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Investiation No.  13Y2. 

t7e1ination of Broken Stol Tlo Rode. 
a. 

Souroe 	Metarlpl 2 ,1d Oblect oV TroF,9stqeiatIone 

On March 8th e  1943„ Mr. G. A, Lindaay, Enelneer-ln-

charge,. General EngineerIng Branch?  Department of Tranepert, 

Ottawa, Ontario, submitted two :eemples of bzboken tie rode for 

ozamination. It was stated thnt two seleppoting antennae. 

towers had  collapsed ao a result of the railure of theee tb 

rods. It was desired to check the composition, physical 

properties., and structure of the steel used. 
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Chtlzaaal Analvis. 
In.  cant 

Webiellial.■•••••••• 

Carbon 	- 	0,32 
lanounese. 	- 	0.71 
SlliGon 	. 	‘).16 
Pho9phorue 	- 	C.020 
Sulphur 	 0.051 

œm•■•■•••■••■ 

FiAlrea 1  and ç:  are -be',  photographs shoug freuturoa 

in t're ';,hreaC1 end unthrelded sectiou cf  the barP respectively, 

it will he, &ioreel e  tn. 	2, that  a  piece uf t -ne 

split of 	ta7' on the inuide of  Uteà bend. Fl:ce 7 E'..o.ixs 

the coe,:s:ii7 0:-'.:111La nature  of the fractura or tl ,e tr.:ken 

tio  roc  shown  In Flgura 1. Vle fracture of  tile  bar3 1/4-Eta or 

the non-duplex type. 

P .Iure 1. 

Approximately 	size. 

(oatinued  on  net  pagel 
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(Yacro-Examlnation, ocntfd) 

F. „,_n.are 2 0  
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Approximately t si.  

Eleelt7A• 

Approximately to size, 



After Heat 
As Received 	Treatment 

134 9 750 	142,700 
71,600e 	86,400  

	

13,5 	 18,0 

	

22.5 	23.0 

	

277 	 285 
60,000 
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Heat Tree:Anent: 

One of the bars  was normalized at 1650° F„ 

hardened  in  oil  at 1475° F o , and  drawn at  1100e F.,  in 

order to determine  What  properties could be obtained,  Tha 

results of physical  teets  on the "as  received" and n after 

heat treatment"  bars are given below:  ' 

1.1X11.2a1_11222.rties 

Ultimate  strength, p.s,i. 
Yield 9  P.scin 
Elongation,  per cent  in 

2  inches 
Reduction  in area,  per  cent 
Brinell (3,000-4s,  load) 
Elastic limit,  p o s o i, 
Izod impact,  ft./lb. 

0,2 per  cent proof stress. 

Microscopic Examination: 

section  of arie  of  the steel  bars  was  given a 

metallographic  examination and examined  under the microscope 

in the  unetched condition.  The steel  was found  to be  fairly 

clean,  After etahing in  a  solution cf 2  per  cent nitric acid 

In  alcohol,  the eteel  was re-cxamined o  Figure 4 is a  photo-

migrograph,  at X1000 magnification,  showing the structure  to 

be similar  to thaiJ of  an annealed SAE  1080  steel,  The structure 

consists  of  fairly coarse pearlite (the dark  etching constituent), 

and ferrite  (the  white constituent). 

Firure 4, 

X1000„ etcher  in  2 per cent nital. 
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Discussion of Rsults 

Ti)e routerial used in miAlvg those tie rods wa3 

found to have ths composition of SAE 1080 steel, The 

non-duplex nature of the fractures indicates that they hLd 

boon produced by Impact stessos, the fracture boing practi-

cally identical t:(' that of tho lzod test. bar, The steel had 

tha required ultimate strength, namely 12(1,000 p.s„5., However, 

it did not have the specified yield strength of G5 e 000 p„s,1„ 

The low elastic properties of the steel examined doQs not 

leave much margin of safety since the stress .3,n the bolts 

under design load was stated to be about 58 e 000 p„s 0 1, 

The coarse poarlitic structure of the steel indicetos 

,that it was even an . anneal hea.t treatment, 1.„3„ it was 000led 

slowly throuÉn the critical renGe 

Heat treatment tests carried out in  the se  laboratories 

on the  steel improvod  ail the phyeical properties of the stoelp 

with the exception of the iwd impact valueg 

It is concluded e  :Urom the results or those physical 

teste an :the 'as received" and beat-treated' bars e  that this 

hie-carbon steel elould not have been uaed in the construction 

of those towers, as the impact proportles are too low, 

It is recomended that  a steel of SAE 1045 composition 

be used, This steel, when normaliffld at 1650° P O  hardened at 

1,475 to 1,u,e,F F. in we..;;or and drawn at 900'›  F,  should have 

approximately the folleens physical proporties 

Ultimata strength, p,s,i„ 	- l'e0e 000 
Yield 	5v 

c  P.s„i. 	 98e 000 
Reduction in aroa e  per cent 	- 	45 
Elongation, per cent in 2 Inches - 	16 
ized Impact, ft„/1b. 	 _ 	50 

In case f• jA3 felt that the service requires a steel 

with high fatigue strength. as well as high impact properties, 

a nickel steel of SAE 23re  composition s,  or a chromium-nickel 
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_ , 
(Discussion of Results, cont 7 d) - _ 

steel of SAE 3135 coeipenition e  is'suggosted,. After 'suitable 

heat -treatment  the average phyàlcal -properties obtained 

with these steelS are as fol] ows 

Ultimate strength e 'p.s.i. 	 140 0 000 
- 	110,000 

Uongation, per cent in 2 inehes - 	16.Q 
Reduction in.arca e  per cent 	 . 55 

-Brinell hardness ranges of 226 to 269 e  - 241 to 286 e  or 

269 tO 321, are usually. speciflod e  depending upon requirements. 

Where extreme sub-zero temperatures are encountered 

a nickel steel is'receMmended e  as the impact'proPérties of 

these steels aro considerably better under low temperatüre 

conditions. 
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