

..xamintion of Buckled and 1:1storted  Bolier rubing, 

Origin  of iamoles: 

On June 12, 194, AiLt. Cdr.  J  t. lllard,  Senior 

2e,chnician,  Technical Division, Department  of National  Defence, 

va1:;ervice, ottawa,  canada,  submitted (letter of June 10th, 

File No. 29-55-1 PD 1114) samples of boiler tubing received from 

t'ae Gollingwbod 3h1pyarde Limited. The tubes, said to be made 

In  the  United Kingdom, were reported to be fire row tubes as .  

fitted  to a Yarrowts water tube  bolier  which buckled and 

•,1,=torted in  steaming up 

It was  stated  that of the eeveral possible  causes of 

failure the presence oi oil In the feed ater heater, if not in 

t'ae  bolier  proper, WU3  the most  probable.  Among ether 

possibIlities listed  wse the use of oversi-e or defective 

materlal,; 

■ bçeoL.2f_11.1z 

It  was requested that  tube.dimeneins  and physical 

e 	 be cietermined and that microstructure examination 

be carrieC out. 
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'After grinding,-off Ure - suri'ace layer-or. pne cf 

the tUbes, Material for cheMical,analysis waa_romoved with 

cuttey-„  The resUlts were: 

'. 	Per cent 

Oarbon 	 -0,08 
Manganese 	- 	0 0 1,5 
8112con- 	- 	0,08 
3ulphur 	- 
Phlwiphorus - 

 
• 0„016 

Nickel 0„11 
Chromiun . 	0„04 

; Molybdenum, - 	Nnne-detected,i 

rh-i. g5cal ixaminatj d • n 

•4ardne3' 3 teatS (tak. en'.on à Viri.kerdMachine . 	 _ tj  

- a id-kilogram lad).  on the  'tubes gave rea.dings of iO to  106 

. 	. 

• Since nonInal dimansions of the tube were  not given, 

tolerances as specified In Specification 14 63  could not be . 

cheeked,but the following measurements ware tal<en froi :teelt 

scaled portions of the tube; ' 

Thickness 	- 	3,121 to 0„1245 inch, with  mou t.  
readings 0„123 "mh o  

Outside D.Imeter 	1,503 to 1„506 inch »'. With in6st 
• rGadings 1,504 Inch, 

A tensile test on a straight laan'th of tubine gave 

Ultimate stros, p,o„i 6 ' -..- • 48,70(),. 
Yield point e  

9 

Uongatio.n. in 8 Inches, : 
:per cent 	•  

, A  ri1 I've.nuone of  the p'..i.ces of tubing passo:L 

flattening 

'flurotructures: 

Specimens were ramoved from the buckled and distorted 

Parts  of the tube and polishod'on faces parallel to_the.long 

axis of the.tubing, The structure  of the steel  In one.f..f.',t1u,,3 ,, ,, 

1,1-Iven in Figure 1, The duplex grain network ''obeerv 
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(Microstructures, contld) - 

in the ferrite is generally considered to be a gamma network 

superimposed on the alpha grains, According to work of 

Rawdon and Berglund* it has little or no effect on mechanical 

properties. This gamma network is not nearly so noticeable 

in other samples of tubing in the lot submitted. The particular 

specimen photographed has its carbide constituent present both 

as pearlite und as globules along the grain boundaries, While 

in others the visible carbide is present as pearlite. 

The steel in the tubing was found to be quite clean, 

Figure  1. 
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X100,  nital etch. 

LONGITUDINAL  SECTION FROM 
ONE OF THE BUCKLED AREAS. 

Discussion of Results? 

Chemical  analysis results  show that the steel is cf 

the normal low  carbon type.  The nickel and chromium present 

are probably  tramp elenents, 

Uhether or not tube thickness tolerances have been 

violated ma;. be readily checked from the figures given. 

The tubing meets the required mechanical tests quite 
•■•■-•■•••■■■■■••••••■•••••• •■•■•••••■•■•■•■•••••••■•■■••■•■••■■•••••■••■■••••■•■■••■••••••■•li 	 •■■■••■•.*.lalle.10 

H. S. Rawdon  and T, Berglund - UnUsual Features in the 
Microstructure of Ferrite, National Bur , Stds, Sci, 
Papers V. 22, 1927-1928, pp. 649-717. 
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(Discussion of Results, cont'd) 

satisfactorily °  No metallurgical defects were discovered, 

It would seem, therefore, that failure was caused by mechanical 

elortcominge, in the  installation cr  operation of the boil3rs 

rather than by metallurgical deficiencies in  the  tube  itself, 
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