
I N T E R S T A T E C O M M E R C E C O M M I S S I O N 

REPORT OF THE DIRECTOR OF THE BUREAU OF SAFETY IN RE 
INVESTIGATION OF AN ACCIDENT WHICH OCCURRED ON THE 
ST LOUIS-SAN FRANCISCO RAILWAY NEAR VICTORIA, MISS, ON 
OCTOBER 27, 19251 

J u n i 16 1927 
To the Commission 

On Octobei 27, 1921 Iheie i u s a cleiailment o± a passengei tiam 
on the St Loins-San Fi ancisco Railway neai Victona, Miss, which 
lesulted in the death of 20 passengeis and 1 employee of the lail-
load and the injuiy of 117 passengeis, 8 Pullman employees), '> mail 
cleiks, and 2 employees of the lailioad The estimation o f this 
accident «as made in conjunction with a lepiesentative of the 
Mississippi Railioad Commission 

i o c a i k x n Asn M i - m o o m o r i r A T i o x 

This accident occunecl o n the Tupelo subdivision of the southern 
dn ision, extending between Memphis, Tenn , and Amoi y, Mi cs , a 
distance of J26 8 miles This was a single-tiack line ovei which tiains 
weie opeiated by time-table and ham oideis, no block-signal system 
being in use The point of accident was 1,.131 feet south of the 
•latum at Victona, appioachmg this point fiom the south the 
tiatk was tangent a distance of 2 387 feet with a descending giade 
loi noithbmmd tiamb of 1 pei cent 

The tiack was laid with 90-pound lails 33 feet in length, with an 
a\eiage of 20 tieated led-oak ties to the lail length, tie plated and 
single spiked and ballasted «ith about 12 inches of slag The gen-
ei al maintenance o f tlie track M a s good At the point of accident 
the tiack was on a fill about 11 leet m height, while *5()6 feel noith 
of the point ol accident theie was an eight-panel pile tiestle 

The weathei was cleai at the time of the accident, which occuned 
betw een 6 35 and b 40 a m 

1 Pupil Kion of lppoit flchnert on ic^ount ol luigL amount o£ n^e'udi woik oct imi> IP<1 m otitiiiiiiig lh( neeissaM ilaLi 
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DiSCIlTI'TION 

Noithbound passengei tiain No 108 consisted of 1 lefngeiatoi 
expiess cai, 1 combination mail and baggage car, I luggage cai, 
£ coaches, and 7 Pullman sleeping cars, hauled by engine 1060, 
and was in ehaige of Concluctoi liyan and Engineman I le iung 
The fifth cai was of wooden construction, the hist, second, thud, and 
tenth cais weic of steel-undeifiame constmction, and the otheis 
weic of all-steel constiuction This tiain left Holly Spnngs, 12 4 
miles south of Victona, at 6 20 a ni, fi\e minutes late and was 
appioachmg Victona when it nas deiailed while haicling at a 
speed estimated to have been between 40 and 50 miles, pei houi 

The engine and tendei weie not deiailed, but bioke a^ay fiom the 
cais and finally weic biought to a stop at a pomt 2,118 feet noith 
of the initial point of accident The Inst 10 cais and the to i^a id 
tiuck of tho eleventh oai weie deiailed, all the deiailed equipment 
going to the left of the hack The hi fat cai passed ovei the ties tie 
and came to ie.st on its left side about 735 feet noith ol the initial 
point oi accident, and the next two cais weie, bottom up opposite 
the tiestle The fouith and fifth cais came to lest on then nght 
sides, with the sixth cai on its left side, while the next iom cais 
lemamed neaily upnght, leaning tow aid the left The employee 
killed was the conductoi 

S U M M A R Y O F E V I D E N C E 

Engmeman Ileiung estimated that his tram was appioachmg 
Victona at a speed of 45 oi 50 miles pei houi when he felt the an 
binkes apply as it a hose had paited l ie had not noticed any ]ai 
which might have resulted fiom passing ovei a bioken lail and he 
said that he clid not make any investigation foi the pmpose of 
ascertaining the cause of the accident The statements of Fneman 
Young biought out nothing additional of impoitance Flagman 
Fleming went back to piotect Ins ti am and he also staled that he 
did not make any investigation into the cause of the accident 

The engine and tiain ciews of noithbound extia 4012, the last 
tiain to pass ovei this section of tiack pnoi to the occunence of 
the accident, said that at that time they did not notice anything 
AVIong with the tiack 

Examination of the tiack developed the fact that the fii&t maik of 
dei ailment was at the point where a, l ail had broken on the left oi 
west side of the tiack The initial fiactuie nas located 16 feet 8% 
inches fiom the leceivmg end of the l ail and the smfaces oi the 
fiactuie showed the presence of a well-defined transveise fissuie on 
the gauge side of the head of the rail This fiactuie at one point 
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extended to v ithm one thirty-second of an inch of the surface of the 
rail, and its appearance indicated that an had leached it, the metal 
having been oxidized, noith of tins initial fiactuie the iail was 
bioken into seveial pieces The examination of the tiack did not 
indicate that theie was anything else wiong with it, noi was theie 
any evidence of dragging equipment, while careful examination of 
the engine failed to disclose anything wrong The eouplei had 
pulled out ol the head end of the hist cai Engineman Hemng 
'-aid this eouplei was lying on the tiack neai the switch opposite 
wheie the fiist cai came to lest, and it is not consideiccl that the 
pulling out of this eouplei had anything to do with the accident 

This accident was caused by a bioken iail, the examination of 
which was made by Mi James E How aid, engmeei-physicist, whose 
icpoit follows It was the most senous one due to a tiansveise 
fissuie which has occuned since the accident at Manchestei, N Y , 
on the Lehigh Valley liailioacl on August 25, 1911, wdien this type 
of fiactuie was hist biought to geneial notice m a icpoit of the 
Intel state Commeice Commission 

A tiansveise fissuie is lecogmzecl as the most clangeious tj'pe of 
fiactuie encoimteied in lailioad seivice Tians\eise fissuies arc ap­
pealing in. the tiack m numbeis which aie veiy disquieting The 
physical leasons foi then display seem explainable Means loi then 
pievention nuclei anient tiaihc have not been found 

The engmeei-physicist has added to the lepoit upon the i ail which 
was the cause of the piesent accident lemaiks upon physical propei-
ties inherent to different steels, m reirewT of the geneial subject of 
tiansveise fissuies, extending the lemaiks to othei types ol iail 
fiactmes The conditions whicli ,tencl to cause the display of 
tiansveise fissuies aie piesent in all lails The specific reasons 
for then ccuuence aie moie cleaily presented in this compiehensive 
revrew 

Respectfully, W P B O R L A N D , Director 
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REPORT OF THE ENGINEER-PHYSICIST 
The cleiailment ol passengei tiam No 108, neai Victona, Miss, 

on Octobei 27, 192fi, was caused by a bioken iail which displayed a 
tiansveise fissuie at its initial point of niptuie This fiactuie was 
located li feet 8% inches fiom the lecenmg end of the iail Fiom 
this point to the leaving end the i ail was bioken into not less that nine 
pieces Foiu additional paitiallv developed tiansveise fissuies wreie 
displayed by these fragments 

The bioken iail was located on the left side of the tiack, with 
lefeience to the dnection the tiain was tiavelmg The lails fiom 
both sides of the tiack weie toi n up foi a distance of about 340 feet 
Beyond the opening thus made the tiack was not senously damaged 

The eneumstances attending the deiailment weie doubtless as fol­
lows The initial fiactuie of the bioken iail piobably occuned undoi 
the wheels of the engine The tiack stiuctuic lemamed seiviceable 
foi a shoit tune, allowing the engine, tendei, and thiee cais of the 
tiam to pass ovei it m safety The leading end of the iail soon 
began to bieak up and was successn ely bioken into shoit fiagments 
Thiongh this opening the middle pa.it of the tiam was deiailed and 
the tiack stiuctuie then destioyed foi a distance of 340 feet 

The engine and tendei kept on the lails, in advance of the de­
stioyed section, and came to lest at a distance of 2,118 feet beyond 
the initial bieak The last cai of the tiain came to lest bcfoie it 
icached the place occupied by the bioken iail Cais of the foiwaid 
end of the tiam weic (flagged oici the westeily side of the tiack 
The fifth cai a da\ coach, and the sixth cai, a Pullman sloepei, 
weie jammed togethei, each being badly damaged Foui of the 
leai Pullman sleepeis weie pailially ovei tinned, while two lemamed 
upnght on the tiack 

http://pa.it
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Figuie No 1 is a plan of the tiack taken fiom a blue punt fiom 
the office of the dmsion engmeei of the lailioad It shows the hist 
cai of the tiain on its side, the second and thud cais bottom side 
up, the fourth cai on its side, the fifth and sixth cais, a day coach 
and a Pullman sleepei, jammed togethei Foui Pullman sleepeis, 
next in oidei, leaner] out la id at diffeient angles, while the last 
two Pullman sleepeis lemamed in upnght positions The car next 
the last one of the tiam spanned the bioken lail, its foiwaid tiuck 
deiailed its ieai tiuck on the lails 

The lails fiom the west side of the tiack weie bioken oi detached 
fiom each othei Nine lails of the east side of the tiack lemamecl 
attached to each othei then spine bais unbioken These nine lails 
weie ploughed off the tics and thiown fiom the loadbed out on to 
the highway paiallclmg the tiack They foimed a laige loop which 
extended at its faithest point 75 feet fiom then position m the tiack 
They weie bent sidewise some convex on the gauge side othei s con-
cai e Figuie No 2 illustrates the positions occupied by these nine 
lails aftei the accident They weie thiown fiom the tiack with such 
foice and suddenness that the loop was made in the an and fell 
almost veitically upon the highway 

Figuie No is a view of the fiifet Pullman sleepei, the Jitoinii, 
showing the mannei in which the middle pait of its length ciushed 
the ieai end of the day coach 

Figuie No 4 fallows the deiailed Pullman sleepeis, Sebago, Red 
Gianite Aigonne and Jitonni, iespecti\ely 

Figuie No 5 is a diawing of the Iail which bioke and caused the 
accident It weighed 90 pounds pel yaid, w as ioiled by the Tennessee 
Coal l ion & Eaihoacl Company in the month of Oclobei, 1918, and 
w as laid in the tiack in Apnl 1919 It had been in seivice, theiefoie 
() yeais and b months It w as bianded () H Tennessee A S C E 
0040 10 1918 Heat numbei 17054, mgot lettci C 

Theie was a tiansveis" hssuie at the hist bieak m the lail which 
mcasuied 1 by 1 7/16 inches The surfaces weie claikened 
indicating the h>suie had leacheci the peiipheiy of the head and an 
had been admitted pnoi to the accident 

Foi convenience of lefeience the fragments of this i ail aie desig­
nated by letteis of the alphabet The hist bieak was between fiag-
ments A and 15 which displayed the tiansveise hssuie aboie de-
scnbecl Foui additional tiansveise hssuies weie displayed at the 
time of the accident, the positions of which aie indicated by Figuie 
No 5 Each of these showed bnght suifaces with a siheiy lustci 
None of these foui had leached the sin face o l the head pnoi to the 
accident Subsequently a hammer test of fiagment A levealed two 
moie tiansveise fissuies, making in all seien in this lail 
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Figure No 6 lllustiates the appealance of the opposite faces of the 
tiansveise fissuie at the first bieak in the rail The section on the 
left of the cut lepiesents the leaving end of fragment A , the section 
on the light, the lecenmg end of fragment B Tins tiansveise hs-
suie toveied moic than one-halt the cioss section of the aiea of the 
head The nucleus of the fissuie was located on the gauge side ol the 
head, not quite half way down its depth 

Figme No 7 shows the appeal ance of one ot the additional tians­
veise fissuies found m fragment A. undei the hammei test Its 
bnght silveiy luslci will be noted, a chaiacteiistic featme of tians­
veise fissuies beioic an is admitted to them Its nucleus is on the 
gauge side of the head, in common with all otheis of this iail 

The mannei of conducting the hammer tests was to place the iail, 
head down, on suppoits at the edges of the anwl and stnke the iail 
on the base midway the suppoits, lepeatmg the blowTs at shoit mtei-
vals along its length Continuing the hammei tests, othei lails were 
examined wdnch came fiom the destioyed section of the tiack 
Eleven lails weie tested, five of which had the same heat numbei 
as the iail which fiist bioke but diffeient ingot letteis Six had 
diileient heat numbeis but wreie of the same yeai's lolling, that is, 
1918 Two shoit pieces of cuive woin lails weie included m this 
examination which weie not involved in the deiailment They had 
been used in lei ailing the cais 

One of the objects of the hammei tests was to asceitam the <ondi-
tion of lails in the vicinity of the accident, whethei tiansveise fis­
suies wTcie geneially pievalent in that locality One othei iail, be­
sides the iail hist to bieak, displayed a tians\eise fissuie in the tiack 
In this iail thiee additional fissuies weie found, which measuied 
one-fouith, thi ce-sixteenth and seven-sixteenth inch diameteis, 
lespectively This iail had the same heat numbei as the ia.il which 
hist bioke, but with the ingot letter F None of the othei lails dis­
played tiansieise fissuies 

Two pieces of the cmve woin i ail weie tested Five f 1 actuies w eie 
made with the hist piece, each buttle fractures and each stalling at 
the coi nei of the head, gauge side The second piece wras annealed 
befoie testing Its toughness was lestoiecl, lesisting the hammei 
blows without mptuie 

http://ia.il


FIG 6—AppeuAlice of trie opposite faces of the transverse fissure first to break Leaving' and receiving- enfis iespettnel> of ling 
meats A and B 
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lire 7 —I1 i l n l h tomuil U ins ip id limine i n e i i W bj hiiiiiufi test of tiJS-mmit A 
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TIeat fioUeil C Mn P S1 Si Remarks 

nm.- Oct 30 1018 0 71 0 87 0 028 0 03 •) o m Rail ol tins heat eaust,d the 
accident 

76980- Oct 30 1918 83 77 010 029 137 
7688=_ Opt 30 1918 fill 71 028 044 165 
7O00V__ do 61 80 026 036 120 
72569__ Feb 12 1114 (to 87 03-1 037 116 Curve worn iail 20(500 Dec i 1910 60 7o 022 021 

Kail of heat numbei 20690 lcpiesenterl a tiansveise fissuied iail, 
85 pounds weight, which caused a deiailment on the Southern llail-
v ay on August 2, 1925 In this accident the engine and tendei 
passed mei the bioken iail successfully, the cais which followed 
being dei ailed The age ot this iail "was 14 ycais, 4 months 

Check analyses of heat 17054, made m the laboiatoiy of the St 
Louis-San Fiancisco Railioad at Spnngheld, Mo , confiimed the mill 
analysis At Spnngheld chips weie taken fiom lails of ingot letteis 
C and F, at twTo places on each, in line longitudinally with the tians­
veise fissuies which they displayed, and at coiiespondmg places on 
the opposite side of the head The composition was piactically the 
same m each iail and at each place 

Piioi to taking out chips foi chemical analysis, the micio stiucLuie 
ot lails 17054 C and F was dei eloped by picnc acid etching, the le-
sults being shown by Fignies Nos 8 and 9 Substantially tho same 
stiuctme was displayed by each, with no pecuhai chaiactenstic in 
the vicinity of the ti ansvei se fissuies 

Fiagment F of iail 17054 C, Figme No 5, was used in an examina­
tion ot the stiuctuial state of the steel at difleient depths below the 
limning suiface of the head The metal was iilanecl oif m successive 
stages and the iail pickled in hot hydiochlonc acid at each stage 
Figuie No 10 a, b, c and d aie photogiaphic views of the pickled 
suifaces at depths of one-half, five-eighths, thiee-fouiths, and seven-
eighths inch, lespectively The suiface was cleai at a depth of 
one-half inch A few ciosswise ci acks appealed at five-eighths-mch 
depth Again the head was neaily cleai at tluee-louiths-inch depth 
At seven-eighths-mch depth mimeious ciacks appealed on the pickled 
suiface The nuclei of tiansveise fissuies aie seldom located so fai 
doun as the suiface last pickled 

Pickling tests weie made with liagment C, of Figuie No 5 At a 
depth of one-fomth inch the suiface was cleai A t thieo-eighths 
inch down two shoit oblique ciacks weie displayed At nuieased 

5 4 2 3 3 — 2 7 2 

Mill analyses of the heats lepicscnted by these lails weie as 
follows 
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depths the pickled suifacos showed pionounced maikings Figuie 
No 11, a, b and c show the appeaiance of the flaky metal cncoun-
(eied at depths of one-half, five-eighths, and thiee-iouiths inch, 
1 espeotively Tho stiuctuie of the lail showed hoiizontal laminae 
It is undeistood, of coiuse, that pickling puts some of the metal 
into solution, and that piolonged exposuie in the bath gieatly 
exaggeiates the inaikings which icpiesent the stiuctuial state 

The head of rail 17054-F was planed off «md pickled Figuie No 
¥2 shows its appeal ante at a depth of five-eighths inch The chai-
aotenstic featme hcic is the piesence of seveial incipient tiansveise 
hssrues and a shattcied /one on the gauge side of the head with 
the cential coie nearly fiee fiom these manifestations These maik-
mgs aie chiefly outside the zone of shimkage ciacks, and fiom their 
position would seem attnbutable to the action of wheel loads only 

Figuie No 13 lllustiates the pickled suiface of a 130-ponnd lail 
fiom the Baltnnoic & Ohio Railioad, planed oil to a depth of thice-
fouiths inch Incipient tiansveise fissuies aie displayed in echelon 
fiom the gauge side of the head m steps towaid the middle of its 
width The shoit longitudinal ciacks shown aie believed to lepie-
sent aciculai slag stieaks 

Figuie No 14 lllustiates the piesence of an incipient tiansveise 
hssuie in a lail fiom anothei souice It lepiesents an incipient fis-
suie on the gauge side of the head of a 105-lb rail, fiom the New 
Yoik Cential Iiailioad This iail displayed a tiansveise hssuie 
in seivice The head w7as planed oil to tlie depth of the nucleus of 
the adjacent hssue and pickled, showing no shimkage ciacks A 
duplicate specimen also showed clear metal, that is, no /one of 
shimkage ciacks 

The examination of the iail lesponsible foi the piesent accident 
and othei lails fiom the section of dcstioyed tiack displayed no 
featme uncommon in the tests of othei lails Two lails of the same 
heat displayed tiansveise hssincs Others rolled the same month 
and year and having pi actually the same chemical composition 
neithei showed tiansveise hssuies in the track not in the tests sub­
sequently made m quest of them No leason has been established 
why fissuies weie displayed in some paits ol these lails and not in 
othei parts, nor why the lails on one side of the tiack should display 
tiansveise fissuies while those on the opposite side weie excnip! fiom 
then foimation The pioblem appaiently is one of duiabihty m 
respect to the endurance of complicated track stresses concerning 
which rndexical features pei taming to pumitivc piopeities, oi stiuc­
tuial state of the lails, have not been established by means of which 
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Fit 10—llpafi of mil 170i4C fia^meiil H planed off in nutt-ssive fetuses siufiee 
picWed nt enrh sti^e 
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\ \ b % w d o m m a 

F'« 11 —Heiirt of mil 107i4C fiatment C, planed off in sncresshe •staged suifuec. 
pickled nt each stipe 
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1 TG 1 I — lit fid of rt 105 pound i n il pi iiu fl oft. to dfntli of nndcus of i tmnsiei&e iifcisun 
displijirt m tin tiack Mirfnce then pickled Incipient tnns^ust Ass.uit ie\oal*d on 
kfuike bide of the liend Sulfite 1 eKcnlme cleu 
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the appioach of liiptme may be lecogm/cd 0 1 piedicted wdien it 
will take place undci given conditions o t exposuie 

1 1 1 V I 1 W 0 1 1 H E S U B J E C I O R T R A N S V 1 1 1 S I 1 I S S L H 1 S 

This occasion seems oppoitune to leview the geneial subject of 
tiansveise hssuies, lefenmg to the time when hist lecogmzed as a 
distinct type ot iail fiactuie, then caily appeaiance and the in­
creased numbei of examples which have since been lepoited, together 
with the explanation of then orcunence, and the icason why fiac-
tuies of mteiioi oiigm and development take place in the heads of 
lails 

A tiansveise fissuie, as a distinct type of iail fiactuie, was hist 
bi ought to notice m tho lepoit of the Intel state Commeice Commis­
sion on the accident o f Octohei 25, 1911 on the Lehigh Valley Rail-
load at jUanchestei, X Y A fiactuie was theie displayed m the 
head of the iail of mteiioi ongm The metal ot the head was 
paitially separated in a vci tical plane at light angles to the axis of 
the iail It was a tensile fiactuie, in which the metal had yielded 
to longitudinal foices 

As one of mteiioi fonnation it was lecogmzed that such a fiactuie 
wras caused by the action of some component which had not hitheito 
been taken into consideiation as a factoi in the iiiptuie ol lails 
Unclei bending sti esses, as a beam, the gieatest lange m fibei stiesses 
is found m those elements most lemote fiom the neutial axis of the 
iail, in the extienie fibeis at the top oi tlie bottom of the iail In 
the display of tiansveise fissuies those extienie fibeis lemam un-
mptuied, while elements exposed to only a fiaction of the maximum 
bending lange weie those which fiisfc niptuied The action o f an 
independent longitudinal foice was necessaiy to account foi this 
fiactuie of internal inception and giowth Familianty with the 
effects of the cold-i oiling action of wdieels m setting up internal 
stiains of compiession in steel at once pointed to the necessaiy 
component and thus explained the laison d'etre of a tiansverse 
fissuie 

A zone of metal at the top of the head acquues a state of internal 
compression from the impinging piessmes o t the treads of the wheels 
on the lmining suiface of the iail These internal stiams o t com­
piession aie counteiaeted and balanced by strains of tension set up 
in the mteiioi of the head Tiansveise fissuies have then ougins in 
this mteiioi /one of metal This explanation o t the development and 
display of an mteiioi fiactuie, based iqion a law o f physics that 
(ensile fiactuies must occiu m zones exposed to tensile stiains, and 
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can not occui m /ones in a state of compiession, was so self-evident 
and axiomatic that no extended lemaiks weie ofFeied in the oiigmal 
repoit on this type of fiactuie 

Among those famihai with the tieatment and the woikmg of 
metals the piescnce of internal stiams and then possible culmination 
m luptiue aie matteis of common knowledge Gicat caio is oidi-
nanly exeicised that such influences do not attain destructive limits 
Outside of siuh encles a limited clegiee of attention has been given 
this important bianch of the physics of steel 

The eailv leception of the announcement of a tiansveise hssuie, a 
fiactuie forming within the head ol a rail, was one of doubt 01 
denial Seveial yeais elapsed aftei the publication of the lepoit on 
the Manehestci accident before geneial and senous attention was 
given tins type of fiactuie So vague weie the impiessions entei-
tamed by some engmeeis that a laige numbei of new i,uls were 
bioken in quest of tiansveise fissures, with, of couise, negative iesults 
The liansieise fissuies displayed in the Manchestei accident each 
coveied a laige pait of the cioss section of the head of the iail, 
which encumstances themselves would indicate the futility of a 
seaich dnecled upon new iails Following these immediate effoits 
lme&tigatnc woik was not actively puisued tor a time Many con-
]ectuial explanations, howevei, weie offered in the eaily days of 
hans\eise fissuies, some lemotely boaimg upon the subject Tt is 
believed these have been geneially abandoned by then pioponents 

Classified icpoits of iail fitictuies foi a few veais succeeding the 
Manchester accident did not specify tiansveise fissuiecl iails as a 
distinct group Some iails escape piopei classification even at the 
piesent time A lepoit of the commission in 192,3 on the pievalence 
of tiansveise fissuies on IT lailioads showed the location by mile 
posts of over 8,000 hssuied iails The numbei of known tiansveise 
fissuies at the piesent time exceeds 22,000, lepiescntmg several1 

thousand heats of steel 1 

Tiansveise fissuies appeal m iails of different chemical composi­
tion, with tendency gicatest in the haidcst steels High-caibon 
steels have displayed them in laige numbei s They appealed in 
chiome-mckel steel iails pnoi to the Manchestei accident They 
aie found in iails fiom all paits of the ingot On some loads they 
piedoinmate in iails fiom the uppei pait of the ingot, on othei lail-
loads chieflv fiom the uppei and lowci paits Again, they have 
appealed in the 1) iails in gieatest numbois up to the age of foui 
yeais, aftei which the B rails equalled in numbeis the D iails 

'Bulletin of the Amemaii Knilnay Iiiguieeiinjr Association Mticli states that 
22 4oB tLansveisp iissuied tails have been imported up to Janunrj 31 10J6 and that tliey 
n o occuimig it ippiotim itelv 4 000 pel ieai 
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They die found m tails of diffeicnt weights pei yaid They have 
not been lepoited m vciy light weight rails, undoubtedly due to 
mild track conditions The heaviest lails now in use, up to 1.16 
pounds weight pei yaid, aie not immune fiom then fonnation 

The disjilay of ti ansverse fissuies is not confined to any one sec­
tion of the countiy They aie most pievalent, howevei, m tonitoiy 
wheie baffle is heaviest The influence of density of tiaftic is cleaily 
shown on double tiack load Rails which cany tho gieatest tonnage 
display the most fissuies Low lails of ounes commonly display 
moic tiansveise fissuies than high 1 ails In legaid to the rails 
themselves, fissuies piedommate on the gauge side of the head 
There is leason foi believing that speeds of trains have an influence, 
high speeds accelerating then development 

The time icquiied foi then display \anes fiom a few months to 
a tciin of yeais The mtei val of time in the tiack fiom i to 1ft yeai s 
embiaces the majonty of the fiactuies The extieme lange is fiom 
a low months to 30 yeais Bessemei lails chance to be among the 
oldest I la id steels density of tiaflic, and wheel loads are factois 
the influences of which aie paiamount in the development ot tians­
veise fissuies 

The weight of the iail, oi specifically the size of its head withm 
limits does not exeit a substantial influence in the lelations ot the 
internal stiains set up theiem The volume of metal distmbed by 
the wheel loads is legaided a vital factoi m lelation to the develop­
ment of tiansveise fissuies It is not altogether the. mtensitv of the 
impinging piessmes in a stnct statement oi the case, but the pio-
giessive change of intensity of piessme fiom centei of cffoit to en-
eumfeience that exeits a modifying effect on the physical piopeitics 
of the steel Following the laws which govern in cases of cubic 
compression it is the piogiessive diffeience in piessme on cnciun-
ambient pai tides of the steel that affects then piopei ties, I atliei than 
the total piessmes on each The dimensions of the heads of lails, 
howevei, do not bung into consideration this ultimate phase of the 
pioblem As the mattei stands the intensity o l the impinging pies­
smes between the tiead of the wdieel and the iiminng suiface of the 
iail and the volume of metal distmbed, the lattei depending upon 
the magnitude of tho w lieel loads, constitute the lactois which intro­
duce internal stiains that cause oi tend to cause the formation of 
tiansveise hssiucs This is a geneial statement of the case and one 
which attaches to the conditions oi all lails 

No mysteiy smiounds the foimation of a tiansveise iiisuie, noi 
has theie been one at any tune The explanation is simple Theie 
is an extenoi sham of compiession an mteiioi stiam of tension 

file:///anes
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The metal is fractuiecl by tension JJuptuie is possible only by 
lension 0 1 sheai 

Anothei question, howevei, was at once injected into this matter, 
A distinct one, having no ielation whatsoever as to why the ongin 
o± the tiactuie was located in any definite place, mtenoi 01 exlenoi 
Tt had to do only with the mattei of endmance, why one steel dif-
feied fiom anothei in its ability to resrst tiaek 01 othei stiesses 
That question is now uppcimost and whcthei the maigm in stiength 
ind endmance has not been reduced in some cases to a nanow mai-
gin, in othei s obhteialed 

A peifectly legitimate question is laised in lespect to endmance 
\\hi(h all would like to know about By concuiience of opinion 
engineenng piaetice has established stanclaids of stiesses to winch 
unpen taut stmctnial mcmbcis ma} r be exposed oi not exceeded The 
stiesses m tensile meiubeis aie lestncted to ceitam values, in pounds 
per squaie inch of sectional aica Likewise compiession membeis 
aie lestncted to ceitam unit stiesses, modified m long columns ac-
coirbng to latio of slencleiness Coming neaiei to lailioad engin­
eenng, the manufactiueis of ball and lollei bcanngs) establish 
definite limits to the loads on lollei paths It has not come to notice 
that an\ lestnctions have been imposed, 0 1 even advocated, upon the 
loads which shall be concentiateel on the head of a 1 ail Howevei, 
this matter was lefened to but not acted upon in an item of tho 
Amencan Railway Engineenng Association in its piogiam foi 
1924 which lead "The cleteimination of the maximum peimissible 
wheel loads imposed bj the passage of wheels of laiious diameteis" 

Theie is no ieai occasion to appeal astonished 0 1 awe stneken 
ovei the thousands oi iails which are displaying tiansveise fissuies 
m the hacks The development of mtenoi fiactuies is entnely 
consistent with 0111 knowledge of the stiams winch aie set up m the 
mtenoi of the heads of jails by action of wheel loads on then sur­
faces The i ails aie obeying a physical law by which all membeis 
which sustain loads, earned upon wheels, aie governed 

Desenptne lemaiks will follow upon influences to which 1 alb-
ale exposed m fabncation and in use Special tests aie neces­
sary to rlhistiate the action of certain forces which affect iails 1 elat­
ing to changes which occm within limits too nanow to admit of 
study in the iails themselves 

coortfxe. fciuiiNS o f i a b k i c a i i o n 

Cooling str,rrns aie set up in all iails They are set up in all 
cast, foiged, and lolled shapes, the magnitude of which depends 
upon the late of cooling The moie rapid the late of cooling, the 
moie intense the internal stiams, culminating in spontaneous lup-
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tine m cases of sudden quenching Relief fiom cooling sti dins is 
attained by slow cooling fiom elevated temperatmes Mass and 
shape have an influence on the rate of cooling and, theiefoie, upon 
the magnitude and disposition ot the acqimed internal stiains 

The cooling stiains in lails have been measuicd on many occa­
sions This is done by establishing gauge lengths on ceitain ele­
ments along the length of tlie intact iail, then detach the stups 
on which they aie located, and lemeasunng then lengths aftei they 
have been detached An initial state of compiession is shown by 
expansion in length of the stnp, tension by its conti action in 
length The stiains thus measuied are conveited to equivalent 
sti esses by lcfeicnce to the modulus of elasticity of the metal taken 
in loimd numbeis foi steel at 30,000,000 pounds pel square inch 
On a gauged length of 10 inches each mciement oi clecicment in 
length of a ten-thousandth of an inch theiefoie icpiesents a sti ess of 
600 pounds pei squaie inch of compression oi tension, iespectrveljr 

Figuie No 15 lllustiates the places along the length of the iail 
wheie stiams of compiession oi tension aie found aftei noimal 
conditions of cooling, also zones where shnnkage ciacks occui 
Cooling stiains aie gieatest at the edges of the flanges, least m tlie 
metal of the head Thin flanges acqune higher cooling stiains than 
thick ones The head cools more slowly, on account of its mass, 
and acqunes stiams of less magnitude Rails of the heavici sections 
commonly show model ate cooling strains in the head 

Rails emeige fiom the last pass of tlie iail mill at chffeient tem-
peiatuics in different pai ts of then cioss section They aiecamboied 
to compensate foi tins clilFeience m teinpeiatine between the head 
and the base of the I ail, taken as a w hole No compensation of this 
kind is possible foi the diffeience m tempeiatine between the flanges 
of the base and the thickei metal at the junction of the web and the 
base, noi foi local stiams at the fillets of the web Neithei can theie 
be any mechanical adjustment foi stiams between the penpheial 
and tho mteiioi metal of the cioss section at any pait of the iail 
So-called balanced sections have little to commend themselves in 
this i espect 

A iail is certain to have stiams, internal and external, lengthwise 
and ciosswise, in its pnmitivc state from the iail mill As a whole 
the iail has a definite neutial axis fiom whence its section modulus 
is denved It also has a numbei of neutial axes with lefeience to 
its cooling stiams 

Placed within the outlines of tlie iail as shown by Figuie No 15, 
aie stais indicating the location of zones wheie =hunkage cracks 
occui At some penod dining the opeiation of cooling, internal 
stiams of tension aie set up, which occasionally aio of sufficient 
magnitude to cause mteiioi ciacks in the iail at these two zones It 
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lias been found that these shrinkage ciacks do not extend to the hot 
sawed ends of THE iails They tease at appioxunately the same dis­
tance fiom the hot sawed end as the distance m lateially fiom the 
penpheiy to the sliatteied /one This evidence fixes the penod of 
then foimation subsequent to the hot sawing operation The cliai-
actei of the ciacks leads to the belief they foim while the cenlial 
coic is at a fauly high tempeiahue, when the mtciioi metal lias but, 
little te-nsite stiength but is in a plastic state 

Shimkage ciacks aie l e iv minute and may escape detection micio-
scopically 01 macioscopically They contain no foieign inclusions 
They aie moie icaclily detected with the microscope on a medium 
polished sulfate than on a highly polished one Decaibim/mg the 
metal bungs the walls of the ciacks prominently into M E W Diaw 
filing often shows the location of minute clacks, the fine chips fiom 
the file becoming polan/ed and anestecl at the ciacks Pickling m 
hot acid enlaiges the ciacks by putting some of the metal into solu­
tion The lattei method of examination is a convenient one foi 
then immediate detection but clestiovs essential evidence in then 
study 

Shrinkage ciacks aie onentecl m diffeient duections, in planes 
noi mal 01 oblique to the axis of THE I A I L They signify the lelief, 
partial oi complete, oi the cooling stiam1- oi fabncation They 
should not be confused with longitudinal stieaks and seams of con-
sideiable length, which lepiesent aciculai slag inclusions Slag oi 
silicate globules m the ingot aie cbawn out into aciculai stieaks m 
the finished iail 

Shimkage ciacks aie held by come as essential antecedent condi­
tions foi the inceptions ot tiansveise fissuies Tn some cases they 
do furnish the locus, incipient fissuies having been found originating 
m sliatteied /ones Othei tmns-\eise hssuie^ HAA e been located 
unassociated with shimkage ciacks, and «trll others m iails wheie 
scaicli has ie\ealed no sliatteied metal whatsoeiei 

This featme ot shimkage cracks, howevei, is cleseiving finthei 
observation and studj Cumulative data on the pievalence of 
shimkage ciacks m transieise fissmed iails ot diffeient ages would 
assist in foinirng judgment on then influence, whether an accelei at-
mg oi a letaiding one, and whethei they concentiate oi diffuse the 
fences which tend tow aid the foimation of tiansveise fissuies 
Shimkage ciacks repiesent the relief of shimkage stiams by leason 
of the niptuie of the metal As such they would seem letaideis in 
the development of tiansveise fissuies Shaip, leentiant angles in 
steel aie known to be objectionable, neveitheless it has been shown 
that a ceitam augmentation in stiength is given by adjacent jiaits in 
such cases Stiesses of the kind heie le iened to do not admit ot 
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atciuate definition Conclusions as to then effects must be leached 
by means of seivice iccoids of the behavioi of the lails in oidei to 
clanfy these obscuic points 

Shatteied zones, similai to those of the head, aie found in the 
metal at the junction of the web and the base No example of a 
transveise fissuie has been displayed m this pait of the iail Meas­
ured tiack stiesses have shown bighei tensile stiesses m the base 
than those of the head, unclei beam action Hence it follows that 
bending stiesses do not appeal contioiling factois m the fonnation 
ot tiansveise fissuies The lowei suiface of the base, lestmg on a 
tie-plate, is exposed to a limited amount ot weai, and not infre­
quently expenences a hammenng effect between iail and tic-rilate 
But conditions theie aie not compaiablo to tlie impulses dneetly 
icceived fiom the wheels on the top of the head Fiactmes displayed 
in the head and the base are distinctly diffeient and due to diffeient 
causes 

J K O M I A I J A N D A C C M E L U R E D G O O L I X G , A L S O E F F E C T S O F G A G G I N G 

Numencal values, stiesses pounds pei squaie inch, lepresenting 
the cooling stiams of fabrication aie illustrated by figuie No 16 foi 
a iail cooled normally in air The stiesses heie given weie piesent 
m a 127-pound medium manganese steel i ail The manganese con­
tent was 167 caibon 0 68 Compiession stiesses ot modeiate de­
gree pievailed in tlie penpherv ot the head Tensile stiesses 
not measured in the cential coie of the head, leqiuied to balance the 
external stiesses, weie necessanly o l modeiate dcgice Tensile 
stiesses weie displayed at each of the fillets of the web, the mtei-
mediate jioition of the web being in a state of initial compiession 
Highei stiesses of compiession pievailed in the edges of the flanges 
than elsowheie 

These geneial lelations between the cooling stiesses of the head 
and flanges of the base aie maintained m rarls noimally cooled on 
the hot bed Attention has sometimes been called to the local cooling 
of the iail where it tests upon the skids of the hot bed Stiain gauge 
measuiements on experimental sections cooled on an non platfoim 
have not shown important modifications attaching to this featuie 

An actne penod in the adjustments ot internal stiains takes place 
while the iail is cooling on tlie hot bed The cambeied rarl at fust 
is shoitest along the base The head cools, conti acts, and stiaightens 
the iail Different paits of the cioss section of the iail diffei in 
tempeiatuie, consequently pass ovei the lecalescent penods at dif­
fei ent times A continual change takes place in the magnitude and 
i elation? of the internal stiams, some paits being in a state of tension, 
othei paits in a state of compiession, with neutial axes mteiveiling 

5 4 2 3 3 — 2 7 i 
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The cooling stiains of fabneation may be loweiecl by let aided 
cooling 0 1 laised by acceleiated cooling Cooling mediums, an, oil 
and watei, emulsions of oil and watei and bnne each have then 
peculiai influence Of these mediums bnne is the most enei getic, 
an the least 

Figuie No 17 lllustiates the stiesses m a 100-pound iail of accel­
eiated cooling This iail was cooled by an an blast, dnected upon 
the top of the head It was cooled, fiom the finishing tempeiatuie 
of the iail mill, with an an blast of 10 pounds piessme of 1 min­
utes duiation The high values of the initial stresses will be noted, 
a maximum of 29,100 pounds compiession, 11,700 pounds tension 
making a total lange of 40,800 pounds pei squaie inch To balance 
these penpheial stiesses the internal stiesses must have been coi-
lespondmgly high A favoiable oppoitunity is piescnted to develop 
internal shnnkage ciacks by acceleiated cooling 

Figuie No 18 lllustiates the stiesses m a iail which was gagged 
on one flange This was a 100-pound iail, an cooled m the sime way 
as the iail last illustrated and clescnbed It will be noted that 
internal stiesses m the flange which received the gagging blow weie 
levelsed fiom the normal state oi compiession to that ot tension 
Also that a coiiespondmg leveisal of stiesses occui led at the fillet 
of the vv eb and the base on the side stiuck by the gag Fmthei moi e 
that the usual state of tension along the middle of the width of 
tlie base was changed to compiession An abiupt transition is 
shown by the stiesses m tho opposite fillets of the web and base, 
15,900 pounds compiession on one side against 9 600 pounds ten­
sion on the othei This made a lange of stiesses at the fillets of 
25,500 pounds pei square inch, while m the opposite flanges of the 
base theie was a lange of 30,800 pounds pei square inch 

Figuies Nos 19 and 20 icpresent two 100-pound lails of accel­
erated rate of cooling, each cooled fiom 1,100° F with an an blast 
of 10 to 12 pounds piessme, of 6 minutes duiation One iail was 
gagged on the base The initial stiesses of compiession of the base 
weie loweied in values two-thuds The initial stiesses m the sides 
of the head were leversed from compiession to a state of tension 
Eeveisal to a state of tension in the flanges would no doubt have 
been accomplished if the gagging had been earned fuithei 

The internal strains set up in a beam bent beyond its elastic limit 
ennmeiated fiom the concave side to the convex side aie stiams of 
tension, compiession, tension, and compiession, lespectively To 
make these lemaiks clcaiei, a beam bent beyond its elastic limit 
springs back a certain amount when the load is lemoved, until a 
state of equilibnum of mteiioi stiams is established, wheicupon tho 
metal at the inside of the bend is put into tension, at the outside of 
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F I G 17—Init ial stiesses in a 1 0 0 pound iail cooled Lu an i l l blast 
dueeted on tile head 1 0 pounds presume of 4 minutes dmation 
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I K 18—Imtml stiesses in 1 100 pound Lail l eu ised fiom compiession to 
ttnsion tlie opeiition of gigging \ n cooled iail same is Tlgure 17 
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Fro 10—Initial stiesses in a 100 pound iail cooled £iom tempera­
ture of 1100 F by in an blast dnected ou the head, 10 to 
12 poimdb piessnio of 6 minutes duration 
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Lid 20—Imt i i l stresses in n 100 pound l nl iffei gutting on lilt 
inse An cooled ruil simc is Figuie 19 
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tlie bend into compiession, the leveise of the stiams in the metal 
contiguous to the neutial axis, the metal immediately adjacent to the 
neutial axis not having been ovei sti amed 

This disposition of internal stiains, togethei with the changes in 
the values of the elastic limits of tension and compiession, lespec-
tively, which occui in oveistiained metal, has a beaung on the 
initial state of a iail which has been gagged Internal stiains aie 
always m a state of equilibiium, but easily dislocated aftei cold bend­
ing Bending stiesses in the tiack, which leveise those of the gag, 
icadily cause pemianent sets in the iail The clastic limits of ten­
sion and compiession, lespectively, in hot woiked steel aie commonly 
equal, but oveistiaming m one dnection impaiis the value of the 
opposite elastic limit The opeiation of gagging, which to be effec­
tive must oveistiain the metal, theiefoie impaiis the elastic limits 

This featuic was lllustiated in laboiatoiy tests of a 100-pound 
iail Aftei oveistiaming in one dnection peimanent sets weie de­
veloped by leveisal of load at one-tlmcl the flbei sti ess at which 
sets of the same magnitude weie displayed befoie oveistiaming 
The same phenomenon has been lllustiated m the alternate stunning 
of steel bais by dnoct tension and compiession The total pumi-
tive elastic lange m sti ess of 100,000 pounds pei squaie inch ")0 000 
pounds each of tension and compiession, was not ictamecl aftei 
once oveistiaming in eithei dnection The sum of the tvvo elastic 
limits theieaftei fell much below the oiigmal i ange of 100,000 

This chaiactenstic lea tin e has a beaung on the behavioi ot steel 
lails in two ways Stiaightenmg by gagging leaves the iail m a 
condition susceptible of taking a peimanent set m the leveise dnec­
tion of the gagging, undei stiesses below its pumitive resistance 
The impinging piessmes between wheel and iail tend to lovvci the 
elastic limits of the suiface metal of the iail, theieby leading to 
gieatei depth of penetiation of effect Still anothei effect is noticed 
fiom which the metal lecoveis Oveistiaming has been found to 
tempoiaiily lovvei the value of tho modulus of elasticity Still an­
othei lllnstiation, the amount of powei, mechanical woik, lequned 
to lotate a shaft ovei loaded tiansveisely is notably gieatei at the 
stait than aftei a few lotations have been made Confiontcd by 
these many featuios, it is haidly tenable to ascube causes oi fiac­
tuie of steel lails in geneial to undefined mill conditions 

S I J C C E S S I V * A > N L - I L I N G or D E T A C H E D S T R I P S F R O M A R A I I 

Figuie No 21 lllustiates the initial stiesses in a 100-pound iail, 
air cooled f iom the finishing tempciatuie at the iail mill, with an 
blast of 6 pounds piessme of foul minutes duiation aftei which 
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tlie i ail was gagged on the flange designated by the lettei e The 
flange which dnectly leceived the gagging blow was left in a state 
of tension, the opjuosite flange in a state of compiession 

The detached stiips on which the stiesses weie measured weic 
subsequently annealed The stnps weie successively shoitencd in 
length, as shown by the table which follows Measuiements weie 
made on gauged lengths of 10 inches each 

GAUGED LENGTH 

A 
B 
c -
e_ . 
t -

All stops weie shoitened as indicated by the minus signs in this 
tabulai exhibit No fixed 1 elation appealed between the values of 
the initial stiesses in the intact iail and the amounts which the 
detached stnps weie subsequently shoitened The stiesses m one 
flange weie leveised by the opoiation of gagging, but this ciicuin-
stance did not pievent its following the same com se as its companion 
and the other stnps A foigmg drawn clown fiom a bloom was 
annealed Measuiements weie made on diffeient sides The shoit-
enmg was gieatest paiallel to the diiecfion in which the metal had 
been foiged 

These expeinncnts indicate changes in the density of the steel, 
suggestive of many lnteiestmg lines oi inquiiy At a very early 
date it was found that haidened steel bais would contiact in length 
upon exposme to a modeiate use in tempeiatuie, a few bundled 
degrees Fahrenheit Two phenomena wreie simultaneously dis­
played, dilatation of the steel by reason of use in tempeiatuie, ac­
companied simultaneously by an opposing contiactile movement 

The figuies enteicd in the last column of the pieceding table, under 
the caption "Final equivalent stiesses," indicate values conespond 
ing to the maximum contiaction of each ship, stiesses which would 
be leqiuied to shorten the strips those seveial amounts if the shoit-
ernng was done by compiessive foices Conveision to equivalent 
stiesses gives a bettei oppoitunity to giasp the significance of these 
changes m dimensions, expiessed in fiactions of an inch, than state­
ments of the stiams taken alone 

AIMCALMG TEMPEJATIUES 

1 1 5 0 ° 1 150° 1 600° 1,800° 

- 0 OUD - I ) 0RA9 - 0 0205 -o oroj 
- 0081 - OHO - OJIO - 0299 
- OLID — 01(17 - 0280 - 0311 
- 0082 - 0110 - 01114 - 0280 
- 0012 - 0063 - 0158 - 02LI3 

FINAL 
EQIM ALEUT 

STRESS ES 

121, 100 
69 700 

103 200 

au 700 
78 ILOO 
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S T R I P S 

A gioup of llnee figuies Nos 22, 23, and 24, piesent results ob­
tained with a medium manganese steel iail of 127 pounds weight pei 
yaid, the maganese content being 167, caibon 0 68 Figuie No 22 
shows the measuied tooling stiams on 12 gauged lengths displayed 
when stnps fiom the intact iail weie lemoved The strains ranged 
fiom 0 0033 to 0 0063 inch, lepiesentmg stiesses of 9,900 pounds per 
squaie inch tension to 18,900 pounds compiession 

The detached stnps weie twice annealed in lime, on each occasion 
at 1,450° F , lesultmg m the conti action in length of each of the 
seveial stnps The total conti actions of the detached stnps result­
ing from the two annealings are shown by Figuie No 23 The 
conesponding values oi these stiams, expiessed in pounds pei squaie 
inch, are shown by Figuie No 24 

Again it was found that the contiactibility of the stnps did not 
beai a fixed Ielation to tlie cooling stiams acquned by the iail during 
tabncation Stnps which in the intact rail were undei the oppo­
site strains, of compression oi tension iespectively, when annealed 
conti acted amounts appaiently nrespective of then piimitrve condi-
tion With diffeient tendencies m these individual stnps it would 
seem that some migiatoiy movements might take place in the 
annealing of an intact iail 

The cooling stiams in the flanges of this medium manganese steel 
iail were highei than usually found m lails of its weight and thick­
ness of flange Minimum changes dining the pioccsses of annealing 
took place in the lengths of the flange stnps These vanations in 
deciements oi length doubtless possess some peculiai srgnificance in 
the physics of the metal but of what they consist is not known 

Results deduced fiom the lesults shown by Figuies Nos 22 and 23 
aie given on Figuie No 24 The uppei set oi values lefer to the 
stiesses which existed m the rail, as noimally cooled m air The 
lowei sets of values lepiesent stiesses conesponding to the measuied 
deciements of length ot the detached strips aftei they had been 
annealed A laigo numbei of figuies placed on a single diagram aie 
apt to be bewilrleirng, but at this time, foi companson of lesults, it 
becomes necessary to present them in juxtaposition 



INTERSTATE COMMERCE COMMISSION 



ACCIDENT NEAR VICTORIA, i l lSS 

- 0 0 5 4 - 0 0 6 3 

-.0017 - 0 0 3 7 - 0002 
FiG 23—Changes in lengths of stnps dotichcd from medium, munginesc steel 

inil Figure 22 umeiled 
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I SOOC 
GZOOT 

GOOC 
2 SOOT 

I 8 0 0 T 
S 3 0 O T 

O 
1500071 

4 2 0 0 T 
II 100 T, 

3 GOOC 
18 900T 

9 9 0 0 T 
4 . 8 0 0 T 

3 0 0 C 
8 7 0 0 T 

4 2 0 0 T 
8400T 

18 9 0 0 C 1 SOOT 17700C 
5 I 0 0 T l l /OOT 600T 

ElO 24—Stresses coiiespoiKlnî  to the strains shown hi Intmes 22 "uul 23 
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Tests weie made T U T H a stnp detached fiom a flange of a 100-
pound iail, lllustiatmg hist a successive shoitemng m length after 
W I N C H it was successively lengthened, each by heat tiesitmcnt The 
si up nas taken fiom a 100-pound i ail cooled noimally m the an 
Figure No 25 lllustiates the internal cooling stiesses of fabncation, 
measuied on thiee elements—at the top of the head and on each 
flange of the base The stnp detached fiom flange g W A S successively 
shoitened by heating followed by slow cooling, aftei which it was 
successively lengthened by heating follow eel by lapid cooling 

The lesults oi the test \veie as follows 

Tiuitmtnt of <<tnp fiom nlge of flange q 
[Stnp detached fiom nit iet uuH 0 Ofll-i uioli II, 1C1O comuiessionl 

'I icatnieiit Succe^n e 
sti ims 

Fqun alenfc 
sticssc-

Honied to 1450° I and sliml\ tooled 
Heated tgam to 14o0° r and sloxdj cooled 
Heated til 1000° F andskmh cooled 
Hcitcd to 1800° r <md<do\vh cooled 

- 0 0100 
- 0120 
- 0198 
- 0303 

30 000 36 000 
>)9 400 
90, 900 

llealed m ckctue fin met- *nd quenched ITI W del fiom 185° 1 
HI itcd in cleetiic tmutice and quenched in \citcr fiom 5B0° F 
ITeated in clecfuc Tllrn K C and qutnchtd in w atei fiom 670° F 
lleuted in tlcctuc rurnfito ind quenched in i\ itti fiom S10Q 1 
lit tted m electuc furnace nnil quenched IU uatei again liom 840° F 
Ifeiti il in efccinc furn ice md quenched in ^ ttpi fiom 1100° 1 
fie ded m electric funmce ind quenched in w 'iter fiom 1300° F 
Heated ovei onen Cue md quenched fiom 1400° 1 

+ OOOJ 
+ 0010 
+ 0010 
-1- 0030 
+ 00J3 
+ 0041 
+ 0225 
+ 0ril0 

1 500 
A OOO 
4 BOO 1 1)00 
9 900 

12, 100 
07, 500 

1 il, 000 

Two diffeient phenomena aie lllustiated ni these tests of shorten-
ing oi lengthening the stnp of iail at will by beating and vaiying 
the late of cooling A physical change lesulted fiom heating and 
slow cooling, a mechanical lesult wTas leached by heating and lapicl 
cooling 

P H 1 N O M E N A C O M M O N T O D N T M I H T S T E E L S 

Othei featuies will be lefened to which have a lelation to the 
conditions of exposure of lails in the tiack, and influences of com­
position of the steel Steels of diffeient. composition have shown 
diffeient coefficients of expansion, tiaceable to the diffeient amounts 
of carbon piesent Fiom this it wToukl appeal that caibides of iron 
have diffeient piopeities than femte Low-caibon steels and pud­
dled lions have a highei coefficient of expansion than high-caibon 
steels and cast nons The influence of the micioconstituents is thus 
believed to be shown Theie aie srmilai differences m the specific 
giavities of the low and high caibon steels Low-caibon steels aie 
the heavier 

file:///veie
file:///citcr
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I zoo c 

I K 2"i—Slups fiom finite G 100 pnuiid m l nnrraillj cooled 
l l i i tcd htup shoiruied b\ <lo\\ cooliiiB Lengthened L>j lipid 
cooling 
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It was early shown that cold 1 oiling diminished the density of 

steels, cold-iolled shafting being lightei than hot lolled Snmlaily, 
steel undei stiess is lighter than when m lepose, as indicated by 
Poisson's latio Specific giavity detcimmations made upon the 
tiuncatod ogival-shaped ends of tensile specimens have shown lowei 
values than piesented in the oiigmal hot-i oiled bars 

The loweiing of the value of the modulus of elasticity at higher 
tempciatuies, mciease m stiength, when cold, mipaited to the steel 
by 0 1 eistiaimng at moderately high tempciatuies, ability to pcima-
nentlv elongate diffeient amounts, diffenng seveial hunched pei cent, 
accoiclmg to the method employed, 0 1 the entne destiuction of this 
ability, cliffeience m late of conductivity of heat ovei the transmis­
sion ot stiams, all of these featuies aie encounteied in some degice 
in the e\penence of iails in process of fabrication oi in use in the 
tiack It is compai atively easy to effect the lupture of steel It is 
a difficult mattei to legulate stiesses, attain a maximum degiee of 
efficiency and still letain a safe maigm m stiength The featuies 
which haie been desenbed aie those which steel iails expenence, 
many of them being of common occuiience Refeience will now be 
made to influences and icsults cbiectly ielating to the tiack 

I N T E R N A L S T R 1 S S E S I N K A I L S A C Q U I R E D I N T H E 111 U K 

Figuie No 26 lllustiates the stiesses which weie piesent m a 90-
pound i ail, aftei seivice in the tiack Those of the head weie 
modified by leason of a bond wnc having been bia/cd to the outside, 
uppei edge The stiuctuial state wras clistmbecl by the effects of 
the toich, indicated by the shaded poition of the sketch A cioss 
section of the iail was smooth polished, and the zone of affected 
metal biought into view by etching with ammonium pei sulphate 

Heating with the toich, for biazing oveicompiesscd the metal 
foi the time being which leveised the internal strains to a state of 
tension when the iail cooled This biazmg which wTas done neai 
the end of tho iail, on the outside of the head wras the safest place 
such heating could be applied without menace to the mtegnty of 
the metal The use of the toich on the web oi the base of the iail 
would endangei its safety, leading to its niptuie The foimation of 
cracks has been witnessed on the tiead of a chilled non wheel 
Expennientallv a small aiea of the tiead was heated with an oxy-
acetvlene toich laising the tempeiatuie ol the metal to a dull lecl 
heat Dining tho penod of cooling a small netwoik of ciacks was 
foi meet on the sui face of the tiead, lepiesontmg the lebef of internal 
stiams of tension 
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Figuie No 27 illustrates the internal stiesses of a 100-pound iail 
fiom the fiacks of the Inteiboiough Rapid Tiansit liailioacl of New 
Yoik City Its composition was C 0 81 Mn 0 86, P 0 029, S 0 042, 
Si 010 Tho total tonnage earned by this iail was 300,839 315 
tons Tho wheel loads weie ianly light, unclei stood to ha^e been 
m the vicinity of 15,000 pounds on the motoi end of the cai Not-
withstandmg the model ate wheel loads rails in the tiacks of this 
company have not been immune fiom the displav oi tiansveise 
fissuies 

Figuie No 28 lepiesents a low iail of a 3° 40' 10" cuive its 
weight was 130 pounds per yaid The aveiage composition oi the 
iails to which this belonged w as C 0 682, Mn 6 64, P 0 021, S 0 058, 
Si 0 077, Ni 0 59, Ci 0 24 The internal stiams w eie measuied aftei 
the rail had been in the tiack 16 months The middle element along 
the top of the bead had acquiied stiams equivalent to 21,000 pounds 
pei squaie inch compiession These aie cold lolling stiams which 
come from the impinging piessuies of the w heels Tt is unlikely that 
the cooling stiams of iabncation exeit a matenal influence on the 
stiams latei acqunecl fiom tho impinging action of the wheels that 
is, m iails cooled noimally on the hot bed 

The stiesses heie mentioned aie aboie the aveiage which l m e been 
obseived but do not lepiesent maximum i allies in steel iails The 
measuied stiams, m any case, aie not the maximum ones to which 
the iail head is subjected They lepiesent the peimanont effects of 
the wdieel loads, alter the loads ha\e been lemoved, and not the 
stiams endmecl by the iail while it is being loaded 

Theie is a disciepancy in values between the measuied strains of 
tension along those elements in which tiansveise fissuies aie located 
and the strains which expei rmental icseaich show necessary to effect 
niptuic undei lepeated stiesses The diffeience is in pait made up 
by the mcieased stiams to which the iails aie exposed when m a 
loaded state Expenmental results however, lepiesent obsei^atious 
made upon the aveiage behavioi oi masses of steel, and do not 
illushate what happens between elementaly paits of the metal, wheie 
fiactuies onjimate But iiactuics which occui undei the influence 
of one foice, and one toice only must be attnbuted to the action of 
that foice This syllogism aptly applies to the foimation of 
tiansveise fissuies 

Figuie No 29 lllustiates the appeaiance, in cioss section, of an 
eaily, puddled, non iail, of about 40 pounds wTcight per vaid, aftei 
etching with tmctme of iodine Internal strains m the top of the 
head w rcie equivalent to 24 020 pounds pei squaio inch compiession 
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15.000 C 

15.900 3 0 0 0 13200 
C T C 

PIG 27—Internal stiossos in a 1 0 0 pound rail fiom the hacks t>l the 
Interboiougu Rapid Transit Eaihond, New Yoik Citj 
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The detached stnp on which these stiains weie measuied assumed 
a pionounced convex shape, with the limning suitace up pei most, 
indicating the internal stiains weie of vanable degiee in magnitude, 
gieatest adjacent to the limmng suiface 

Tlie lowei wheel loads in the days oi wiought-non lails, had then 
influence on the introduction of internal stiams on that weaker 
metal as they now do on the stiongei steel lails No tiansveise 
fissuies weie ovei lepoited in 1 1 0 1 1 lails but split beads were of com­
mon occunence The wiought-iion i ails yielded by lateial flow of 
the metal of the head The laminated stiuctme of the metal was an 
obstacle to the foimation of fissuies at light angles to the giam oi '"he 
non l ion is stiong lengthwise the giam, weak in ciosswise dnei-
tion The dissimilaiity m beha\ 1 0 1 ot 1 1 0 1 1 and steel has a le-
semblance to the diffejente between that of wood and glass 

A B 1 L I T T 1 0 111" I A I N I N T E R N A L STRAINS I SSI N i l VI I N B vll S 

The ability to acqune and letain internal stiams is the veiv piop-
eity which gives steel the powei to enduie wheel loads, without which 
laihoads, as we know them, could not exist The pailicles oi the 
metal leact upon each othei They may be stiamed up to a cei tain 
clegiee betoie internal 1 uptine ensues Mild steels undei uniioimlv 
distnbutcd loads, x\ill display the phenomenon ot continuous flow 
under stiesses fai below the impinging piessmes between wheel and 
iail in anient lailwav, piacticc Mild and medium giades ot steels 
have this penod of continuous flow without advance of stiess, haul 
steels Iupline in sheai befoie this penod is leached 

Ilaidened steel balls and cylmdncal lolls possess a degiee oi 
ngidity diihcult to obtain in then lollei paths Nothing appioach-
mg then ngidity is expeiienccd in v\heels and tails oi lailway prac­
tice Although the haidest steel I ails letam then shapes, and undei 
outwaid appeaiance appeal to be unaffected by wheel piessmes 
ncveitheless they aie ovcistiained acqurre internal stiains, which 
tend to cause and do culminate m tiansveise fissuies Additional 
examples might be piesented of measuied stiams in new lails and in 
those aftei a penod of seivice m the tiack They would meiely con-
film what has ahead}' been stated 

When internal stiains fiom wheel loads aie intioduced the}' dis­
turb the lelations of pieexisting strains Likewise the lemoval of 
strips fiom one pait of the iail drstiubs the lemammg poition ot 
the cioss section, loss of metal by abiasion doing tlie same A spe­
cial test lllustiated the leactions in oveistiained bai, when poitions 
of its cioss section weie successively cut away A lectangulai bai 
bent cold into the shape of a hoiseshoe has internal stiams of ten-
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F I G 20—Cross section of an eaily wioughtiron rail etched with tincture 
ot iodine Internal stiess m top of head 24,920 pounds pel square 
inch compiession 
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sion and compiession m each of two zones They are disposed in 
the mannei which has pieviously been alluded to, tension on the 
inside of the bend, compiession on the outside It is indifEeient 
Vihethei metal is planed off the concave 0 1 the convex side of the 
bend, the aims will sepaiate m consequence theieof Aftei suffi­
cient metal has been planed off the movement of the aims leveise 
and then move toward each othei Due to inci eased letciage, the 
lelease of stiams is magnified and made easily noticeable at the ends 
of the aims 

Internal stiams in iails may be reveised, tension changed to com­
piession 0 1 vice veisa withm nanow limits In thin metal sheets 
thei may be reveised within minute limits Smce luptuie lesults 
fiom the minute sepaiation of adjacent paiticlcs, it is belieietl that 
a caielul considciation of the phenomena lelatmg to internal stiams 
is not only desnable but neccssaiv in the study of the causes of the 
luptuie of steel rails 

C O M P O U N D T Y P I O F T R A N S V I R S E F I S S U K E S 

The terminology transveise hssuie was applied specifically to a 
type of fiactuie witnessed in a steel iail m which a state of longi­
tudinal stiam led to its mtenoi ioimation It is fiequently obsened 
that fiactuies which ongmate fiom a definite cause aie dneited 
fiom their pimutive couises, detaching small fragments oi lesultmg 
in the complete luptuie of the 1 ail Ciescent-shaped bleaks in the 
bases of rails aie examples of this kind They ongmate at longitudi­
nal seams 0 1 laps, commonly at the middle of the width ot the base, 
and aie diveited to the edges of the flange Similai fiactuies occui 
in the heads of rails, especially m haid steels A horizontal split 
head, with ongm at an mtenoi streak or seams, is diverted fiom its 
comse detaching a flattened ciescent-shapc fiagment leaving the lest 
of the iail intact In othei cases the plane of rupture is deflected 
downwaid and developed ti ansveisely to the axis of the iail A 
compound tiansveise hssuie is thus foimed Surface indications of 
its piesence may be and geneially aie absenr Such an mtenoi fiac­
tuie presents the same dangei in the tiack as a simple tiansveise 
hssuie 

Figuie No 30 a and b lepiesents this type of tiansicise fissuies, 
with ongm at a minute longitudinal stieak oi slag seam A small 
silvery oval foimed about the aciculai seam, at one end of winch the 
fracture was deflected downwaid Figuie No 30a show's this blanch, 
fan-shaped, with nucleus at the end of the acicular seam The 
silvery oval is shown by Figuie No 30b, the extension oi the fiacture 
at one end branching upward In this fiactuie interest attaches to 
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the piesenee of the minute aciculai seam, which led to the display of 
this compound tiansveise hssuie 

Figure i\To 31 a and b lllustiate anothei compound tiansveise 
fissuie, at an eaily stage of its giowth Its nucleus was at a longi­
tudinal aciculai seam, the ongm of a honzontal split head fiacture 
The saw scarfs shown by Figuie No 31a weie made foi the puipose 
of detaching the top ot the rail and lcvealmg the surfaces of the 
honzontal split head fiactuie In this example the tiansveise 
hssuie, which blanched fiom the hon/ontal split head, took an 
upwaid course 

Figuie No 32 a and b, obveisc and Iexcise of the same fiagment, 
lllustiate still anothei compound tiansveise hssuie The ongm of 
this fissuie was at a hon/ontal split head fiom which it deflected m 
a downwaid dnection The tiansveise fissuie sepaiated the laigei 
part of the cioss section of the head and extended into the web This 
was a 100-pound rail, ingot lettci G The fiactuie was completed m 
the testing machine 

The leveise view of the rail showTs two neaily honzontal, but 
slightly inclined, ciacks in the upper pait of the head These wTere 
apparently sheanng fractures, the top of the head being cold lolled 
and sepaiated fiom the metal below without piesence of a longi­
tudinal seam These shearing ciacks weie obscuie, the shoitei one 
haidly perceptible They weie made prominent for photographmg 
by thaw filing, allowing the polanzed chips to gather about the 
ciacks 

Figuie No 33a lllustiates a tiansveise fissure which, m its devel­
opment, was anested by the piesence of a vcitical split head fiactuie 
Its giowth however, continued by extending over and beyond the 
uppei edge of the veitical fiactuie This iail furnishes an example 
ot reveise action to preceding illustrations of compound fractuics 
wheie honzontal siflit heads bianched, upwaid oi downwaid, into 
tiansveise fissuies In the piesent example the nucleus of the tians­
veise fissuie was on the gauge side of the head lemote fiom the 
veitical ciack The tiansveise fissure wras stopped at the vertical 
crack This laie combination of fiactuies prompts the queiy If a 
laige scam oi ciack possesses the ability to stop a tiansveise fissuie 
would it be expected that a small seam would possess the ability to 
stait one ? The mattei lesolves itself into the question of onenta-
tion, this example tending to eliminate fiom consideration the pies­
ence of longitudinal seams as essential piecmsors m the foimation 
of tiansveise fissuies If they aie not vital, anxiety would centei 
solely upon those shimkage ciacks which aie onentecl m planes 
substantially noimal to the axis of the iail 
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FIG 30o 

1'ias °,0A ind 3l)Ii—Compound tiansieise [insure onglntitint' at T sm ill longi 
LiifliiiaT scam Vcitical (lovclopment sliovin bj insure *IQA, hourontil oial 
fiioture containing longituduifil seam SHTYW N bj bigurt °A)I> 
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l i e 30b 
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FIG 31o 

I1 TGS 31a. irid JIG—Compound tiansierse fissuie 
Hon/ontal split held branching upward into a 
transverse fissaie O n g m of split head at longi 
tudmal scim 
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Fits '-i2a IIKI i,2t)—Compound timsioiibe lis&ini m si 100 pound n i l onginnliiij 
lit i liori/onti] split head Inguio 32BJ tiansieibi fissuie liiinclung down 
wind fiom tplit lioad Figute i2b, tn o lnuizonhl split In Mil clicks tin longei 
of which led to the foimntion ol the tidns\eise (issiuo. 
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F I G Jia—Transverse flssiiie in an 85 pound iail aucsted at a split head 
fiictuic 
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Fro Sia—Split lie<id fiactuie 111 an 85 pound rail Opposite end 
of Sliort fragment Figuiefe 33« and 336 
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Fie 3Iti—Split bead fiactuie of Figuie S4a extended by peeiiint to lunnnig sui 
face of liead 
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M 1 C H A N I C A E I X T E N S I O X 01 SPLI1 H I A D F R A C 1 U K F 

Figuie No 34a lepicsents the veitical ciack in the head of the 
iail on the end opposite the transvei'-e fissuie which is shown by 
Figures No 33a Aftei its fmtliei development the split head fiac­
tuie is shown by Figuies Nos 33b and 34b 

The fiactuie of this iail lllustiates the effects of two foices, a 
longitudinal foice which developed the tiansveise fissme and a cioss­
wise foice which developed tlie split head Each foi a time weie 
piobably developed independently of the othei Cold-i oiling effects 
aie felt in two dnections, netting up stiams of compiession both 
lengthwise and ciosswise the iail It is unusual, howcvei to find 
associated fiactioes of these two types 

Feihaps these fiactuies weie not of simultaneous ongm, but uhen 
the tiansveise fissuie had lcached the middle of the head its piogiess 
was unquestionably anested by the veitical tiack The uppei pait 
of the tiansveise fissuie then tiept ovei its top 

The split-head fiactuie extended in depth to a point abieast the 
filet undei the head The uppei pait only is clearly shown by the 
cut This featuie will be noted, that in the foi matron of the split 
head fiactuie the metal of the head was sepaiated two thuds its 
depth without indications of its piesence being piesented on the 
running suiface The usual daik sticak along the middle ot the 
limning suiface, so much lehed upon as visible evidence, is an indi­
cation oi a split head which comes late in its development When a 
daik sti eak betoiiies visible to the obscivei, the final stage of fiactuie 
is about leached The nanovvness of this split head ciack is again 
shown by Figure No 34a 

Aftei photographing, the spirt head fractuie was extended by 
mechanical means analogous to the action of vvhetl piessuies The 
top ot the head was peencd with a hand hammei setting up stiams 
oi compiession which eventually weie sufficient to cause an upwaid 
extension oi the ciack The peenmg was continued, along the mid­
dle of the length ot this shoit section of rarl, until the veitical ciack 
leached the top ot the head at each end of the specrmen Jigures 
Nos 33b and 34b show the lesults 

The mechanically extended ciack passed tlnough the overlapping 
suiface of the tiansveise hssuie In the absence of longitudinal 
lesistance the influence of the peenmg was ielt only in a ciosswise 
directum Theie is no reason foi believing the extension of an 
incipient tiansveise fissure could not be accomplished m the same 
inannei In fact it has been clone with a small fragment of the head 
of a iail 
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One of the leasons why tiansveise tissues commonly develop into 

oval-shaped suifaces is the 1 eqimement that some poition of the 
cioss section of the metal of the iail be in a state of compiession to 
leact upon and stiam by tension the penpheiy of the tiansveise 
hssuie The metal immediately below the niiining smfacc of the 
iail is vntually cold swaged, the giains of the steel flattened and, 
as well known, steel undei such tieatment will display gieater duc­
tility than possible in a tensile test wheie the total elongation has a 
ielation to its tensile stiength Malleability is the teim which best 
expi esses the ability of steel to flow under swaging piessuies 

External evidence of eithei a split head or a tiansveise fissuie is 
piesentcd only upon a close appioach to final luptuie A sag m the 
head means that longitudinal niptuie along the fillet has neaily 
taken place, extending the iiactuie excepting a thin layei of metal 
below the i mining suiface At that stage thei e is similanty m action 
between the shcanng of a fin fiom the side ol the head and detaching 
a ma]01 poition of the metal ot the head The piactical diffeience, 
howevei, is gieat in lespect to the element of dangei 

In general, the actual sepaiation of the suiface metal of a split 
head rail hist occuis in the fillet undei the herd, and the first visible 
suiface sepaiation of a tiansveise fissuie is commonly on the side of 
the head oi in the fillet 

Figuie No 35 lllustiates the development of a tiansveise fissure 
in a 100-pound open-heaith Vanadium steel lail A laige pait of 
tho cioss section ot the head had been fiaetuiecl The tiansveise 
fissuie leached the smiace on the gauge side of the head, substan­
tially its entne clei^th The fissuie extended neaily acio=s the width 
of the head but without leaching the imining suiface The featme 
of malleability piescived the metal fiom niptuie at the immediate 
top of the head This iail displayed a tiansveise fissuie aftei one 
yeai, 20 clays' sei i ice 

The presentation of a tiansveise fissuie which coicis so laige a 
poition of tho cioss section of the head gives emphasis to the queiy 
concerning its late of giowth, whethei umfoim, accelerated, oi 
letaided Undei the piesent state ot knowledge a definite ansvvei 
carr not be given A pi ognostication would depend upon complete 
knowledge of the foices which contnbute to cause the fissuie togethei 
with a consideration of the resistance ot the iail at diffeient stages 
in its giowth 
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I'm 35—Tiansieise Assure in 100 pound 0 EC V-inachuiii stce-I 111I T i i n s m s e 
Assure reached suifice at side of bead but not iunmn a suifice 
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B E N D I N G STRESSES N O T P R I N C I P A L F A C T O R S I N T H E D I S P L A Y O F IRANSVLItSl 
F I S S U R E S 

The piopeities of caibon steel aie such that bending stiesses can 
not be held accountable foi the display of tiansveise hssuies, except 
in a secondaiy degiee As a beam the stiength of the rail would 
rapidly dimmish with the giowth of a fissuie The giowth of two 
tiansveise fissuies in close pioximity would be piactically incom­
patible with beam action When, howevei, a sufficient degree of 
weakness has taken place by leason of the extension of the tiansveise 
fissuie the fiactuie of the balance of the iail suddenly occurs m the 
tiack, m the mannei which it would fracture undei a bending stress 
in the testing machine Since the iail sustained the bending stiesses 
of the tiack while this weakening ellect advanced it does not follow 
necessanlv that final niptuie occunecl solely undei the effects of 
bending loads 

With so small an aiea of uniuptmed metal above the periphery 
of the tiansveise fissure, as displayed by the iail lllustiated by Fig­
uie No 35, the completion of niptuie does not admit of being 
attnbuted to the influence of the aiea of intact metal above the 
fissuie Some lecent lcsults, which will be l e fcncd to latei in this 
lepoiL, suggest the influence of longitudinal vibrations as a possible 
factoi m the final fiactuie of tiansveise hssmed iails 

It has long been suspected that steel 1 ails, not unlike metal located 
in othei places would lesponcl to the influence of vibratoiy waves 
Veitical waves aie cleaily appaient m the tiack, occurring undei all 
speeds oi tiams Under tiansveise violations tho outside hbeis 
of the iails would be most affected, but these vibiations do not seem 
of greatest impoitance to fiactuies which develop fiom within the 
peupheiv In icspect to longitudinal vibiations the mattei presents 
a different aspect Ileietofore in lepoits upon tiansveise fissuies 
no tefeience has been made to vibiatoiy stiams, foi the leason there 
was no evidence available associating such stiams with the fractures 
of iails Evidence of such a nature has come to hand which will be 
lnooi poiated heiem 

H E A D C H E C K E D RAILS 

Figuie No 3G lllustiates a type oi fiactuie in a 100-pound rail 
to which the name head check has been applied It originates at 
the suiface ot the head at 0 1 near the uppei comer at the gauge 
side It develops m a tiansveise plane Originating m a locality 
wheie internal stiains of compiession aie acqmicd some special 
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leason ioi its inception must be piesent It is appaicntly a type 
of wheel binning, in which stiains oi tension have been mti oil need 

A senes of photonnciogiaplis each 100 diameteis magnification ll-
hisLiate the appoaiance of the sfeel neai the top suiface oi the iail, 
Nos 30 a to f at places indicated by letteis placed on cut No 36 
Figuie No 36a lepiesents a longitudinal section, at the liinnmg 
suiface of the i ail, neai the up pei coinei, gauge side Theie was 
haidened and ciacked suiface metal, with a /one of haidened steel 
next below in which outlines of the giam stiuctuie lemamed Fig­
uie No 36b shows the depth of the haidened zone with the noimal 
stiuctuie of the steel beyond Nos 36 a and b slightly oveilap 
each othei 

Figuies Nos 36c and 36d -mow the flattened giams of the steel 
neai the uppei outside coinei of the head Below a shallow layer 
of haidened metal the giams weie flattened with an outwaid flow 
These twro aie tiansveise sections Figuie No 36e shows the dis-
toition of the giam on a tiansveise section neai the middle of the 
top of the head Figuie No 36f, also a tiansveise section, shows 
the noimal giain stiuctuie oi the steel below the affected zones 

In icspcct to internal stiams, lelations have not been established 
between the zones of metal of noimal shape and those of flattened 
giams It has been found possible m the lathe, to turn off loughmg 
chips fiom a steel axle of such depth of cut and feed that internal 
stiams of tension lesulted m the metal below the chips lcmoied 

A thm layei of affected metal next the liinnmg suiface was shown 
in eailv tests of steel jails This layei ot affected metal detiacted 
fiom the bending piopeities of the iail leading to bnttleness of 
tiattmc when loaded to cxtiemity Annealing lestoied the tough­
ness of the iail This behavioi deinonstiated the fact that the cold-
lolling action of the wheels destioyed the toughness of the metal 
pi ioi to actual niptnie In the physics of sfeel it is a maftei of 
mteiest to know that destiuction ot toughness the ability to flow 
and take peimanent sets, inaiks a stage m the appioach to niptuie 
pi ioi to the actual sepaiation of elemental}' paits 

This phenomenon appeals to be witnessed m high manganese 
steel lails, leading to piogiessivc liactiues beginning at the nmnmg 
suiface of the iail and extending downwaid tbiough the head and 
into the web 

Figuie No 37 lllustiates the gashes which weie fonned in the head 
ot a high manganese steel iail in a bending test, with the head on 
the tension side Fi actuics of this kmc! aie not displayed by caibon-
stecl rails The toughness of this lemaikable matenal was destioyed 
by the cold lolling ot the wheels at tho immediate limning suiface 



IViG Jfl—Head checked iail Weifcht 100 pounds pei laid Micio'stmetuie shown 
hi iiguies Xo '-ib a, 1J, c , <l e, iiid } 
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T I G 50o 
P I G ida—"UK lOStuiLtme at a Hairlened ind clicked kiuface 

inetnl ind hardened metal next below with outlines lemiining 
of feiam sliueture Longitudinal section Magnification 100 
diameters 

l i t 3G[>—Miciostiucfuie nest below ,iGa Hudened zone with 
iioimil stmctuie below Shaip line of denialkitiou Longl 
tudinal section MigiiifU.atioii 100 diameters 
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Fit, S6(Z 
Fro 3( ic—MioostLULtuLL at t at liinnmg snifaec Hardened 

bkm inci flattening ol tne giimfa showing outwiid How Tians 
Te i se modioli Magnification 100 dmi i e tLrs 

Fic i(id—"Vticiostinttinc uelon neai outside romei of the 
head, shotting flattening of Ihe „ i a i n n ith onfciviid Son 
Transverse section Jlatnificntioii 100 dmmetcis, 
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F i t J 6 f 

Fir "idt—Micioatmctuic neai ton of head middle of width 
Slight haidemiiK of the suifaec metal and shallow zone of fiat 
tencd s n i n lrins\erse section Matniflcation 100 dnmetcit. 

F i t *HSf—isoimal stmcture or the sdeel Yicimti of upper pait 
of head TiuisieisL section M ignilicatioii 100 diameters, 
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J , I G olis _ j n u s , c r s e n^nie, dis-plajecl liy a 7N(.<Jium manganese steel rail Bess.pnici 
steel In teiMce 13 j ia i s 
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The toughness of the steel below the affected zone was letamed and 
the extensions of these gashes lestncted In this featuie the be-
havioi of high manganese steel is unique It possesses elements of 
safety against sudden niptuie witnessed m no othei steel 

Favoiable lepoits have been announced concerning the lesistance 
oi iails of medium manganese content against the formation of 
tiansveise fissuies, manganese of 125 to 175 pei cent Investiga­
tion of the piopeitias of this gi ade of steel have shown it not unlike 
caibon steels, so fai as laboiatoiy tests indicate 

1 R A X S V E U S E E L S S U R E r N M E D I U M " M A N G A N E S E S 1 E 1 - E It U L 

Figuie No 38 lllustiates the appealance of a tiansveise fissuie 
displaved by a iail of medium manganese content This was a Bes­
semer steel iail, 100 pounds weight pei yaid, which had been m 
seivice 13 yeais Chemical analysis made of the metal fiom the top 
of the head gave the iollowmg lesults C 0 61, Mn 123, P 0 059, 
S 0153, Si 0 142 

The tiansveise hssuie was located 9 feet 8 inches fiom the receiv­
ing end The middle pai t of the length 11 feet 4 inches, w as broken 
into 50 pieces The leaving end lemamed intact 

The en cum stance of this being a Besseniei iail does not piesent 
an unusual featme In a compilation of tiansveise fissmed iails 698 
Bessemer steel iails came to notice 

VMIM'L B U R N T R A I L S 

Wheel burnt iails aie of common occunence, eveiy yaitl furnishing 
examples They aie specially pievalent wheievei tiams slop and 
stait The cause of then occunence is the skidding of the wheels, 
then lotation being cithei faster oi slowei than the movement of 
the tiain, it is lminatenal which Some examples aie pronounced 
by leason of the seventy of then appeal ance, exhibiting deeply 
seriated and loughened sin faces of the heads of the rails while 
otheis harcllv display any of these familial manifestations Wheel 
binning also appeals m situations wheie it wToulcl not ordmanly be 
expected 

The frictional resistance encountered m the slipping of the wheels 
laiscs the lempeiatine of the suiface metal of the rail practically 
instantaneously Fnctional resistance is doubtless the most expedi­
tious method of laismg the tempeiatuie of steel to an incandescent 
heat When heated suddenly and ot shoit dm a I ion only a super­
ficial layei of the nietal is dnectly affected By conductivity the 
metal next below cpienches the intensely heated surface nietal In 
steels having the chemical composition of rails this sudden abstrac-
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lion of heat effects llieimal haidness of the metal Snmlai eftects am 
witnessed at the ends of cold-sawed tails 

In the nncioscopio examination of wheel-burnt lails, layeis of 
haidened steel aie found supenmposed on metal of noimal stiuc­
tuie Examples have also been witnessed in which the immediate 
sin lace metal had evidently been leheated and annealed Those 
examples displayed an uppei layei of annealed metal lesting upon 
a haidened layei, which in turn lesfed upon metal of noimal stiuc-
tuial state Diffeient lesults will be leached accoidmg to the late 
of heating, the degiee of tempeiatuie leached its duiation, and 
the late of cooling 

The usual appeal ance ot a wheel-buint mil lequnes no illustia-
tion Howeiei , a bettei conception ot the distmbed metal may be 
obtained by pickling in hot acid Pickling may e\en leveal the 
jiicsence oi whcel-biunt metal not appaient wdien the iail was m 
the tiack Elange-wom lails have exhibited such evidence flails 
have shown a senes of theimal ciacks, on the coinei of the head, 
gauge side, of such legulanty of spacing they lesembled the giad-
uations on a foot nde Such theimal ciacks have been witnessed on 
the low lails of a 3-clegiee cui^e 

In skidding, the wheels should not lemam long in one spot to 
effect the haidenmg of the suiface metal Prolonged heating, due 
to the slipping oi wheels without then advance, laises the general 
tempeiatuie oi the entne head, with lesults entiiclj difleient fiom 
those which iollow sudden heating and cooling A veiy complex 
state of internal stiain is set up bv piolonged heating, depending 
upon conditions which fluctuate so widely that no accuiate piedic-
tion can be made ot what the final lesults wrill be 

An example of piolonged heating was piescnted in the wdieel 
binning of sonic 90-pound tails which weie located in a tunnel The 
wheels skidded foi a time beioie it was leahzed the engine was 
not in motion The tops of the heads of the mils weie hollowed 
to a depth of 0 3 inch undei the w heels The cntn e heads and a 
poition of webs weie hcatecl iecl hot 

The internal stiams m one of the lails weie measuied At a 
stage in the examination of the iail tlie mteinal stiains taken 
along one element of the head lepiesented a sti ess of 1C 200 pounds 
pei squaie inch tension, while at anothei stage the stiess along 
the same element upiesentecl 14 100 pounds pei squaie inch com­
piession Planing away a poition of the cioss section of the iail 
leveiscd the mteinal stiams along the measuied element 

Notwithstanding the stiuctuial injmy oidmaiily caused by wheel 
burning the mimed zones aie leenfoieed and held togethci so effi­
ciently, by vntue of the physical piopeities of the steel, that the 
lails aie enabled to enduie this seveie tieatnient and lemam intact 
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and sen icoable, at least in many cases Rails winch have fiactnred 
from this cause, which is also called snow binning in some sections 
ot the tountiy since such occuncnces take place while ploughing 
out snowdnfts, have exhibited gieat local clistuibance ot the metal 
befoie they succumbed to these destiuctive influences 

IlOIT-HOLE T R A C T U R E S 

Whenever steel is exposed to alternate stiesses and of sufficient 
mtensitv the ability to pennanently elongate undei tensile stiess 
is destioyecl Conditions at the walls ot bolt holes in iails are such 
that loss of ductility is thcie expenenced The dulling ot bolt 
holes, adopted many yeais ago to escape the objections to punching, 
does not eliminate the dangei of rupture under seivice conditions 

Kails display buttleness of fiactuie at bolt holes Fiactures orig­
inate at then walls without appreciable enlaigement of then 
diameteis This happens while the metal at adjacent bolt holes may 
still letam its ability to be dnfted into much larger holes without 
luptuie The buttleness displayed is aftnbuted, in pait at least, to 
hammei action between the webs of the iails and the shanks of the 
tiack bolts Cleaiance oiiginally piovidcd foi is lost by the cieep-
mg ot the rails Bolts aie fiequently bent and the walls of the bolt 
holes aie upset 

Some fiactuies take longitudinal comscs acioss the horizontal 
diameteis of the bolt holes, otheis foim on oblique lines at angles 
45° with the longitudinal axis of the iail The display of oblique 
lines oi niptuie is taken to indicate that sheaimg stiesses play a 
pait in the foimation o l bolt-hole fiactuies 

The piesence of this type of fiactuie is obscuicd m its early 
stages bv the splice bais Not until a fiactuie has extended beyond 
then ends does it commonly admit of detection In some cases a 
honzontal line of niptuie bituicates and completely detaches a shoit 
piece oi the iail 0 1 sepaiates a piece of the head fiom the web 
and base 

A R 1 I I I C I A L T R A N S V I USE FI S S U R E S 

Tiansveise fissuies have been pioduced expeiimentally in new 
rails Then positions in the head of the iail was undei contiol 
They weie developed centially when the iail was loaded in upnght 
position, 0 1 located in the nght oi left side of the head when the iail 
was canted to the light oi to the left 

Artificial tiansveise fissuies weie made by means of gagging blows 
applied successively at shoit mteivals along the head, then ieveismg 
the iail and lepeatmg the blows along the base The tests weie made 
on half-l ail lengths Befened to full-iail lengths, the numbei of 
blows lequned to bieak the rails and disclose the tiansveise fissuies 

•5J2S5—27 6 
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langed from 50,000 to 250,000 Each gagging blow was moie severe 
than used in the oidmaiy stiaightemng oi a iail These tests showed 
there is little need of anxiety concerning the effect of a scoio oi less 
of gagging blows in the usual sti aightemng in the gagging pi ess 
as affecting the mtegnty of the metal Gagging blows in oidmaiy 
piactice aie delivered only once oi twice in a place, and seldom m 
leveised direction 

In pioducmg artificial tiansveise fissures it was necessaiy to gag 
the iails successively at shoit intervals along their lengths, lepro-
clucmg as nearly as possible track conditions of continuous rolling 
by the wheels Gagging m the same plane alternately on the head 
and the base resulted m regular beam fractuies, that is, m fractures 
having then origins in the outside fibeis of tho lails 

Aitihcial tiansveise fissuies were of mteiioi ongm, identical 
with those developed in the tiack They displayed sin faces lesem-
blmg the nuclei of track transveise fissuies, without the silveiy bur­
nished effect believed to be caused by the opposite sui faces being 
hammered together and closing the minute gap between them when 
the wheels aie dnectly above them 

Diffeient weights of lails and diffeient heats of steel v>oie repre­
sented rn these aitificial transverse fissures 

T R A N S V E R S E FISSURES I N S E V E R A L P E A C E S I N T H E S A M E R A I L 

Certain rails contain only one tiansverse fissuie when they are 
lemoved from the tiack foi the display of this type of fiactuie 
In others several tissuies exist m different stages o l development 
Among those which have been examined many have been found to 
contain more than ono fissuie The transveise fissuie displayed 
m the track is commonly a pionoimced one in lespect to size but not 
always the laigesfc in the iail 

Figuies Nos 39 a, b, and c lllustiate the fiactuied sui faces of a rail 
which was broken, aftei lemoval fiom the tiack, in 15 places At 11 
places tiansverse fissures were m the piocess of development Stal­
ling effect, so called, c hai actei lzed iom of the fiactuied surfaces 

In this gioup the fiacture which was made at the distance of 28 
feet 1 inch from the leaving end of the iail displayed a minute 
silveiy crescent This manifestation identifies the fiactuie as an 
incipient tiansveise fissuie The nuclei of transveise fissuies piesent 
chaiactenstics shown m tensile fiactmes and likewise those of slinnk-
age ciacks The identity of an incipient transveise fissuie becomes 
certain only when evidence is presented of its progiessive foimation, 
that is, when a silveiy luster rs shown on a poition of the fiactuied 
suiface 
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When a 1 ail is bioken undei the diop with the head in tension a 
stairing effect of mtenoi location is commonly show n This does not 
mean necessanly that the locus of a tiansveise fissuie has been dis­
played It identifies the point where the metal hist sepaiated Be-
forc ruptme occuned the metal at that place, some distance fiom the 
neutial axis of the iail, may have elongated seveial pei cent Tho 
diffeienee in behavioi will be kept in mind between the measuiable 
elongation of the metal in a iail fiactmed by a bending test and the 
absence of measuiable elongation m the case of a tiansveise hssuie 
Enoneous mtcipietations of what has been witnessed would account 
foi the caily announcements made upon 1 lie presence of embiyonic 
transveise fissuies in new iails 

Figui e No 40 is a line diawing showing the locations and diameteis 
of 50 tiansveise fissuies which weie found in the same iail One 
tiansveise fissuie was displayed in the tiack, one m handling, and 48 
others in its subsequent test undei the diop Some of the short 
fragments, the subjects of later studios, displayed additional fissuies 

This was a 90-pound iail, which had been in the tiack foi a peuoil 
oi 14 yeais The mill analysis tor the heat was C 0 72, Mn 0 75, 
P 0 033, S 0 036, Si 0 20 It had the ingot lettci E oi F Examina­
tion showed a sliatteied coie m the centei of the head, in which zone 
at least some of the tiansveise fissuies had (hen origins Theie was 
no abnormality in miciostiuctuie nor foreign inclusions associated 
with any of the fissuies examined The aggiegate aiea of the fifty-
odd, transveise fissuies was foui times the entue sectional area of 
the iail 

T R A N S V E R S E E1SSITHFS DISCLOS1D B Y S H O C K T E S I S 

In cutting iails to length in the leclamation yaid of the St Touis-
San Francisco Raihoad, Mi J" G Tayloi, special engmeei effects 
rupture by endwise shocks Staitmg a ciack in the iail by nicking 
with a chisel, niptuie is completed by stnkmg the end oi the iail 
with a sledge hanrmei The longitudinal vibiations set up by the 
shock of the hammer aie adequate to complete the fiactuie of the 
iail, an extenoi ciack of limited extent having been made by the 
chisel 

Shock tests weie made upon a section of a iail which displayed a 
tiansveise fissuie in the tracks of the Chicago & Noith Western 
Eaiboad This was a Gaiy iail lolled m Octobei, 1912, weighing 
100 pounds pei yai d The section expei imented upon was 9 feet 10 
inches long, one end oi which was hot sawed, the othei end had a 
tiansveise fissuie, V/2 inches m diameter, drsplayed in the tiack 

Theie weie suiface indications of two additional ti ansveise fissuies 
m this section, which appioached very neai the penpheiy of the 
head The section w as thcictoic an eligible one upon which to iepeat 
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tlie shock test of the St Louis-San Fiancisco Raihoad Theie w as a 
thud transveise fissuie in this section of iail the presence ot which 
was unsuspected, but which the shock test disclosed 

The hot sawed end of the iail was stiuck with a 10-pound sledge 
about 20 shaip blows, wheieupon the iail sepaiated neai the middle 
of its length at a tiansveise fissuie having a diameter of V/2 inches 
The sui faces were bnght and silveiy 

Kesummg the test, a few additional blows of the sledge caused 
the iail to sepaiate at a tiansveise fissure located 20 inches fiom the 
hot sawed end It had a diametei of 1% inches, the sui faces being 
bright and silveiy Theie weie no surface indications ot the ex­
istence of this tiansveise fissuie pnoi to the shock test 

Again testing one of the longer fiagments, two blows of the sledge 
caused the iail to separate at a tiansveise fissure located 15 inches 
fiom the fissuie which was displayed m the track The sm faces 
of this fissure were also bnght and silveiy 

Thus, it happened that thiee tiansveise fissuies weie displayed in 
this piece of rail by moans of endwise shock, striking the iail on 
end with a 10-pound sledge 

In the second test there was a noticeable change m the pitch oi the 
note emitted by the iail aftei a few blows of the sledge Befoie 
liiptme was completed the pitch of the note was much flattened, 
clearly indicating piogiessive fiactuie undei the vibiatoiy stiams 

The longitudinal vibiations, concentiatecl and intensified at the 
edge of the mteiioi fissuies, caused liiptuic which undei conditions 
of static load would have leqiuied several hundied thousand pounds 
gioss sti ess These transveise fissuies each comprised about 20 pei 
cent, the full sectional aiea of the iail or 40 per cent the sectional 
aiea ot the head 

Ceitain longitudinal strains would be expected to accompany the 
veitical wave motions expenenced m the tiack, and become factois 
m piomoting luptuie Indeed the presence and influence of longi­
tudinal vibiatoiy stiams seems essential to aid in reaching final nip-
tine when the aiea of unruptmed metal above the tiansveise hssuie 
has become much leduced Upon such an hypothesis high speeds 
would become active faetois in the development of tiansv eisc fissuies 

In ordnance engineering it is held that longitudinal wave motions 
tiaveise the chase of a gun in advance of the piojectile and aie le-
fleeted m such a mannei that the noimal ladial stiams fiom the 
powdei piessmes aie mcieased At high lates of speed a wheel 
tiaverses the length of a iail m about one-thud of a second of time, 
a lapicl movement but not compaiable to the late of tiavel ot longi­
tudinal vibi ations in steel It is conceivable that high speeds, as well 
as intense impinging wheel pressuies, each contubute then shaie 
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towaid the development of tiansveise fissuies, and that bending 
stiesses m a rail which sufficiently weakened may shaie m its final 
i uptuie 

11IE D E T E C T I O N 01 P A R T I A L L Y !)!• \TJ O P E D T R A N S V E R S A EISSTJRES 

Tiansveise fissuies in the tiacks befoic final sepaiation of the 
i a lis aie at times diseoveied Fine han lines appeal on the side of 
the head, commonly on the gauge side, wheie veitical ciacks sepa-
late the penpheral metal Pnoi to complete sepaiation a nist 
stieak may appeal, indicating the approach of a tiansveise fissuie 
io the suiface of the head Careful sciutmy rs necessaiy to detect 
these pieinonitoiy signs winch do not appeal until complete fiactuie 
is close at hand Some suiface manifestation is, of course, necessary 
to admit of macioscopic detection 

When thousands of iails each yeai display tiansverse fissuies it 
is a matter of giave impoitance lespectmg safety of tiavel to acquiie 
«ome definite mfoimation upon then piesence in iails m the tiack 
m then eaily stages of development Dei ailments due to tiansveise 
fissures aie laie m which the initial bieak in the iail does not show 
a fissuie having daikened suifaces, that is, a tiansveise fissuie which 
had not bioken thiough the penpheial suiface of the head, admit­
ting an and acquinng darkened sui faces It follows that all such 
fiactuies weie possible of detection befoie the dei ailment occuned 
The possibility of detection, howevei, may have been limited to an 
mteival ol time of vci} ' bnef (filiation, too shoit to be of piactical 
value Theie aie physical limits to tiack inspection, and the detec­
tion of iails which aie on the immediate veige of niptuie yields a 
maigm in safety too slendei to commend itself 

It is customaiy on some lailioads to remove fiom the tiack all 
iails of a heat m which a ceitam numbei have displayed tiansveise 
fissuies Undei the niles established by one State such lemoval is 
mandatoiy when tlnec iails have displayed tiansveise fissures The 
piomulgation of such a nile canies with it, by implication, the 
assumption that some mheient defects exist which peinreate the 
entue heat The physical condition of the iails thus lemoved, how­
ever, does not appeal yet to have bpen the subject of mquiiy Fiom 
the standpoint of economy it is not justifiable to lemove thousands 
of iails upon unsuppoitecl suspicion By linjilication, also, such 
I ules place iesponsibility for the display oi transveise fissuies upon 
some indefinite, undefined piopeity of an entire heat upon which 
no evidence has yet been diseoveied Some inspecting engineers go 
a step faithei and assume that individual ingots differ essentially 
in then tendencies to display tiansveise fissuies Vagueness pievails 
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in the foundations of such beliefs, which attach to no known physical 
piopeity The only definite featuie is tho a^seition itself that some 
heats ot steel display tiansveise fissuies while otheis do not, oi have 
not undei identical conditions of seivice 

The detection of the piesenco of tiansveise fissuies in then eaily 
stages of development piesents a tangible subject ioi discussion 
Devices winch have been offeied aie oi two classes, those which 
depend upon vauations in magnetic propeities and those which 
depend upon iliffeienoes in electucal resistance No piactical lesults 
appeal to have been leached with magnetic devices, and contingencies 
aie such that none would seem to be expected Neaily 50 yeais ago 
extiavagant expectations attached to the subject of magnetic testing 
which subsequent mfoimation indicated was fallacious 

The possibilties of an electucal lesistance method was definitely 
shown m a demonstiation made by Mi Elmei A Spoily m the yeai 
1923 oi eailv pait of 1924 Expenments weie conducted upon a 
model m which an mteiioi an gap had been piepaiecl, lepiesentmg 
in effect a tiansveise fissuie The location of the an gap was in­
dicated by Mi Speny's device, who at that time expiessed the con-
seivative belief that an mteinal tiansveise fissuie equal m aiea to 
15 pei cent of the head could he detected by his appaiatus 

Since no tiansveise fissuie oi that limited size has come to notice 
as the piimaiy cause of a cleiailment it necessaiily follower! that the 
detection of such fissuies in the tiack and those somewhat laiger in 
size would be the means of aveitmg accidents due to the development 
of tins type of fiactuie 

It then definitely appeared that a device had been piesented foi 
the hist tune which made it possible to detect in lails m seivice this 
most insidious and dangeioits type of fiactuie Such a device opened 
gieat possibilities, maiking a most important advance m leseaich 
woik and achieving success m a line of woik ducctly associated with 
safety m tiavel 

The lesults of the demonsti ation made by Mi Speny in 1923 did 
not immediately attiact favoiable attention fiom the useis of lails 
Howevei, aftei the lapse of some thiee yeais the mattei was taken 
up officially by tlie u=eis of tails and an appiopnation made foi the 
fabucation of an appaiatus foi the tests of full-si/ed lails 

1I1E S P E R R Y E L 1 C 1 R I C A L R E S I S T A N C I A M l ' L l l Y I N G T R A N S V E R S A F I S S U R E 
DETEClOll 

The honoi of devising an appaiatus capable of detecting the pies-
ence of dangei luikmg within the head of a iail was thus reseivecl 
toi Mi Elmei A Speny Among safety appliances its position is 
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unique Safety in tiavel is menaced by a type of fiactuie which 
develops m the heads ot iails, to which the teiminology tiansveise 
fissuie has been applied It is a hidden dangei Othei safety appli­
ances deal with visible elements of dangei, this with unseen dangei 

Recent demonstiations with the Speny detectoi have shown it 
capable of indicating the locations of tiansveise fissuies in diffeient 
sLages of development iioni those m aiea less than 2 pei cent the aiea 
of tho head up to those winch have sepaiated the maior pait of its 
cross section Conversely, ceitam iails each of which has displayed 
a transveise fissuie in the tr ack and have been shown by the detectoi 
to contain none othei, the most diligent scaich foi an additional 
hssuie has been without avail The detector rlrfferentiatcs tho mtenoi 
fissuies according to then sizes 

The Speny detectoi opens the way foi the acquisition of accuiatc 
information upon the stiuctuial state of steel rails not leahzed m 
any other device yet picsented In addition to locating transverse 
fissuies in iails in the tiack, the detector is, of couise, available foi 
the examination of iails of heats which have been lemoved fiom the 
track on suspicion of containing incipient fissuies Fuithennoic the 
detectoi would be seiviceable in the examination ot iails heat tieated 
to ascertain whethei such iails had mtenoi ciacks oriented aftei the 
mannei of tiansveise fissuies 01 contained shimkage ciacks of mag­
nitude 

The Spcny detectoi signalizes the most impoitant step foiwaid— 
in fact, the only one of its kind—dmmg the penod of 16 years since 
this type of iail fiactuie came into pioniincnt notice 

ORIGINS Oi CI R IAIN PUAC1LRT-S I N 1U1IS U N D E R D R O P 1ES1S 

Refeience has been made to the pioper leading oi mtoipietation 
of fiactured suifaces The hist consicleiation which should be given 
fractured matcnnl is to note the location of the ongm ot fracture and 
tiace the dnection in which the line of niptuie piogiessed Ex­
planations which account foi the fiactuie of a iail must be in hai-
mony with the evidence piesented by the fiactuiecl suifaces The 
ease with which fiactmed suifaces may be read should be familiai 
to all whose duties connect them with such occm renccs 

Steel fiactuies usually have then origins defined by easily lecog-
nized nuclei, fiom which emanate ladiant lines The name " star­
ling has been given such appeal ances The extension of a line 
of niptuie along a nanow section of metal is lllustiatcd by a fanlike 
appeal ance 

Steel iails bioken by bending tests oi under the drop commonly 
show tho exact points at which the fiactuies had then ongins 
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Rails stiuck on the head with the falling tup of the drop test aie 
expected to have the ongms of then fiactuies located m some pait 
of the base, and when bioken m leveise dneetion to have then 
ongms m the head Fiactuies do not always ongmate m the most 
1 emote hbeis fiom the neutral axis of the iail In new rails then 
ongms aie seldom in the most 1 emote fibeis 

Slightly decaibuiized suifaces increase the toughness of the out­
side fibeis and lead to fiactuies of mtenor ongms Abiupt changes 
m cioss-section dimensions lead to fiactuies having then origins 
at the fillets of the web, especially in iails of the heavioi sections 
Dog maiks in the web have located incipient points of ruptuie A 
slight chisel nick in a flange will lead to luptuie staitmg fiom the 
nick Dioppmg the wheels of a hand cai and mdentmg a flange 
wrll lead to the same lesult Small holes for bond wnes madveit-
ently drilled m the flange will lead to the fiacturc of the iail A 
change m stiuctuio of the steel accompanied by the intioduction of 
internal stiams such as the biazmg of bond wires at the junction of 
the web and the base will lead to niptuie undei service conditions, 
some of these featuies having been pieviously iefened to 

Figuies Nos 41 and 42 show the locatron of fiactuies of some 
iails which were bioken undei the drop Stars placed on the cuts 
above oi below the ongms of the fiactuies indicate the locations of 
the incipient points of rupture The stalling effects m the heads 
ot two rails aie lllustiated by Figuie No 41, one of which is cccen-
tnc, the othei at the centei of the head Tiansveise fissuies might, 
in the couise of tunc, start at each of such places It would be 
eiioneous, how evci, to designate these as incipient fissuies A silveiy 
ciescent oi silveiy oval identifies a tiansveise fissure The initial 
sepaiation of the metal at a tiansveise fissuie piesonts the same 
appeaiance as the initial point oi sepaiation of a tensile test piece 
A t then penods of inception tensile test pieces and tiansverse fis­
sures aie necessanly alike, each being a tensile fiactuie Shimkage 
ciacks aie also tensile fiactuies 

Figuie No 41 lllustiates stainng effects m the bases of two iails, 
and a poition of the sulfate of a thrrd rarl the fiactuie of which 
originated undei the head One of the base fiactuies was eccentric 
with lefeience to the web, and at the middle of the depth of the 
flange at that place The othei base fiactuie originated at the 
mrddle of the width of the base, at its lowei suiface 

A n o w s indicate the dnections in which the scveial fi actures 
travel seel the cioss sections of the iails The cuts do not cleaily 
show the chaiaeteiistics of the fiactmed suifaces which on the iails 
themselves weie veiy pionounced 
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A F E W N O I E S ON 1EIE FATlRlCA'IION OF STE1 L RAILS 

Cutical comments appeal f iom time to time upon mill piactice 
including both the making of the steel and the 1 oiling of the lails 
The Liend of such comments has been to place the lesponsibility foi 
the display ot tiansveise fissuies upon the steel manufactuiei s The 
extienie vagueness and intangibility of the comments aie obstacles 
to then investigation Rails aie made in shapes m stuct confonmty 
to templates Specifications governing then chemical composition 
aie met The amount which a iail shall contiact in cooling fiom the 
hot saw to atmosphenc tempeiatuie is often piescubed A limit is 
at times placed upon then sti aightness pnoi to gagging Diop 
tests aie made and a final inspection foi suiface These aie tea-
tmes which iail makeis aie called upon to meet I f a lelation is 
established between the chemical composition and pumitice physical 

1 state of the lails and then endurance oi hack conditions such m-
foimation must come fiom the useis of the lails The oppoitumty 
to atqune such infoimation is not at the open health fuinace noi at 
the tiam of lolls of the iail mill 

The making of steel a& w ell known is conducted on a colossal sc ale 
The handling of gieat quantities of law matcnal is an e\eiy-day 
occmience Necessauly the piocess is one which piacticallv must 
be unclei complete contiol Cunent discussions oi open-heaith 
opeiations among steel makeis lcfei to lefinement of details not 
depaituies fiom geneial piactice 

Fiom the oie to the finished iail the diffeient stages of fabucation 
aie conducted with system and legulauty Oie ieduced in blast 
furnaces to pig non is comeveel to a mixei, a leseivon of hot metal 
Foi weeks 01 months hot metal is lnteimittmg chaigcd and with-
cliawn fiom the mixei m its passage fiom tho blast furnaces to the 
open-heaith furnaces 

A t the open-heaith furnaces the mteival of time in making a heat 
of steel may lange fiom 10 to 11 bonis This mteival o i time 
includes tin owing m limestone foi slag-making pmposes, chaigmg 

•* cold steel sciap, chaigmg hot pig non fiom the mixei, furnace 
additions of oie and flomspai , lecaibmi/mg metal, and ferio-
manganese when leadv ioi tapping, fenosilicon being added to the 

( metal when m the ladle 
Quantities handled in making a typical heat wToulcl be something 

like the following Limestone, 28,000 pounds, sciap, 121,000 pounds, 
cold metal, 14,000 pounds, hot metal, 105,000 pounds, lecaibunzmg 
metal, 35,000 pounds 
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The piecision with winch the chemical composition called foi by 
specifications undei which iails aie being furnished and the composi­
tion attained aie given m the example which follows 

Composition c died lor 
Composition attuned 

c AIn P s Si 

0 64 to 0 77 
01 

0 (10 to 1 00 
72 

o oio 
031 0 032 

0 15 
10 

The paiticulai heat to which the above figuies lefei, furnished 
50 ingots, 1*) by 19 inches each It would be fantastic in the mak­
ing of this heat to piedict its lelation to the ultimate display of 
transverse fissuies in the iails into which it would be lolled, oi which 
liaiticulai mgol of the 50 would be pi one to display such a type 
of fiactuie 

In the Ioiling of the ingots ot one heat into rails the speed 
of rolls and ieductions m the seveial passes would not be unlike 
the lolling of othei iails of the same weight I f lail-mill conditions 
exert an influence on the foimation of tiansveise fissures, that in­
fluence should extend to all iails The leduction of an ingot re-
qunes the expenditure oi mechanical woik, the eneigy lequiied m-
cieasing with the speed oi Ieduction Work is done in o\eicom­
ing plastic lesisLance of the hot metal 

In the foiimng passes the mechanical woik would vaiy m dif­
feient parts of the cioss section ot the derivative shapes The 
mechanical woik done on steel at the highei tempciatuies has little 
if any influence on the physical piopeities when cold How­
evei, as atmospheric tempeiatmes aie appioached the mechanical 
woik clone on the steel has a decided influence on lis final piopeities 

Thioughout the passes of the iail mill the head of the iail le-
mams at a highei tempeiatuie than othei paits of its cioss section 
If cold lolling, in the mill sense, pi omotes the foimation of Irans-
veise fissuie, they would be expected in othei parts ot the rail than 
where they aie pievalenf 

Imestimations conducted by the buieau of safety have shown no 
mhoicnt leason foi attaching 1 esponsrbrlty foi the display of tians­
veise fissuies to manufacturing conditions, eitliei in the making of 
the steel oi in the Ioiling of the iails 

R E S U L T S O F A Q U E S T I O N N A I R E S U H M I T 1 E D T O R E P 1 1 E S E N T A 1 I V E S O F L E A D ­

I N G R A I I R O V D S A N D S I E E L M I L L S 

That diffeient points of view have been taken by the lailroads and 
the steel makeis has been patent to all To aid in bunging about a 
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The precision with which the chemical composition called for by 
specifications undei which lails aie being furnished and the composi­
tion attained aie given in the example winch follows 

C omuosition called Ioi 
Composition attained 

c Mn P s Si 

to fl 77 0 t>0 to 1 00 0 Olfl 0 l1) 
Gl 72 031 6 1132 10 

The paiticulai heat to which the above figuies lefei, furnished 
50 ingots, 19 by 19 inches each It would be fantastic in the mak­
ing of this heat to pi edict its lelation to the ultimate display of 
tiansveise fissuies in the lails into which it would be ioiled, oi which 
paiticulai ingot of the 50 would be pi one to display such a type 
of fiactuie 

In the lollmg of the ingots of one heat into lails the speed 
of lolls ancl leductions in the seveial passes would not be unlike 
the lolling of othei lails of the same weight If lail-mill conditions 
exeit an influence on the foimation of tiansveise fissuies, that in­
fluence should extend to all lails The leduction of an ingot le-
qunes the expendituie of mechanical woik, the eneigy reqmied in 
cieasing with the speed of leduction Woik is done in oveicom-
mg plastic lesistanee of the hot metal 

In the foiming passes the mechanical woik would vaiy in dif­
feient paits ot the cioss section of the denvative shapes The 
mechanical woik done on steel at the highei tempeiatuies has little 
if any influence on tlie physical piopeities when cold How-
eiei, as atmospheiic tempeiatuies aie appioached the mechanical 
work done on the steel has a decided influence on its final piopeities 

Thioughout the passes of the iail mill tlie head of the iail 1 0 -
mams at a highei tempeiatuie than othei paits of its cioss section 
I f cold lollmg, in the null sense, piomotes the foimation of tians­
veise fissuie, they would be expected in othei paits of the iail than 
wdieie they aie pievalenl 

Investigations conducted by the bmeaii of safety have shown no 
mhciont leason foi attaching lesponsibilty foi the display of tians­
veise fissuies to manufacturing conditions, eithei in the making of 
the steel oi m the Iol lmg of the lails 

RESULTS OF A QUESTIONNAIRE SUHMITIED TO Rl PRESENTAIIVFS OF LEAD­

I N G RAI1 ROADS A N D STEEL MILLS 

That diffeient points of view ha\e been taken by the lailioads and 
the steel makeis has been patent to all To aid m bunging about a 
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bcttei undei standing between steel makeis and the useis of iails and 
establish upon what featuies they weie m a state of mutual accoid, 
and by elimination asceitain upon what points difteiences of opin­
ions attached, a questionnaiie was picpaied and piesented to lepie-
sentatives of leading lailioads and steel mills Replies theieto weie 
tabulated and biought befoie these lepiesentatives at meetings pai-
ticipated in by them togcthei with the buieau of safety 

The questionnaiie took up maLteis of fact, in a geneial statement 
of tiansveise fissuies, leteiences weie made to maniifactunng con­
ditions from the ingot to the last pass of the iail mill, piesentmg 
the subject of gaging, acceptance tests, chop tests, the effects of aging 
on the physical piopeities of iails, tiack conditions and then effects 
on iails, on the lclations of manufacturing details to the foimation 
of tiansveise hssuies, concerning an item in the piogiam of the 
Amencan Railway Engineenng Association of 1924 (having ictei-
ence to peimissible wheel loads) , caibon steel iails of highei man­
ganese content, niteiiogatoiies having lefeience to a 90-pound iail 
in which a laige numbei ot tiansveise fissuies weie displayed and m 
conclusion a count in the questionnaiie wdnch lead " Have you iden­
tified any maniifactunng condition (omitting consideiation of sliat­
teied zones) which you legaid lesponsible foi the display of 
tiansveise fissuiesa " 

Beneficial effects seemed to lesult fiom the piesentation of tho 
questionnaiie Definite questions biought out definite lepbes le-
vealing the fact that upon many featuies, those which weie most 
essential, no piactical diffeiences m points of view leally existed 
ft was concinied in that no ioieign inclusions of any kind weie at 
the nuclei of tiansveise fissuies, fuithoimoie that the miciostiuc-
tuie of the steel at and in the vicinity of a tiansveise fissuie did 
not display any pcculianty not found m othei paits of the steel 
It necessanly followed that theie was no inanufactuimg condition 
to be identified wheic neithei anv, toieign inclusion, abnoimahty 
in stiuctuie, 0 1 chemical composition was to be found, hence the 
icplics to that count of the questionnaiie weie negative 

It is, of conise, well k n o w n that steels in geneial aie stieaked 
in some clegiee and that the stieaks exoit an unfavorable influence 
on some types ot fiactuie Slag inclusions, 0 1 moie piopeily, sili­
cates aie piesent in acicular lines which constitute lines of stiuc-
tuial weakness Such lines lead to split heads When the split 
head fiactuie is veitical it does not seem to influence a tiansveise 
hssuie When the split head is hon/ontal it may lead to a com­
pound tiansveise fissuie 
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The suiface^ of the tiansveise fissuie fiist shown h,id lo=t then 
silveiy lustei and weie daikened, indicating that it had leached the 
surface of the head of the iail pnoi to the time of the accident In 
othei deiaihnents of this kind the tiansveise fissuies had leached 
a conesponding *tage in then development Stuctly speaking theie 
was a possibility foi tlie detection of the fissuie and tho accident 
being aveited, but not a piobability of domg so The engine of the 
dei ailed tiam doubtless completed the fiactuie of this iail, although 
this tiansveise fissuie had leached the suiface of the head befoie 
this tiam enteied upon it how much eaihei can not be said 

The late o l giovvth of a tiansveise fissuie is a mattei of extreme 
niipoitancc to acquue mfoimatron upon, but obviouslv can not be 
told fiom sin face msjiection Foi a penod of lti yeais—that is, 
since a tiansveise fissuie was lecogm/cd and described as a distinct 
type of iail fiactuie—mfoimation upon its late of growth has not 
been at hand Oppoitunity 0 1 means for acquiimg such mfoimation 
appeals to have been piesented some thiee 0 1 foul yeais ago but 
unavailed of, lefeience is now being made to the Speny tiansveise 
fissuie detectoi 

The detection of tiansveise fissuies m 1 ails m the tiack and meas-
me of then relative sr/es seems to be accomplished in the device 
above mentioned This accomplishment composes one of the most 
rmportant featmes connected with the display ot tiansveise fissures 
It is desirable to asceitam what degiee of seventy in seivice condi­
tions lead to the foi matron of this type of fiactuie Tiansveise 
fissuies prevail in some localities, they aie unknown in otheis In 
locations wheie they prevail the iclation of definite seivice conditions 
to their display has been shown 

On some loads then chstilbution rs quite geneial On otheis they 
aie segiegated within naiiow limits, appaiently influenced by local 
conditions 

In lespect to then av oidance 01 overcoming the fonnation of tians­
veise fissuies the outlook is not piomising In fact, no cncouiage-
ment whatsoevei rs piesented Intense study has not vet detected 

J anv specific cause foi then pievalence in one heat of lails ovei 
anofhei of similai composition, noi why from a metalluigical point 
of v lew one iail should display a tiansvei se fissuie aftei a v eiy bnef 

t mteival of tune in the tiack and anothei endine foi a long penod 
It is logical to assume that jihenomena of this kind depend upon 
something else than a consideiation of the initial physical piopeities 
of the lails themselves 'J he factois to be given consideiation aie the 
stiams and stiesses to winch the lails aie exposed It pi oof attaches 
tlie causes of fiactuie to conditions of seivice, no othei consideiation 
is necessaiy to explain the leason ioi the prevalence of iiactuied lails 
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HEFEATI1 D ALTERNATE STRESS! S 

In legulatmg the loads which aie put upon metals the lesults of 
laboiatoiy tests on lepeated alternate stiesses furnish useful mfoi-
mation The basic featme in all engineenng practice lefeis to 
the mattei of ultimate endmance of the materials employed It is 
believed theie is a limit in the ability of steels to enduie stiesses, 
a stiess of a ceitam magnitude below which the metal possesses un­
limited endmance In lepeated alternate stress tests the bne of 
denialkatioii between limited and unlimited endmance of stiesses in 
steels is seemingly well defined 

Illustiating this featuie, using the lesults of tests on a steel of 
0 82 caibon content, the tensile test of which gave an clastic limit ot 
64,000 pounds pei square inch, tensile stiength, 142,800 pounds pei 
squaie inch, elongation 7 pei cent, contiaction of aiea 11 8 pei cent, 
the lelative ability to enchuo stiesses of drfleient magnitudes weie 
as follows 

Undei lepeated alternate stiesses of 00,000 pounds pei squaie inch, 
let an oidinate of 1 inch graphically represent the endmance of the 
metal At 45,000 pounds pei squaie inch the oidinate iepic«entmg its 
endmance would then be 16 inches in height With a fmthei 1 educ­
tion of stiess of 5,000 pounds £>ci sqmie inch, the oidinate at 40,000 
pounds pei square inch would have a height of 452 feet, and the 
latter without reaching final luptuie of the metal 

Coiiespondmg lesults would no doubt be displayed by steel m 
whatever positions if may be used Steel iails have then defining 
stiesses below which they would display unlimited enduiance, but 
such loads on wheels would be so low as to pieclude then con-
sideiation It should be definitely impiessed on the minds ot all 
that track conditions impose oveistiammg ioices The iail pioblem 
is to find the steel which will endme oveistiammg forces of longest 
duratron without niptuie Answeis to this question must come fiom 
the tiack 

GONCl TIDING REMARKS 

In this lepoit cncumstances have been described lelating to the 
accident which is its main subject The accident was caused by a 
tiansveise hssuie in one ot the rails of the tiack In the repoits of 
this bmeau othei accidents have been desenbed wduch lesulted fiom 
tiansveise fissuies On the piesent occasion theie wras no essential 
diffeicnce in respect to the fiactuie of this iail o\ei otheis which 
have taken place The piesent accident was chaiacten/ed by leason 
of the laige loss oi life and peisonal mjunes which it caused 
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aie most difficult to explain The difficulties aie enhanced by the 
absence of exact knowledge of what stiesses aie undei consideiation 

Reliable tiack lecoids yield the most piomising data m the final 
summation of the enduiance of lads Recognition of what con­
stitutes the most desirable chemical composition m l ail steel must 
come fiom tiack lecoids In penshable matcnal gieatest value will 
attach to those means 01 the device which will give the eailiest warn­
ing of impending dangei 

At piesent theie is no lemedy known foi the pievention of tians­
verse fissuies, cunent tiack conditions being considered It seems, 
hovvcv ei, that the. mattei of then detection has been solved, constitut­
ing 1 lie gieatest accomplishment yet heiaided 

SUGGESTIONS 

A icpoit of this kind would haidly be complete without appending 
some suggestions or lecommendations intended to impiove piesent 
conditions A few featuies will be enumeiated which have a dnect 
relation to the serviceability of rails, while lefeience will also be 
made to some physical phenomena which might piopeily be made the 
objects of advance study 

Remaiks will be liitioduced undei thiee geneial headings 
1 Steel making and the fabrication of steel rails 
2 Railioads oi the u^eis of steel lails 
3 Reseaich piobloms 

1 Steel iails* would be impioved against the display of ceitam 
common types oi fiactuie by the elimination of both internal and 
external seaminess Internal stieaks or Beammess in the head and 
external seaminess at the lower suiface of the base aie two cntical 
paits m the cioss section of a rail Impiovements at these two 
places would piolong the lives of ceitain iails 

Genencally split heads and base fiactincs belong to the same type 
of rupture Each lesults fiom the influence of a lateial force and 
each has its ongin at a longitudinal seam oi stieak 

Impinging wheel piessmes set up simultaneous stiams in two 
dncctions in the top of the head One component tends to foi in 
tiansverse fissuies, the othei to foim split heads 

When lateial flow of the metal o i the head encounteis a slag oi 
silicate stieak oppoitumty is piesented foi the foimation of a split-
head 

In the metal of the base ciosswise seivice stiesses in the flanges 
lead to longitudinal fiactuies which oiigmate at seams oi laps 

After the same fashion that longitudinal ciacks in the base aie 
chveitcd and foim ciescent-shaped iiagments, honzontal split heads 
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It may bo said that piacticaHy all of the ordinary conditions of soiv-
ICC expose iails to destiuctive influences This membei in the tiack 
stiuctuic is habitually called upon to resist destiuctive foices I f 
all paits of the cioss section of a iail weie exposed to the maximum 
strains which some paits aie, theie could be no such a thing as tiack 
stiuctuies as we now have them The possibility of maintaining a 
tiack lehes upon the lemfoicement o l the oveisti ained poitions of 
the i ails by the undei sti amed paits 

Two pnncipal features aie piesented in the tiack-stiucture prob­
lem, one is to find the steel which has the gieatest endurance to tiack 
stresses, the othei is the detection of incipient fiactuies, whether 
they aie tiansveise fissuies 0 1 othei types of fiactuie The ie\iew 
of the physical piopeities of steels intioducecl m the piesent lepoit 
togethei with the descuption of those inherent to all steels enuniei-
ates featuies which aie of common obseivation PiacticaHy all the 
vicissitudes to which steels aie exposed aie encounteiecl m come L 
dogiee by iails m seivice Foi the most pait they aie featuies 
which manufactuiing conditions do not deal with 

Specifications governing the acceptance of iails peifoice can not 
prescribe against the effects of destructive foices They can only 
call for ceitam primitive piopeities in the finished iails I f seivice 
stiesses aie confined well within the pnmitive physical piopeities 
prolonged endurance will be realized Since seivice stiesses of iails 
do commonly tianscend those cntical limits piolonged endurance 
can not be expected 

In answ ei to the question wdiat causes tiansveise fissuies, the 
reply is a bnef one They aie caused by the introduction of internal 
stiams m tho head of the rail set up by the action of the wheel pres-
sure on the miming suiface of the head The internal stiams 
chiectly introduced aie stiains of compiession To lesist these 
strains of compiession the nietal next below is put into a state of 
tension Tiansveise fissuies aio foimed in that zone oi metal which 
is put into a state of tension These woids vntually lepeat the 
explanation which was given in the lepoit of the commission on the 
Manchestei accident on the Lehigh Valley llarhoad of August 25, j 
1911 

To the queiy, wdiy do some iails display tiansveise fissuies while 
otheis do not, oi have not, the geneial leply is equally bnef Hails 
diffei in then ability to enchiie stiesses If the icason is not shown 
in then physical piopeities oi stiuctuial state, it is piesumptive evi­
dence they have been exposed to diffeient ordeis of treatment The 
physical piopeities of steel aie not inconstant oi capncious, but 
questions of dm ability undei vai ymg stiesses are among those which 
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aio diveited fiom then courses and foim compound tiansveise 
fissures Veitical split-head fiactures lead to the sepaiation of the 
head from the web 

These two causes of iail fiactuies, internal and external seaminess 
furnish pioblems foi the steel mills to ovei come 0 1 minimize 

Shrinkage ciacks, m the heads and bases of iails, when and undei 
•what conditions they leach a maximum and ruptuie ensues, essen­
tially constitute a leseaich pioblem 

2 The laihoads occupy a favoiable position to acquire data upon 
the longevity of iails in lespect to the display of tiansveise fissuies 
Material is at hand for companng the piopeities of iails which have 
displayed tiansverse fissures at widely cliffciing ages The pioblem 
is to asceitam whethei any physical, stiuctuial, 0 1 chemical factoi is 1 

responsible foi tlie \anable behavioi of rails in the tiack or whethei 
diffeiences in longevity aie due to undefined tiack stiesses 

3 lleseaich pioblems specifically lefening to steel iails, oi in fact T 
to steels in geneial, aie somewhat numeious Basically, steel can be 
used foi iails, because it is capable of acquinng and letaining internal 
strains They aie necessanly both of tension and compiession Of 
wdiat does this common piopeity consist' Can the piesence of a 
stiam, positive oi negative, be lecogm/ed in any othei mannei than 
by pei nutting ite lelease* 

Exhaustion ol toughness may be leached with oi without distoition 
of the giams By what means can exhaustion of the ability to pei-
manently elongate be lecogmzed without subjecting the steel to its 
limit of ultimate lesistance' 

When changes in density occui, what aie the inteiielations of the 
micr oconstituents2 These and kinched queues piesent themselves in 
studying tlie mutual lelations, causes and effects, of wheels and iails 
Infoimation upon these basic featuies would be a contilbution to the 
physics of steels in whateiei situation this impoitant metal is used 

Respectfully submitted 
J A M E S E HOWARD, Engineer Phymoist 
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