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Exam1nat1on of a Steel Bar which 
Failed by Fatigue. 

============ 

Source of Material a~1d Ob.i,ect of rnvesti~ation~ 

On March 15th, 1942., Li0uto r.oulr'u Ge E, Clive, of the 

Department of Nationt1.l Defence (Naval Services) 11 Otta.wa 6 

Ontario, submitted for ex mi.nation a portlon of a steel bar 

which h.ad failed in service. It was stated thB.t the bar was 

from a special mechanism used by the Navy. The part consisted 

of two 8=foot lengt.,1s of l{ 11 o .,D, 11merchant 1ron" bars, sep

arated at ea.ch end by a metal plate and bolted together with 

a rubber=lined split steel coller. The bars of this device 



= p e .?. 

are in cor. tact 1. · ,J .. u, i:.. ~·, e... rd c.re s.=..::: d to .fe il e,fter 

55 hou ... •s r sor>viee, ~ l·,_ .,_e t. e bol s las,,., only 35 hours C 

rteques . 'i"1s •n;_; k for an examina t1c-n of the failed 

b,.1r and also for t,·u..:;,;;/' ... t..icr,s as l..O the 'best; mee.ns o.f over-

Tne se.l. · ccim1 of 11:rne •c'_ant; :.rcn'1 tars was d.ue to 

thelr avs.~l2tili ;., L~ naval -:::tores 0 'Ih I'w.St and scale Jas 

left on tl:ie bars .1..t us a ....... •ot..3 c';L) _ a.ge..lr.:.s t corrosion the y 

were covered w.1.~. s·ea9e. 

TL€· ouLi ide , :: a.ff.Pt,~r v,as 1 ~3/8" and there ws.s 

sonE rust a.ra. sc11~., o .. ·1., ).t; c t:.rr surfncE,o 'J1he fr .... tur.e 

sllovrn :in :?i "J.re . s a tJ'l c .1. fat 1.g,.1.c.~ f •ac ture. 

was t i ven a rie ta~ J.o.~;r~ 'Jhil, :io L h and exP · ined. u."'lder the 

mlcr-oscopo. F .. g ... ·e 2 L ·• 1 '-lotoml~ror;ri:.ph at X.100 magn.i~ 

f:i.catlon f the · etchec.. ter:1al '>."1.d .~1..ows corrosion f'atigue 

crt\Cks re.0.ia ti _g 'rorr tJ- e '1.l'C'H' su •face t.owa.rds the cent-ne of 

the ba. 

~uagnifi cation) ...... ..e. ... _na sol~tion of 2 rer cent 

c 11 ""ht ar,::; .~ v:i th: n the grains 

gane .. e sul1htdr. .. ~ :1-u.:ii ns pres nt. 
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11he pre'" J.1Ce of ~n o~~ ... de sca:'..e on t.he bar ctoes not 

offer any p1~tection f1 m c,rro ion as th oxide is porous. 

1'v'hen furth r oxid t 1.on tac..,.. Jlace, 1.ün1.1t pi ta e.nJ. 51 ooves 

are formed wr.J.ch &r.t a., r· tr~ss 1·aisern 11 
0 Under tnese con-

di tions the .:. a tigu ... tr~n0 ~h of the s tsel 1. lo 'C!red a.s much 

as 12 per cent O r{o • e~ 1·, i · r~ s be~n shovu-. th t if the bar 

is eubjectec. to co.~rosion en& r- eated sv:e,ses 1,-,.ultaneously 

the fatigue limlt rc--- ce l &,::s :u.ch e.s 6b par cen ... ~ Failures 

of thls na. .... re are kno· n as 'c.:ir 1~os.h,n fe."";igue" fatlures o 

Figure 2 shov,p tl , pro r. ·!On ot' -:,ri of thf'se corrosion fat:tgue 

cra~ks whicL acce 'j_~ate t:!:°f, 1':lllure o+: ~his bar. 

ri:1h m t ,!'. 1 Wc s 1 •ca;:-bon s ';eel · th a fairly 

high .~nclusion co"l·;A1.:;. " 1'1e B ir.ell hardness of the steel, 

107, inctlcates th'~.:; i ts c·1.,l .r'3..nce llui'c :ls a.pprox11.1a tely 

25,000 p.s.i~ ~hJ obsJrved inclusion 0œ1tent in Figure 3 

would lower t.L.:ts ' .l ·e some .-:b~.t. 

'Ille cl 

tribution of 1 ocal ftreaca •• Overstraining of t ese bolts 

above t!·1e1r <;,ls.st , l:J. ,i t, •• ·_ l d ,1a0e the bo1trJ and l.ower 

the:tr .fatigue str i[ th,. 

In or er to rr · .ür.i·.za tr1e o.bove uifficul ties} one 

can replace the 11 

a.pply s1...i t 'IJ 1 t;;; '"l 

Conclusions qnd R~ 1ark2: ----------·----
'h4 s in ')sti~9.ti0n MS sbo m th t this stee .. failed 

by corrosion fa·~ . , . 
Re con:meD 11.: tians ~ J"l1 CJ.l m.:tgh. tnc •eEJ se the present 
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1' .. ,:! -..115-nl.n., ·::-·1"' bars te . ob':.aix e. ~-mJotr 
· 1 r-fac.e or 

wi th t· ·:: l,'. O' o ~s s 1bly e:LnJ nore eas 1: . .r acccrnpl ls: t;;C"... 

"1 .: 'C ... c ~ ne t , r:moo ..;:- s 1œft-i.ce ia obtai:-ie .l on 

the bs .rs the·:; s_ o d. bo f 'en a :--rote c-+;i V<.3 cca tlng-. 

l .• e r ·1 C ::> "i.. ng: z tnr <:r cacJ.ni 1.111 p:.a te 9 zinc .. J.O t: 
( :? l. ~ .r :i.. z ln _.,. , 

'ï 1. cll 0 - nc>s or on unpJ.•otected 11et1;.J a 

,.. ;.ios ;_,., ,le to incraaae ~he prese~t LGrvice 

J.ife of t if Jpa I t1 ,:3 by t: e use of a be'-ter qual l t-v 3 teel ~ 

m~cr.. as .0 a. i. J or= ~i m alloy steel. 

C\ar.. be ea~· 1 .Jtr:: r:ed beyo.d. t ... 16:lr elë.s'-lc J.ir11it iurj_ng 

J ra· our:e 1cled ths. t.; th.a bvl t::; al so be gi van 

00 

N3B:JHb. 
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GRAIN STRUCTURE OF STEEL. 
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