INTERSTATE COMMERCE COMMISSION

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, 1925*

Juxt 16 1927

Yo the Commission

On October 27, 1925 (here was a derarlment ot a passenger tram
on the St Lows-8San Ifrancisco Railway nem Vietoria, Miss, which
1esilted in the death of 20 passengers and L employee of the rail-
road and the injuiy of 117 passengers, 8 Pullman employees, 3 mail
cletks, and 2 emplovecs of the 1alioad  The mvestigation of this
accident was made m conjunclion with a 1epiresentative ot the
Mississippr Rathoad Comnussion

T1OCALION AND MBITIOD OF OPITATION

r

This accadent occrried on the Tupelo subdivision of the southein
duivision, extending between Memplis, Tenn, and Amory, Miss, a
distance of 126 Similes  This was a single-track line over wlieh t1ains
wele operated by tune-table and tiam orders, no bloclk-s1gnal system
bemg i nse  The pomnt of accudent was 1,331 feet south ol the
«tation at Vietonia, apptoaclung tlns pomt fiom the soullr the
tracde was tangent o distance of 2 387 feet with a descending grade
i northbound trams of 1 per cent

The t1ack was lawd with 90-pound 1a1ls 33 feet 1n length, with an
average of 20 treated 1ed-oak ties to the 1ail length, tie plated and
simgle spiked and ballasted with aboul 12 iches of slag  The een-
eral mamntenance of the track was pood At the point of accident
the track was on a fill about L1 feet 1 height, wlile 506 fecl noith
of the point ol aceident there was an erght-panel pile tiestle

The weather was clear at the tmne of the accudent, wlich oceniied
between 633 and 640 a m

TTupaiaiion of tepolt delaved on aecount ol large 1amount of regearch work occisioed
m obfaimng the neecssary dala
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2 IN'TERSTATE COMMLRCH COMMISSION
DESCRIITION

Northbound passengel tiam No 108 consisted of 1 1efiigerator
expless cal, 1 combmation mail and baggage car, | baggage cai,
¢ coaches, and 7 Pullman sleepmng cars, hauled by engine 1060,
and was 1 chaige of Conducton Ryan and Engineman ITeriing
The fifth car was of wooden constiuction, the fiist, second, thud, and
tenth cais were of steel-underframe construction, and the othes
were of all-steel constinction  This tian left Holly Spiings, 124
mules south of Vietoria, at 620 a m, five minutes late and was
approaching Victoria when 1t was derailed while tiasehng at a
speed estimated to have been between 40 and 30 miles pet howm

The engine and tender were not derailed, but broke away from the
cars and fimally weie brought to a stop at a pomnt 2,118 feet noith
of the mitial pont of accident  The fust 10 cars and the toiwaid
tiuelk of the eleventh car were derailed, all the derailed equipment
going to the lett of the tiack The fist car passed over the tiestle
and came to 1est on its lefi, side abaut 7353 feet noith of the muitial
pomt ol accudent, and the next two cais were bottom up opposite
the trestle  The fourth and fifth cais came to rest on then 11ght
sides, with the siath car on its left side, while the nest towr cais
remaimed neaily upiight, leamng towaid the Ieft  The employee
lalled was the conductor

SUMMARY OF EVIDENCE

Engineman Ilernimmg estimated that his tramm was approachmg
Victoria at a speed of 45 o1 50 nules per hom when he felt the an
biakes apply as 11 & hose had paited Ile had not neticed any jar
wlich might have resnlted fiom passing over a bioken 1a1l and he
sard that he did not male any investipation for the pmipose of
ascertamming the cause of the aceident The statements of Frieman
Young biought out nothing additional of impoirtance Flagman
Fleming went back to piotect his tramn and he also stated that he
did not make any investigation mnto the cau<e of the aceident

The engine and tiain aews of noithbound extia 4012, the last
train to pass over this section of tiack prion (o the occurience of
the acadent, said that at that tuime they did not notice anything
wirong with the track

Iixamination of the tiaclk developed the {fact that ihe fivst maik of
derallment was at the pomt where a 1a11 had broken on the left o
west siude of the tiack  The mmtial fiactuie was located 13 feet 8%
mnches from the 1eceiving end of the 1a1l and the swifaces of the
fracture showed the presence of a well-defined transvei<e fissme on
the gauge side of the head of the raill  This fracture al one pomnt
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extended to within one thitty-<econd of an inch of the surface of the
rail, and its appearance mdicated that an had reached it, the metal
having heen oxidized, noith of this mmtial fiactwe the rail was
broken into several pieces The exammation of the tiack did not
mclicate that theie was anything else wiong with it, not swas theie
any evidence of diagemg equipment, wlule careful exanunation ot
the engine failed to disclose anything wrong The coupler had
pulled out of the head end of the fiist car  Engimeman Heiling
cald this coupler was lying on the tiack nea the swilch opposite
wheie the fist car came Lo 1est, and 1t 15 not considered that the
pulling out of thus couplet had anything to do with the accident

This acuident was caused by a broken rail) the exannnation of
which was made by Mr James E Howard, engineer-physicist, whose
1eport follows It was the most setlous one due to a liansveise
fissure which has occutied since the aceident at Manchester, N Y,
ot the Lelugh Valley Railhioad on August 25, 1911, when this Lype
of fractuwie was fust biought to general notice m a 1eport of the
Interstate Commerce Comniission

A tiansverse fissmie 15 1ecognized as the most dangetous type of
fracture encountered 1in 1ailicad service Tiansverse fissuies are ap-
peating 1n. the tiack m numbers which are very disqueting The
Pliysieal reasons for then display seem explamnable Means for then
prevention under current tiaflic have not been tound

The engimeer -physieist has added to the repomt upon the 1a1l wiich
was the cause of the present aceident 1emaiks upon physical proper-
ties mherent to different steels, in 1eview of the geneiral subject of
transverse fissmwes, eatending the r1emarks to other types ol 1ml
fiactines  The conditions which tend to cause the display aof
transverse flssules are present 1 all 1a1ls  The speafic 1easons
for then orcmience are moie clearly presented in thig compiehensive
Leview

Respeettully, W P Borvaxo, Derectos
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REPORT OF THE ENGINEER-PHYSICIST

The deralment ol passenger train No 108, near Victoria, Miss,
on October 27, 1925, was caused by a bioken ra1l which displayed a
transverse fssiie at 1ts 1mtial pomt of 1aptwie  This dracture was
located L4 feet 834 nches fiom the 1ecenving end of the a1l Fiom
thie pont to the leaving endl the 1a1l was brolen mmto not less that nine
pleces  Ifour additional partiallv developed transverse fissuies welre
displayed by these fragments

The broken 1ail was located on the left <ide of the tiack, with
reference to the direction the tran was tiaveling  The 1als f1om
both sides of the t1ack were torn up fo1 a distance of about 340 fect
Beyond the opemng thus made the tiack was not seriously damaged

The cnenmstances attending the derailment were doubtless as lol-
lowws The mtial {ractwie ot the broken 1a1l probably occuried unde
the wheels of the engine  The tiack shiuctmie 1emamed se1viceable
for a shot tune, allovwing the engine, tence1, and thiee cars of the
fiam to pass over 1t 1 safety  The leaving end of the 1l soon
began to brealk up and was suceessively bioken into shoit fragments
Thiough this opemng the nuddle part of the train was derailed and
the track stiucture then destioyed for a distance of 340 feet

The engine and tender kept on the 1ails, m advance of the de-
stroved section, and came to 1est at o distance of 2,118 feet beyond
the mtial lneak  The last car of the tiam came to 1est hefore it
reached the place occupted by the broken 1a1l  Cars of the forwaid
end of the tian were dvagged over the westerly side of the track
The Hfth <m a dav coach, and the sixth car, a Pullman sleeper,
wete jammed together, cach being badly damaged Fom of the
1ear Pullman sleepeis were patlially overtuined, while two 1emained
uptight on the tiack
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Figme No 115 a plan of the tiack taken fiom a blue puint fiom
the ofhice of the division engineer of the 1aihioad It shows the fust
car of the tiam on 1its side, the second and thud cars bottom side
up, the fourth car on its side, the fifth and siath cars, a day coach
and a Pullman <leeper, jammed together Tom Pullman sleepers,
next m oider, leaned ontward at different angles, while the last
two Pullman sleepers 1emamed 1n upright posrions  The car next
the last one of the traimn spanned the bioken ra1l, 1ts forward tiuck
deratled 1ts rear fr1uck on the 1ails

The 1mls from the west side of the track were bicken o1 detached
tiomn each other  Nme 1a1ls of the cast side of the tiack 1emained
attached to each other thenr gplice bars unbroken  These e 1a1ls
were ploughed off the ties and thhiown fiom the 10adbed out on to
the ghwav paralleling the track They foimed a laige loop which
extended at 165 faithest pont 75 feet from then position m the tiack
They weire bent sidewise some convex on the gauge <rde others con-
cave INgule No 2allustrates the positions occupied by these nine
rails atter the accident  They wete thiown fiom the tiaclk with sucl
lorce and suddenness that the leop was made in the an and fell
alnmost vertically npon the mghway

Fieute No 315 a view of the first Pullman sleeper, the Jitomu,
choning the manner i which the nuddle part of its length ciushed
the 1ea1 end of the day coach

Tigme No 4 shows the deraled Pullman sleepers, Sebago, Red
Giamte Argonne and Jitom, 1especiisely

Figme No 51s a diawing of the 1a1l which lioke and caused the
acaadent Tt werghed 90 pounds pe1 yard, was1olled by the Tennessee
Coal Tron & Raiboad Company an the month of October, 1918, and
was laid in the track i Apiil 1919 It had been tn service, therefore
G yveats and 6 months Tt was manded O H Tennessee & 8 ¢ I8
9040 10 1918 Heat number 17034, mgot letter C

Thete was a transverss fissiue at the fitst hieak mn the 1a1l which
measiied 1 13/16 by 1 7/16 mches  The surfaces weie daikened
mdicating the ficcute had 1eached the periphery of the head and an
had been admitled prior to the aceident

Fo1 convenience of 1eference the frapments of tlus 121l are desig-
nated by letiers ot the alphabet The fist bieak was betnween frag-
ments A and BB which displayed the transveise hsswie above de-
scitbed  Fow additional transverse fissutes weie displayed at the
tune of the acerdent, the posttions of which aire indicaled by Fipure
No 5  IGach of these showed biight smfaces with a «ilvery luster
None ot these fowr had 1eached the suiface ot the head priov to the
acaident  Subsequently a hammer fest of fragment A revealed two
moice transvelse fissules, maling mn all seven 1 this rail
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Frgure No 6 1llustrates the appealance of the opposite faces of the
tiansveise fissute at the first hicak in the 1ail  The section on the
lett of the cut 1epresents the leaving end of fiagment A, the section
on the 11ght, the 1ecenving end of fragment B This tiansvelse fis-
sme covered more than one-lhalt the coss section of the atea of the
head The nucleus of the fissure was located on the gauge side of the
head, not quite half way dowin 1ts depth

Figme No T shows the appearance ol one of the additonal tians-
velse fissures found m fiagment A under the hammer test Tts
bright silvery luster will be noted, a characteristic featuie of tians-
voise hesutes befoie ann 16 admutied to them  Its nmucleus 15 on the
pauge side of the head, in common with all others of this 1ail

The manner ot conducting the hamaner lests was to place the rail,
Lead down, on suppots at the edges of the anvil and stitke the 1a1l
on the base mudway the suppoits, repeating the blows at shoti mter-
vals along its length  Contimung the hammer tests, other 1ails were
examined which came fiom the destioved section of the tiack
LEleven 1ails weie lested, five of which had the same heat numbe
as the a1l wiich fist broke but different mgot letters  Six had
diflerent heal numbers but weie of the same year’s 1olling, thatl 1s,
1918 Two shorl preces of curve woin 1a1ls wele mclicded m thay
examination which weie not wmvolved in the detailment  They had
been used 1 1eraihing the cais

One ot the objects of the hannmer lests was to ascertan the condi-
tion of rails mn the vicmity of the aceident, whether tiansieise fis-
ses weie generally prevalent i that localily  One other 121, be-
sicles the 1a1l fust Lo neak, displayed a t1ansvelse fissute 1n the tiack
In this 1a1l thiee additional fissmes were found, which measwed
one-fourth, thice-siateenth and seven-sialeenth 1nch diameters,
1espectively  Thiks 1a1l had the same heat number as the 1a1l which
first brole, but with the ingot letter I None of the other 11k dis-
Played tiansyerse fissures

Two preces of the emrve woin 1a1l weie tested  Five fiactuies weie
made with the fust piece, each biittle tractures and each stailimg at
the coiner of the head, gauge <ade  The second piece was annealed
before testing Its toughness was 1estored, 1esisting the hamme
blows without 1uplwe
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Mall analyses of the leats 1epiesented by these 1a1ls weie as
tollows

TTeal Rolled C An r 3 | S Remarks
17054 __ Oct 30 1918 17 087 0028 | 0035 0105 Rl of tlns heat caused the
aecrdent
76990_ Oct 29 1918 (i} 77 030 029 127
ThO9a_ Ocl. 30 1918 Gty 71l 028 034 105
70997 __ do (i) 80 026 036 120
72569 __ Feh 12 1014 Ga 87 034 037 116 | Curve worh tail
20690 Dec 41810 GY Ta 022 021

Rail of heat number 20690 1epresented a transverse fisstued 1ail,
85 pounds weight, wluch caused a deratlment on the Southein Rail-
way on JAugnst 2, 1925 In this acerdent the engime and tender
passed over the bioken rail sueceesstully, the cars wliuch followed
bewng deratled  The age ot this 1a1l was 14 yeais, 4 months

Check analyses of heat 17054, made 1n the laboratory of the St
Lous-San Francisco Railioad at Spungield, Mo , confiimed the mill
analysis At Springheld chips were taken from 1a1ls ot ingot letters
C and I?, at two places on each, i line longitudimally with the tians-
velse fissmes wluch they displayed, and at coriesponding places on
the opposite side of the head The composition was practically the
same 1n each 1a1l and at each place

P1io1 to talung out chips for chienical analysis, the micio stiuctuie
of1atls 17054 C and F was developed by praie aad etching, the 1e-
sults bemg shown by Figuies Nos 8 and 9 Substantially the same
stiuctwe was displayed by each, with mo peculrar characteristic n
the viemity of the transverse ssmes

Fragment I ol 1a1] 17054 C, Faguie No 5, was used 1n an examina-
tion of the stiuctmal state of the steel ab different depths below the
runnmng sut face of the head The metal was planed off 1 successive
stages and the 1a1] pickled in hot hydiochioiie aad at cach stape
Figuie No 10 a, b, ¢ and d a1e photographie views of the pickled
su1faces at depths ol one-half, five-erohiths; thiee-fourths, and seven-
eighths mch, 1espectively  The smface was clear at a depth ot
onc-half meh A few crosswise cracks appeated at five-cighths-inch
depth  Agam the head was neaily clear at thiee-tour ths-inch depth
At seven-cighths-imnch depth numetous cracks appeaied on the piciled
sutface  The nueler of transverce fissures are seldom located <o {ar
donwn as the surface last piclkled

Pickhing tests were made with fragment C, of Figmie No 5 Ata
depth of one-fourth mch the suiface was clear At thiee-eighths
mch donn two shoit oblique cracks were displayed At increased

54235—27—2
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depths the pickled smtfaces showed pronounced maikings Figwe
No 11, a, b and ¢ show the appearance of the flakky metal encoun-
tered at depths of one-lhalf, five-eighths, and thiee-fowiths nch,
respeclively The stiucture of the 1a1l showed honizontal laminae
It 15 understood, of cowrse, that picklng puts some of the melal
mto solution, and that piolonped eaposure i the bath geatly
cxaggelates the matkings which vepresent the structural state

The head of rail 17054-F was planed off and piclded Figuie No
12 shows 1ts appeatance at a depth of five-eighths inch The chai-
acteristic feature heie 1< the presence of several mapient t1ansverse
hssures and a shattered sone on the gauge <ide ot the head with
the central core nearly fiee fiom these manifestations  Thece mark-
ings ale chiefly outade the zone of Jlumkage cracks, and fiom then
postiion would seem altributable to the action of wheel loads only

Figmie No 13 illustiates the pielded smface of a 130-pound rail
from the Baltinoie & Ohio Railioad, planed off to a depth of thice-
fourths meh Inciplent t1ansverse fissuies me displaved m echelon
fion the gauge <ude of the head m steps toward the muddle of 1ts
width  The shoit longitndinal cracks shown ate beheved to 1epie-
sent aciculal slag stieaks

Figme No 14 allnstrates the presence of an meipient tiansveise
fissute m a 1a11 from another source Tt 1epresents an meipient fis-
sute on the gauge side of the head of a 1053-1b rail, fiom the New
York Cential Railroad Tlis rail displayed a transyelse fissme
n se1vice The head was planed ofl to the depth of ilie nucdeus ot
the adjacent fissue and piekled, showing no shiinkage ciacks A
duplicate specimen also showed cleat metal, that 15, no sone of
shiinkage ciacks

The exanunation of the 1a1l 1esponsible for the present accident
and other 1a1ls fiom the cection of destrioved track displaved no
feature uncommon 1 the tests of other 1a1ls  Two 1a1ls ol the same
heat cisplayed transverse fissmies  Others 1olled the same month
and year and having practically the same chemacal composition
neither showed tiansveise fissures 1 the tracl not in the tests sub-
sequently made m quest of them No 1eason has been established
why fissures nwele displayed 1n some paits ot these 1ails and not
other parts, nor why the 1a1ls on one sade of the track should display
transveise fissures while those on the opposite side were eacmpt from
then formation The problem apparently 1z one of dwability
respect to the endurance of complicated track stresses conceining
which 1ndexical features pertaming 1o prmitive propeifies; or stive-
tural state of the 1a1ls, have not been established by means of which
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the approach of 1uptie may be 1ecogmsed or predicted when 1t
will take place under given conditions ot eaxposule

RFVIIW OF IIIE STUBJECI O TRANSVEFRSF FISSLREFS

This oceasion seems opportune Lo 1eview the geneial subject of
transveise hssumies, 1eferimg to the time when fi1st 1ccognized as a
distinet type ot 1a1l fracture, then early appearance and the in-
creased number of examples which have since been 1epoted, together
with the explanation of then occmirence, and the reason why frae-
tures ol mmterim ongin and development take place n the heads of
1ails

A tiansverse fisoure, as a distinel type of 1a1l fiactme, was fiist
Imought to notice in the 1eport of the Interstate Commerce Commis-
sion on the accident of October 23, 1911 on the Lehigh Valley Rail-
road at Manchester, N Y A fiactine was there displayed m the
head of the 1a1l of mterion origin The metal of the head was
partially separated 1n a vertical plane at ri1ght angles to the axis of
the rail Tt was a lensile fracture, 1in which the metal had vielded
to longitucdhnal forces

As one of interior formation 1t was 1ecopnmized that such a fractme
was caused by the action of some component which had not hitherto
been talken into constderation as a factor 1n the ruptme ol rails
Under bending stiesses, as a beam, the greatest 1ange 1 fiber stiesses
15 found 1n those elements most 1emote from the neutial axis of the
rail, in the extieme fibers at the top or the bottom of the 1al  TIm
the display of transverse fissmes those eatieme fibers 1emain un-
1uptured, while elements exposed to only a fraction of the maximum
bending tange were those which flist 1uptined  The action of an
wmdependent longitudinal force was necessaly to acconnt {o1 this
fractuwe of immteinal inception and mowth Familiaiby with the
cffects of the cold-solling action of wheels 1n setting up internal
stiains of compiesston 1n steel at once pownted to the necessay
component and thus eaplaned the 1aison d'ét1e of a tiansverse
fissure

A zone of metal at the top of the head acquites a state of internal
compression frem the impinging pressures ot the treads of the wheels
on the 1unming s face of the rail  These internal straims of com-
pression ale counteracted and balanced by strains of tension set up
1 the interror of the head Transverse hssutes have thelt o1igins 1n
this inte11ot sone of metal This explanation ot the development and
display of an interior fracture, based upon a law of physics that
fensile fractures must occur m zones exposed to tensile strains, and
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can not pceul 1n zones moa state of compiession, was so seli-evident
and axiomatic (hat no extended 1emaiks were offered 1n the o11ginal
tepoit on this type of fiactuie

Among those fanuliar wilh the tiealient and the womling of
metals the presence of internal stiains and theil possible cilmination
i 1upture me matters of common knonledge Gieat care 13 o1di-
natily exereised that sueh influences do not attain destinetive lumits
Outside of such enecles a limated degrec of attention has been given
this nnpoitant bianch ot the physies ol steel

The early reception of the announcement of a tiansveirse fissiue, a
tractuwre formimg within the head of a rail; was onc of doubt o1
denial Several years elapeed after the publhication ot the 1epoit on
the Manchester accrdent before general and serious attention was
grien this type of fiactine  So vague were the nnpiessions enten-
tamed by some cenginecis that a large number of new 1ails were
broken m quest of transverse hosures, with, of course, negative 1esults
The tiansverse fissmes chsplayed 1 the Manchester accident each
coveled a large pait of the crogs <ection of the head ot the 1ail,
which cocnmstances themselves would indicate the tutihity of a
search ditecled upon new 1ails  Following these immediate efforts
unestigatine worlkk was not actively puisued for a time  Many con-
jectral explanations, however, were offered m the eaily days of
f1ansverse fissuies, some 1emotely bearing wpon the sulbject  T6 18
Lelieved these have been gencially abandoned by their proponents

Classified repoits ol 141l finctures for a lew vears succeeding the
Manchester aceident did not speafy tiansverse fissuted rails as a
hstinet group  Some 1atls escape proper cdassification even at the
pesent time A oaeport of the commission 1in 1923 on the prevalence
of tiansverse fissuees on 17 1a1ilioads showed the location by mule
posts of over 8,000 hssured 1atls  The nminber of known tiransveise
fissimes at the present time excceds 22,000, repiresenting several
thonsand leats of steel

Transverse fissures appear m 1ails of different chemical composi-
tion, with tendency gicatest in the haidest stecls High-carbon
steels have displayed them i laige numbers They appeared n
(luome-nickel steel 1ails prior to the Manchester accdent  They
are found 1 1a1ls from all paits of the mmgot  On some 10ads they
predominate 1n 1ails from the upper part of the mgot, on other 1a1l-
roads chiefly f1om the upper and lower parts  Agan, they have
appeaied m the D 1ails m gieatest numbeis up to the age of fow
years, after which the B rails equalled in numbers the D 1auls

1 Bulletin of fhe Amewcan Rmlway I'mgmeering Association Much 1927  oates that
22400 tiangveise hssuied tarls have been 1eported up to January 31 1926 and ihat they
ue ocenlmg At approxim ttely 4 000 pel vea
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They are found mn rails of different weights per yaid They have
not been 1epoited m very hght weight rails, undoubtedly due to
muld tracle eonditions The heaviest 1auls now 1n use, up to 136
pounds weight per yaid, ate not immune from then foimation

The display of transverse fissuies 13 not conhned to any one sec-
tion of the countty They are most pevalent, Lowever, 1 teriitory
whete tiaffic 1s heaviest  The nfluence of density of trafhe 15 clearly
shown on double track 1oad  Rails which car1y the grealesl tonnage
display the most hssuies Low rails of curves commonly display
mote transverse fissures than high 1ails  In 1egard to the rals
themselves, hsswies predominate on the gauge sule of the head
There 15 1eason for believing that speeds of trains have an nfluence,
Tngh speeds accelerating then development

The time 1cquited tor then display vaiies fiom a few months to
a teim of years  The interval of time m the track fiom 3 to 15 years
embiaces the majoiity of the fiactuies The extieme 1ange 15 fiom
a tew months to 30 veais I3essemer 1ails chance to be among the
oldest ITard sleels censity ol traflic, and wheel loads are factors
the mfluences of whicl are paramount in the development ot tians-
verse flssties

The weight of the 1a1l, o1 specrhically the <ize of 1ts head withmn
himits does not exeit a substantial influence 1 the 1elations ot the
internal stians set up theremn  The volume of metal distuibed by
the wheel loads 15 regarded a vital factor m 1elation to the develop-
ment of L1ansverse fissmes 1t 1s not altogether the itensity of the
mmpinging pressites 1m a stiiet statement ol the case, but the pro-
gressive change of intenwity of pressmie trom center of effort to wn-
cumference that exerts a modilying effect on the physieal properties
ol the steel Tollowing the laws which govein in cases of cubie
compiession 1t 15 the progiessive difference m pressiue on cirewrm-
ambient paiticles of the oteel that aflects theu properties, 1ather than
the total pressures on each  The dimensions ol the heads of rails,
however, do nol bimg 1nto consideration thig ultimate phase of the
problem A« the matter stands the intensity ol the impinging pres-
sures between the tiead of the wheel and the running s face of the
1a1l and the volume of metal disturbed, the latter depending upon
the magmtude of the wheel loads, constitute the lactors wluch mtio-
duce mternal stiams that cavse ot tend to cause the formation of
transverse fisses This 1s 4 general statement of the case and one
wlich attaches to the conditions ol all 1a1ls

No mystery suttounds the formation of a transveise fissure, now
has theie been one at any time  The explanation 1s simple  There
15 an eateliol stiam ot compiession an interlor stiam of tension
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The metal 15 finctured by tension  Ruptule i possible only by
tension o1 shean

Another question, however, was at once mjected 1nto this matter,
a cistmet one, having no relation what<oever as lo why the o11gm
ot the tracte was located 1 any definite place, mtelior o1 exlerion
Tt had to do only wilh the matter of endurance, why one steel if-
fered {1om another i ils alnlitv to 1esist tracke o other stiesses
That question 1s now uppeimost and whether the maigin in stiength
and endwance has not been 1educed 1n some cases Lo a harlow mai-
gin, m othets obliterated

A perfectly legilimate guestion 1s 1a15ed m 1espect to enduiance
which all would hike to know about By concmience of opimion
enpinecting prachee has established <tandaids of stiesses to which
mmportant <linetnral membels may be exposed o1 notl exceeded The
stresses 1 tensile menbers are 1estiicted to certain values, in pounds
per squate weh of sectional area  Lakewise compression members
are restiicted to eertamn nnii stesses; mocified m long columns ac-
cordling to 1atio ot slendeiness  Coming neater Lo 1ailioad engin-
eoring, the manufactizers of ball and ioller bearmgy estabhish
definite lunits to the loads on 1oller paths Il has not come to notice
that any 1estrictions have been miposed, o1 even advocated, upon Lhe
loads which shall be concentiated on the head ot a 1ail  Ilowever,
this matter was refetied to but not acted upon m an item ot the
Amerrean Railwav Engmeermg Assoclation m 1its pogiam fo
1924 which1ead “The determimation of the maximum peimissible
wheel loads mposed by the passage of wheels of vaiions diameters”

Theie 15 no 1eal occaston to appear astonished o1 awe stiicken
ovel the thousands ol 1a1ls which are displaying tiansverse hesuies
in the tiacks  The development of intenior fractures 15 entnely
consistent with om knowledge of the shiams which ate set up mn the
mterior of the heads of 1a1ls by action of wheel loads on then sui-
faces  The 1a1ls a1e obeying a physical law by wluch all members
which sustain loads, cartled upon wheels, ate governed

Descriptive 1emaiks will {ollow upon influences to which 1ails
are exposed 1 fabrication and 1n uwse  Special lests ale neces-
sarv to llusliate the action of certamn forces which affect 1a1ls 1elat-
g Lo changes which ocan within imats too narrow Lo adput of
study 1 the 1a1ls themselves

COOLING SIRAINS OF EABRICAIION

Cooling <tiamns are <et up 1 all 1a1ls  They are set up 1n all
cast, forged, and 1olled shapes, the magmtude of which depends
upon the 1ate of cooling The moie rapid the 1ate of cooling, the
mote mtense the nteinal straing, culnunating in spontancous 1up-
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tme m cases of sudden quenching  Relief fiom cooling straing 1s
attaimed by slow cooling fiom elevated temperatmies Mass and
shape have an mfluence on the rate of cooling and, therefore, upon
the magmtude and disposition ot the acquned mteirnal strains

The cooling strains mm 1a1ls have been measmed on many ocea-
sions  This 15 done by establishing pauge Iengths on ceitain ele-
ments along the length of the intact 1a1l; then detach the stiips
on which they are located, and remeasuiing then lengths after they
have been detached  An mutial state of compiession 15 shown by
expansion 1n lenpth of the stiip, tension by its contiaction 1n
length  The stiams thus measuied are converted to equuvalent
stiesses by 1elerence to the modulus of elastiaty ot the metal taken
in round numbers for steel at 30,000,000 pounds per square mch
On a gauged lenath of 10 1nches each increment or deciement m
length of a ten-thousandth of an inch therefore 1epresents a stiess of
300 pounds per square inch of compression o1 tension, 1cspectively

Frgure No 15 allustiates the places along the length of the 1a1]
where stiains of compiession o1 ilension are lound atfter moimal
conditions of cooling, also zones where shiinlage cracks ocem
Cooling stramns aie gieatest at the edges of the flanges, least m the
melal of the head Thin flanges acquuie lngher cooling stiams than
thick ones The head cools more slowly, on account of its mass,
and acquures striams of less magnitude Rails of the heavier sections
commonly show modetate cooling strains i the head

Rails emeige Diom the last pass of the 1a1l mill at different tem-
peratures 1n different paits of then ciross seetion  They are cambered
to compensate fo1 this difference in temperatine hetween the head
and the hase of the 1a1l] talen as a whole  No compensation of this
Iand 15 possible 101 the difference mn temperatwe between the flanges
of the base and the thicker metal at the junction of the web and the
base, nov fo1 local stiains at the fillets of the web  Neither can there
be any mechanical adjustment for strams hetween the peripheial
and the interior metal ot the cross section at any pait of the 1l
So-called Dbalanced wections have hittle to commend themselies in
this 1espect

A 1a1l 15 certain to have stiains, internal and external, lengthwise
and erogewise, m 1ts primitive stale from the 121! mull A< a whole
the 1a1l has a definite neutral axis from whence 1ts section modnlus
15 detived Tt also has a numbel of neutial axes with reference to
s cooling stiamns

Placed within the outlmes of the 1a1l as shown by Figuie No 13,
atc stars mdicating the location of zones where chnnkape cracks
occun At some perrod duimg the operation of cooling, mteinal
strams of tension aie set up, which occacionally aie of sufficient
magnitude to cause mterlor cracks in the 1a1l at thewe two zones It
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Lias been found thal these chiinkage cracks do not eatend to the hot
sawed ends ol the 1a1ls  They cease at approaimately the <ame duis-
tance fiom the Lot sawed end as the cdistance m laterally from the
petiphery to the shattered sone  This evidence hiaes the period of
then formation subsequent to the hot sawing operation  The cliai-
acter of the aacks leads to the heliet they form while the central
core 15 ot a fanly high temperature, when the mterior metal has but
httle tensite stiength but 15 1 a plastic state

Shiinkage cracks ale verv mmnte and may escape detection micio-
scopically o1 macioscopically  They contamm no foreign inclusions
They are more reachly detected with the mictoscope on o medium
poliched suitace than on a lughly polished one  Decarbuiizing the
mietal bimge the walls of the cracks promunently mto view  Ihaw
hling otten shows the location of nunute ctacks, the fine chaps fiom
the file becommmg polatized and arvested at the aacks  Pickling m
hot acid enlarges the cracks by puttimg some of the metal into solu-
tion  The lailer method of eaxammnation 1s a convenient one fo
then munedhate detection but destrovs essential ovidence n then
study

Shrinkage cracks are onented 1 different directions, i planes
neimal o1 oblique to the axis of the 11l They smignify the 1ched,
paitial or complete, of the coohng straine of fabiication They
should not he confuzed with longmtudmal streaks and seams of con-
siderable length, which 1epresent acicnlar slag indusions  Slag o1
silicate plobules m (he ingot are diawn out into acicular stieaks m
the finished rail

Shimkage cracks are held by come as essential antecedent condi-
tions tor the 1neeplions ot transverse fissutes  In some cases they
do furnmish the loens, inapient fissutes having been found oviginating
m shattered sones  Other fiansverse fissures have been located
unassociated with shimkage eracks, and =till others m 1ai1ls where
search has 1evealed no shattered metal whatsoesa

This {eature ot <hiinkage cracks, howevet, 15 deserving further
obsetvation and study  Cunmmlatise data on the pevalence of
shrinlkage ctacks i transverse fissmed rails of different ages would
assist 1n formung judgment on then influence, whether an accelerat-
mg o1 a 1ctarding one, and whetlier they concentrate or diffuse the
forces which tend toward the formation of fransveise fissutes
Shiinkage cracks represent the relief of shiinkage stiains by 1eason
of the 1upture of the metal  As such they would scem 1etaiders 1n
the development of tiansverse fissmes  Shaip, 1eentiant angles
steel a1e known to be objectionable, neyveltheless 1t has been shown
that a certamn augmentation i stiength 1s given by adjacent parts n
such cases  Stieswes of the kind heie reteried to do not admit ot
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accwrate defimition  Conclusions as to then effects must be 1eached
by means of scivice records of the behavior of the 1ails 1n o1der to
clarity these obscuie ponts

Shattered zones, similar to those of the head, aie found 1n the
metal at the junction of the web and the base No example of a
transveise fissure has been displayed mn this pait of the 1ail  Meas-
wed track stiesses have shown lhigher tensile sliesses 1 the base
than those of the head, under beam action Ilence 10 follows that
bending stiesses do not appear contiolling factois in the formation
ot transverse fissures  The lower surface of the base, 1esling on a
tie-plate, 15 eaposed to a limited amount of wear, and not infre-
quently eapetiences a hammering effect between rail and tie-plate
But conditions there ate not compaiable to the 1mpulses dnectly
recelved from the wheels on the top of the head  TFractmes cisplayed
in the head and the base are distinctly different and due to different
CANSCS

NORMAT AND ACCRIDRATIED COOLING, ALS(O EFTFECTS OF GaAGGING

Numerical values, stiesses pounds per squate meh, 1epresenting
the cooling stiains of fabrication aie llustrated by figure No 16 for
a r1a1l cooled normally 1n air The stiesses hele given wele plesent
m a 127-pound mechum manganese steel 1411 The manganese con-
tent was 167 eatbon 068 Compression <tiesses ot moderate de-
gree prevalled i the periphery ot the head  Tensile stiesses
not meastited m the cential core of the head, 1equited to balance the
external stiesses, wele necessarlly of moderate degice  Tensile
stresses were displayed at each of the fillete of the web, the nter-
mediate poition of the web bemng n a state ol 1mtial compression
Higher stiesses of compression prevaded 1n the edges of the flanges
than elsewhere

These geneiral 1elations between Lhe cooling stiesses of the head
and flanges of the base are maintamed 1n 1ais normally cooled on
the hot bed Attention has sometimes been called to the local coohng
of the 1a1l wheie 1t 1ests upon the shads of the hot bed Stramn gauge
medsuiements on experimental sections cooled on an 1on platferm
have not shown mmportant modifications atiaching to this feature

An active pertod mn the adjustiments ot mteinal stiams takes place
wlile the 1a1l 15 cooling on the hot bed The cambered 1a1l at first
15 shortest along the buse The head cools, contiacts, and st1aightens
the 1aul  Iufferent parts of the cross section of the rail differ 1n
temperatme, consequently pass over the 1ecalescent periods at dif-
fearent times A continunal change taltes place 1n the magmtude and
relations of the mteinal skiams, some paits being n a state of tension,
other paits in a state of compiession, with neutial axes intervening

5423527 3
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The cooling strains of fabiication may be loweied by 1etarded
coolmg o1 1aised by accelerated coolimg  Cooling mediums, an, o1l
and water, emulsions of o1l and water and biine each have then
peculial nfluence Of thece mediums biine 15 the most eneigetic,
an the least

Theme No 17 illustrates the stiesses m a 100-pound 1a1l of accel-
erated cooling  This 1a1l was cooled by an ar blast, dnected upon
the top of the head It was cooled, from the finishing temperatine
of the 1a1l mll; with an an blast of 10 pounds pressuie of 4 min-
utes dwation  The high values of the initial stresses will be noted,
a maxmum of 29,100 pounds compiession, 11,700 pounds tension
making a total 1ange ot 40,800 pounds per square mch  To halance
these pertpheial stiesses the mteinal sticsses must hayve been coi-
respondingly high A favorable opportumity 1s presented to develop
internal shiinkage cracks by accelerated cooling

Figure No 18 illustiates the stiesces m a 1ail which was pagged
on one flange This was a 100-pound 1ail, a1 cocled 1n the same way

as the 1al last 1llustiated and described Tt will be noted that
internal stiesses 1n the flange which received the gageing blow wese

1eversed 1iom the normal state ol compiession to that of tension
Also that a colresponding 1eversal of stiesses occuried at the fillet
of the web and the base on the side stiuck by the pag Fwmtheimore
that the usnal state of tension along the middle of the widih of
the base was changed (o compression  An abiupt transition 1s
shown by the stiesses 1 the oppostte fillels of the web and base,
15,900 pounds compiession on one <ide agamst 9600 pounds ten-
sion on the other  This made a 1ange of stiesses at the fillets of
25,500 pounds per square mch, while in the opposite flanpes of the
base theie was a 1ange of 30,800 pounds per square inch

Iigmes Nos 19 and 20 represent two 100-pound 1a1ls of accel-
erated rate of cooling, each cooled fiom 1,100° F with an au blast
of 10 to 12 pounds pressure, of 6 muinutes duration  One 1ail was
gagged on the base The 1mlial stiesses of compiession of the hase
wete lowered m values two-thnds  The 1mtial stiesses 1 the sides
of the head were 1eversed {from compiession to a state of tension
Reversal to a state of tension 1n the flanges would no doubt have
been accomplished 1f the gagpmg had been catiied further

The 1nteinal strains sel up mn a beam bent beyond 1ts elastic Limut
enumetaled fiom the concave side to the convex side ale strains ot
tension, complession, tension, and compiession, tespectively To
make these remaiks clearer, a beam bent beyond ity elastic lumt
springs back a certam amount when the load 15 1emoved, until a
state of equilibiium of mterior strains 1s established, whercupon the
metal at the inside of the bend 1s put into tension, at the outside of
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1500 C

3900C

8100T

18 600 C GO00T 19800C

T, 16 —htiesges corlesponding 10 the ¢coling stiams of fabiieation m a
medium manganese Steel 1l Weight of 1all 127 pounds per vard  Man
ganese coutent 167 catlbon 068
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\7100C

29100 6 600 29100
C T C

Mg 17 —Imibial sliesses 4 100 pound 121l cooled v an ail blast
dueeted on the head 10 pounds pressule of 4 mmutes duiation
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22500C

14600 i2 200 {6 200
C C T

I'te 18 —Tmtinl stiresscs m a4 100 pound 1arl 1evcised fiom compression to
tension by the operation of gageing 411 cooled 121l same 13 Tlgure 17
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13800 C

8700 ©900

18 900 {9800
c C

Fra 19 —TImtial stie=ses in a 100 pound 1a1l cooled fLom tempera-
ture of 1100 T Dy an an blast duected on the head, 10 to
12 pounds pressmie of G minutes duration
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9600C

2 100 600
T

6 300 T 6 300
c C
Gagged

Lic 20 —Intanl stresses m o 100 pound 1 ul affer guging on (he
base  Aw cooled rul same s Tiguie 19
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the bend 1nto compiession, the 1everse of the stiams m the metal
contiguous to the neutial axis, the metal imimediately adjacent to the
neutial axis not having been overstiained

Tlus disposition of inteinal strains, together with the changes
the values of the elastic hmits of tension and compression, 1espec-
tively, which occmn 1 overstioined metal, has a bearng on the
imitial state of a 1411 which has been gagped Inleinal stiams are
always 1n a state of equilibiinm, but easily dislocated after cold hend-
mg  Bending stiesses 1n the tiack, which 1eveise those of the gag.
1cadily cause peimanent sets 1 the rail  The elastic limats of ten-
sion and colpiession, espectively, 1n hot worked <teel are commonly
equal, but overstiaming 1 one dnection 1mpans the value ot the
opposite elastic linit The operation of gapging, which to be eflec-
tine must overstimin the metal, therefore 1mpainrs the elastic hints

This teature was ilustiated in laboratory tests of a 100-pound
1a1l  Atter overstiaming im one dilection permnanent sels were de-
veloped by 1eversal of load at one-thnd the fiber stress at which
sets of the same magmtude weie displayed before overstinanmg
The same phenomenon has been 1llustiated 1n the alteinate stiaining
of steel bats by dneet tension and compiession  The total primi-
tive elasiic 1ange 1 stiess of 100,000 pounds per square mech 50 000
pounds each of tension and compression, was not retained aftes
once overstrammg m either dnection  The sum of the tnwo elastic
Iimuits thereafter fell much below the ongimal 1ange of 100,000

This charactenstic featuie has a bearing on the behavior ot steel
rails m two ways Stimghtening by gagging leaves the 141l 1 a
condition susceptible of taking a permanent set m the 1evetse diec-
tion of the gagging, under stiesses below 1ts primitine 1esistance
The mpinging pressures between wheel and 141l tend to lower the
elastic Iinuts of the suiface metal of the 1ail, thereby leading to
greater depth of penetiation of effect  Still another effect 15 noticed
tiom wluch the metal 1ecovers  Overstiammg has been found to
temporanly lower the value of the modulus of elasticity  Still an-
other dlustration, the amount of power, mechanical work; 1equured
to 1otate a shaft oveiloaded lLiansveisely 1s notably gieater at the
stait than after a few rotations have been made Contionted by
these many featwes, 1t 15 hardly tenable to aseribe canses ol fiac-
ture of steel rails in general to undefined mill conditions

SLCCESSIVF ANNEALING O' DETACHED STRIPS FROM A RAIL

Tgue No 21 illustrates the mitial stiesses in a 100-pound 1a1l,
air cooled fiom the finishmg tempeiralute at the rail mull, with an
blast of 0 pounds pressmie of four minutes dwration afier which
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16 500 14.100
c T

e 21 —TImitial stiesses 1 a 100 pound 1 ul ul ¢ooled gapged on a flange
Stop ftom houd ad bise annealcd
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the rail was gagped on the flange designated by the letter ¢ The
flange which dnnectly 1eceived the gagging Dlow was lett 1n a state
of tension, the opposite flange 1 a state of compiession

The detached stiips on which the stiesses wele measmed wele
subsequently annealed The stiips wele suceessively shortened in
length, as shown by the table which follows Measuiemenis wele
made on gatiged lengths of 10 inches each

Anncaling temper afutes

Tinal
Gaugod length ——————————————————————— equnalent

1450° 1450° 1 600° L5000 | Sbiesses
a —0 Olia —0 0129 —0 02065 —0 (Mo 121, 500
b _ — 00N - DB — 0250 — 02099 B9 700
c - - - — 011b — mG7 — 028G — 0344 103 200
e__ — 0082 — 0116 — DIv4 — 0289 Ap 700
b - - - - — 0042 — Q083 — 015§ — 0263 78 4900

All stips weie shoitened as mmdicated by the nunus sipns 1 this
tabular exlubt No fixed 1elation appeaied between the values of
the 1mfial stresses 1n the intact 1a1l and the amounts which the
detached sliips were subsequently shoitened The stiresses 1n one
flange were 1eveised by the operafion of gagging, but this cuireum-
stance did not prevent 1ts following the same cow se as 1ts companion
and the other stups A forging drawn down fiom a bleom was
annealed Measuiements were made on ifferent sides  The shotit-
entng was gi1eatest parallel to the diection 1in which the metal had
been fo1ged

These experiments mdicate changes 1n the density of the steel,
suggestive of many interesting lines ol mquuy Al a very ealy
date 1t was found that hardened steel bars would contiact 1 length
upon exposiie to o modeiate 11se 1 temperature, a few hundied
degrees Iahrenheit Two phenomena wete simultaneously dis-
plaved, dilatation of the steel by reason of 11se 1n temperatuie, ac-
companied simultanecusly by an opposing contiactile movement

The fiemes entered 1n the last column of {he preceding table, under
ithe caption “ Final equivalent sttesses,” indicate values coriespond
g to the maximumn contiaction of each stiwp, stiesses which would
be 1equued to shoiten the strips those several amounts 1f the shoit-
ening was done by commessive forces  Conversion to equivalent
st1esses g1ves a better opportunity to grasp the sigmficance of these
changes 1 dimensions, expressed 1 fractions of an mch, than state-
ments of the stiains taken alone
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MEDIUM MANGANILSE STERL RATL—COOT ING S1RAINS AND ANNRALING OF
STRIPS

A group of thiee ipmes Nos 22, 23, and 24, present results ob-
tained with a medium manganese steel 1a1l of 127 pounds weight pet
yaid, the magancse content being 167, cartbon 068 Figuie No 22
shows the measuied cooling stiams on 12 ganged lengths displayed
when strips fiom the mtact 1a1] were 1emoved The strains ranged
from 00033 to 00063 mch, 1epresenting stresses of 9,900 pounds per
square el tenston to 18,900 pounds compiession

The detached stiips wele (wice annealed 1n lime, on each occasion
at 1,450° I, 1esulting in the contiaction 1n length of each ot the
several sirips  The total contiactions of the detached strips result-
mg from the two annealmgs aie shown by Figme No 23 The
cor1esponding values ol these strains, expressed 1n pounds per square
mch, are shown by IFignre No 24

Again 1t was found that the contiactibilily of the stiips did not
bear a fixed 1elation to the cooling stiams acquired by the 1a1l during
tabircation  Stiips which 1n the mtact rail were undet the oppo-
stte <tramns, of compression o1 tension respectively, when annealed
contiacted amounts apparently nrespective of thenr primitive condi-
tion  With chifferent tendencres m these individual stiips 1t would
seemn ihat some migratory movementis might take place in the
annealmp of an mtact 1211

The cooling stiaing in the flanges of this medrim manganese steel
1a1l were higher than usnally lound m 1a1ls of 1ts weight and thick-
ness of flange  Mimmmum changes duning the piocesces of annealing
took place 1n the lengths ot the flange stuips  These variations in
decriements of length doubtless possess some peculiar significance 1n
the physics of the metal but of what they consist 15 not known

Results deduced from the 1esults shown by Figuies Nos 22 and 23
are given on Figuie No 24 The upper set ot values 1efer to the
stresses which existed in the rail, as noimally cooled 1 arr  The
lower sets of values 1epresent stiesses corlesponding to the measured
decicments of length ot the detached strips after they had been
annealed A laige nuniber of higures placed on a single diagram ale
apt to be bewildering ; but at this time, for comparison of results, 1t
becomes necessarv to present them m juataposition
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+0002

+0063 -0005 +"0059

i 22 —Measurcd stiuns o slups oetaehed Nem medinm mangenese steel
vl 127 pounds weight pay yard  Noimally cosled
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~004%

I ) - d
- 0017 0037 o002
Mg 23 —Changes in lengths of strps detached from ingdium mahganese steel
111 mpure 22 annealed
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600C
12900 T

I500C 3 600C
[6200T 18 900T

|1800T 9900T
6300T 4.800T

o) 300C
I5000T] 8700T

4200T 4200T
[l (00T 8400T

1B 800 C {S500T 17700C
5100T 11 100T 600T

Fie 24 —btresses collespondimg to the strams shown by Iigmies 22 and 23
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ILANGE STRIT SUCCLSSIVELY SHORLINED, THFN SUCCESSIVECLY LENGTH-
FNDED BY ITEATING AND COOLING

Tests were made with a stip detached fiom a flange of a 100-
pound 1ail, lustiating first a successive shortening 1n length after
which 10 was succesavely lengthened, each by heat treatment The
stup was taken fiom a 100-pound 121l cooled noimally 1n the an
Ifipme No 25 illustiates the internal cooling <tresses of fabiication,
measured on thiee elements—at the top ol the head and on each
flange of the base The st11) detached fiom flange ¢ was successively
shoilened by heating followed by slow coolmg, after which it was
successively lengthened by heating follow ed by 1apid cooling

The 1esults of (he test were as follows

Thcatment of strip fiom edge of flunge ¢

[Stip delached fiom mnt et twl4 0 0010 inch 13,500 compression]

, Successiye | Fou alent
Lieatmenl st1m1ns stuesses
Heated to 1450° B and slowls cooled —0 0100 30 000
ITeated rgain to 1400° T and slow 1y coolcd — 120 46 000
Healed to 1600° F and slan ]y cooled — 0198 a9 400
Heated 1o 1800° T and slowly cooled — 0303 90, 900
Trealed 1 cJectiie fmnage md quenched m witer from 485° k -+ 000, 1 500
Hited 1n electiic mnace and gquenched 111 s ater o 580° T -+ 0010 3 000
TTeated 1in eleeidie furn yee and quenched 1o water om 670° F 4 0016 4 BO0
1lenled 1 Jectie furnace and quenched 1n wita fiom 840° b —+ 0030 9 000
Ho ited 1 electiic mnace and quenched 10 waler agan hom 840° F + 0043 9 900
Tleatcd mn electize furn e ind queachod tow ster from 1100° B + G0t 12,100
Heded 1 electrie lmnace and guenched 1n watcr fiom 1300° F + 0225 87, 500
Tleatcd over open fic md quenehed nom 1400° ¢ + 0510 14, 000

Two different phenomensa ae illustiated 1 these tests of shoiten-
mg o1 lengthening the stuip of 1a1l at will by heating and varying
the rate of cooltng A physical change 1esulted from heating and
slow cooling, a mechanical 1esult was 1eached by heating and 1apid
cooling

PHENOMENA COMMON TO DITTFRFNT SILELS

Other featmes will be 1eferred to which have a ielation (o the
conditions of exposure of tails n the tiack, and nfluences of com-
position of the oteel Sieels of different composttion have shown
different coefhaents of expansion, tiaceable to the different amounts
of carhon present  From this it would appear that caibides of iron
have different propeities than ferlite  Low-carbon stecls and pud-
dled 1nons haie a hgher cocfficient of expansion than lugh-cabon
steels and cast nons  The mfluence of the microconstituents 1s thus
believed to be shown Thete ate stmlar differences 1 the speufic
gravities of the low and high carbon steels Low-caibon steels are
the heavier
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| 200 C

Flange G

13 500 11100
C C

T 27—Stups from Aange @ 100 pound 1a1l normally coolud
Iliated stop shottenerd by <low coohn, lengthoned by 1amd
coolimyg
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It was catly shown that cold 10lling dimmished the density of
steels, cold-10lled shafting bemng Lighter than hot 10lled  Similaily,
steel under stiess 15 hghter than when in 1epose, as mdicated by
Poisson’s 1atio  Specific gravity deteinnnations made upon the
tiuncated ogival-shaped ends of tensile speamens have shown loner
values than presented in the ongial hot-1olled bars

The loverng of the value of the modulus of elasticity at higher
tempetatuies, meiease 1n stiength, when cold, impaited to the steel
by ovelstraming at moderately high tempeiatuies, abiity to peima-
nently elongate different amounts, differing several hundied per cent,
accordimg to the method employed, o1 the entire destinction of tlus
ability, difference m 1ate of conductivity ot heat over the tiansnus-
gion of stiains, all of these featuies are encountered 1n some degice
i ihe expertence of 1atls m process of fabrication o1 1n use 1n the
tracle It 1s comparatively easy to cffect the rupture of steel Tt 1s
a difficult matter to 1egulate stiesses, attain a maximum degiee of
cffictency and still 1etain a <afe margin m stiength The featuies
which have been described are those whieh steel rails experlence,
many of them being of common occurience  Reference will now be
made to influences and results dnectly relating to the tiack

INTEENAL STRESSES IN RAILS ACQUIRED IN THE IRAWIT

Figme No 26 illustiates the stiesses which were present m a 90-
pound 1a1l, after service in the track Those of the head were
modified by 1eason of a bond wire having been biased to the outside,
upper edge  The structural state was distnbed by the effects of
the torch, mmdicated by the shaded portion of the sketch A cross
section ot the 1a1] was smoolh polished, and the zone of affected
metal biought mto view by etching with ammonium peisulphate

Heating with the toich, for biazing overcompressed the metal
for the tume bemg which 1eversed the wnteinal strains to a state of
tension when the 141 cooled  This brazing which was done neay
the end of the 1a1l, on the outside of Lhe head was the safest place
such heating could be applied without menace to the mntegity ol
the metal The use of the toreh on the web or the base of the 141l
would endangel its safety, leading to 1ts 1upture  The formation of
cracks has been witnessed on the tead of a chilled 1non wheel
Eapeuimentally a small area of the tiead was heated with an oay-
acetvlene torch 1a15ing the temperatie ol the metal to a dull 1ed
heat  Duiing the period of cooling a small network of cracks was
formed on the surface of the tread, 1epresenting the 1ehef of mteinal
stiains of tension

54235 27— 1
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Figwie No 27 1llustrates the inteinal stresses of a 100-pound 1a1l
Tiom the tracks of the Interborough Rapid Transit Railioad of New
York City Ite composilion was ' 081 Mn 086, P 0029, 5 0042,
S1 010 The total tonnage carnted by this 1a1l was 300,839 315
tons  The wheel loads were fanly light, undeistood to have been
i the vicmty of 15,000 pounds on the motor end of the cat  Not-
withstanding the modeirate wheel loads 1ails 1n the tiacks of this
company have not been immune fiomn the displav ol transverse
fissines

Figme No 28 1epresents a low 1a1l of a 4° 407 10" cuive 1ts
weight was 130 pounds per yaid The average composition ol the
1ails to wlich this belonged was C 0682, Mn 064 P 0021, S 0038,
S1 0077, N1 059, C1 024 The internal strains were measured alfter
the rail had been 1n the track 16 months  The middle element along
the top of the head had acquured strams equivalent to 21,000 pounds
pel squale mch compression These are cold r10lling stiaing which
come from the impinging pressuies of the wheels Tt 1s unlikely that
the cooling sliaing of {abiication eaert a matenial influence on the
stiams later acquned fiom the impmging action of the wheels thal
15, 11 1a1ls cooled normally on the hot bed

The stiesses here mentioned are above the average which have been
observed but do not 1epresent maxnnum salues 1n steel 1atls The
measiuned strams, in any case, ale not the maximum ones to which
the 1411 head 15 subjected  They 1epresent the permanent effects of
the wheel loads, atter the loads have heen removed, and not the
strams endured by the 1a1l while 1t 15 bewng loacled

There 15 a disarepancy m values between the measured strams of
tension along those elements 1n which transverse fissimes are located
and the strams wlich experimental 1esearch show necessary to cffect
1upture undes 1epeated stresses  The difference 13 1 part made up
by the maucased stiamns to which the 1ails are exposed when m a
loaded state  Eapeiimental results however, 1epicsent observations
made upon the average behavion ol masses of steel, and do not
Hlustiate what happens between elementary paits of the metal, wheie
fractures orpinate  But {1actuwies which occin under the influence
of one force, and one toirce only must be attuibuted to the action of
that force  This syllogism aptly applies to the formation of
transvelse fissules

Figme No 29 allustiates the appearance, m closs section, of an
eally, puddled, non rail, of about 40 pounds weight per vard, after
etching with tincture of 1odine  Tnternal stramms i the top of the
head weire equivalent to 24 920 pounds per squale inch comptession
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13200 C

9.600 4200
C C

Fiec 26 —Inkeinal stresses m 4 90 pound 1ml modified by
hirsng a bond wie on side of head
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15.000C

2700 Il 400
C

15.900 3000 13200
C T C

g 27 —Intewnal stiesses m a 100 pound rail fiom Lthe tiacks of the
Inierborough Rapid Transit Raihond, New Yok City
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Ime 28 —Inteinal sticsses m a 130 pound ra1l, low 1a1l of a
8 40" 10 cuirve after 16 menths m service
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The detached stitp on which these stiains wele measured assumed
a pronounced convex shape, with the 1unming suitace uppeimost,
mndicating the inteinal stiains were of variable degiee 1in magmtucle,
greatest adjacent to the 1unning swi face

The lower wheel loads m the days ol wiought-ion 1ails, had then
influence on the intioduction of mternal strams on that weaket
metal as they now do on ilhe stionger steel 1ails  No Lansveise
fissures weie ever 1eported 1 non rarls but split heads were of comni-
mon occurtience  The wionght-non 1ails vielded by lateral flow of
the metal of the head  The laninated stiucture ot the metal was an
obstacle to the formation of fissuies at 1ight angles to the gram ol the
mon  Tion s stiong lengthwise the gram, weak i crosswise dinec-
tion  The dissimilatity m behavior of non and steel has a 1e-
semblance to the difference between that of wood and glass

ABILITY 10 RFIAIN INIERNAL SIRAING ISSINILIIAL IN RS

The abilibv to acquue and 1etamn inteinal slians 15 the yverv pLop-
etly which gives steel the power to enduwe wheel loads, without which
lathioads, as we know them, could not exist  The paiticles ol the
metal 1eact upen each other  They mayv be stiamed up to a certam
degiee betore mternal ruptine ensues  ild steels under nmifoimly
distuibuted loads, will display the phenomenon ot continuous flow
under stiesses far below the impingmg pressutes between wheel and
tail m cutzent tarlway practice  Mild and medinm grades ot steels
have thus petiod of continnous flow without adsance of stiess, haid
steels 1uptue 1 sheai before this period 18 1eached

ITardened steel balls and c¢yhndiical aolls possess a degiee ot
ngidity ditheult to obtain in then 1oller paths  Notlung appoach-
mg then 11gidity 13 expertenced m wheels and 1ai1ls of 1a1Jway prac-
tice  Although the haidest steel 1a1ls retam then shapes, and under
outward appemrance appear le be unaflected by wleel pilescuies
nevertheless they ale overstiuned acquite inteinal stramns, wlich
tend to cause and do culminate i tiansverse fissmes  Additional
examples mipht he pesented ol measwed strains 1in new 1ails and n
those atter a period of service in the tiack  They would merely con-
fiim what has alieady been stated

When 1nternal stramns from wheel loads ate mtroduced they dis-
turb the relations of preexisting stiains  Likewise the 1emoval of
strips fiom one part of the 1ail disturhs the 1emaming poition of
the cross section, loss of metal by abrasion doing the same A spe-
cial test 1llustiated the 1eactions 1n overstiained bat, when portions
of its c1oss section weie successively cut away A rectangular ba
bent cold into the shape of a hoiseshoe has internal stiamms of ten-
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T'1¢ 29 —Cross sgection of an eaily wiought iron rail eiched with dincture
of 10dine TInlernal stiesz m top of head 24,920 pounds per square
inch complLession
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sion and compiession in each of two zones They are disposed n
the manner which has previously been alluded to, tension on the
msicle of the bend, complession on the cuiside Tt 1s mmdifferent
whether metal 15 planed off the concave o1 the convex side of the
bend, the arms will separate m consequence thereof  After suffi-
cient metal has been planed off the movement of the aims 1everse
and then move toward cach other Due to mcieased leverage, the
1elease ot strains 15 magnified and made easily noticeable at the ends
of the a1ms

Inteinal strains mn 1a1ls may be revelsed, tension changed to com-
pression o1 vice versa within nanow limits  In thin metal sheets
they may be reversed within minute Limits  Since 1uptute results
from the minute separation of adjacent paiticles, 1t 15 believed that
a caretul consideration of the phenomena relating to inteinal stiains
18 not only desiiable bul necessaiv m the study of the causes of the
upture of steel 1ails

COMPOUND TYPF O TRANSVFRSE FISSURES

The (ernunology transveise fisswe was applied specifically to a
type of fiactuie witnessed 1n a steel 1a1l m which a state ol longi-
tudinal stiain led to its intenio1 tmmation It 15 fiequently obsetved
that fiactires which ouigimate fiom a defimite cauwre are diserted
from their primttive couises, detaching small fiagments o1 1esulting
m the complete 1uptme of the 1211 Crescent-shaped bieaks 1n the
bases of rals are examples of tlus kind  They oniginate at longitudi-
nal seams o1 laps, commonly at the middle of the wudth of the base,
and are drverted to the edges of the flange Smmila1 fiactures ocemn
n the heads of rails, especially in haid steels A horizontal spht
head, with o11gin at an intenor strealk o1 seams, 15 diverted from 1its
comese detachmg a flattened crescent-shape frapment leaving the 1est
of the 1ail mtact TIn other cases the plane of 1upture 15 deflected
downwaid and developed tiansveisely to the axis ol the 1a1l A
compound t1ansveise fssuie 15 thus formed Surface mdications of
1ts presence may be and generally ate absem.  Such an mnterior fiac-
ture presents the same danger 1 the tiack a5 a simple transyeise
figsme

Figute No 30 a and b represents this type of transicise fissnres,
with o11gim at a nminute longitudinal stieal o1 slag seam A small
silvery oval formed about the acicular seam, at one end of which the
fracture was deflected downward TFrguie No 30a shows this branch,
fan-shaped, with nucleus at the end ot the acicular seam The
slvery oval 15 shown by Fipuie No 30D, the extension of the fracture
at one end branching upward In this fractule mterest attaches to
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the presence of the minute acicular seam, which led to the display of
thie compound transverse fissme

Frgme No 31 a and b illustiate another compound tiansveise
fissmie, at an early stage of its growth  Its nuclens was at a longi-
tudinal acicular seam, the o1igin of a liorizontal sphit head firacture
The saw scarts shown by Jiguie No 3la wele made fo1 the puipose
of detaching the top of the ra1l and 1civealing the cuifaces of the
honizontal sphit head fiacture In this example the tiransveise
hssure, which bianched fiom the hoiontal split head, toole an
upward course

Figuie No 32 a and b, obveise and 1¢ie1se of the same fiagment,
lustrate still another compound transveise fissmre  The oligin of
tlus fissmie was at a hotzontal split head from which 1t deflected 1n
4 downward diection  The tiansverse fissuie sepaiated the laiger
part of the cross section of the head and extended info the web  This
was a 100-pound ra1l, mgot lettes G The fiactue was completed
the tesling machine

The teverse view of the rail shows two neaily hoiizontal, but
shightly inchned, cracles 1n the upper pait of the head These were
appatently sheaning fractures, the top of the head beimng cold 10lled
angl sepalated fiom the metal below without piresence of a longi-
tudinal seam  These cheaiing cracks wete obscuie, the <hoiter one
haidly perceptible  They were made prommnent for photographing
by «raw filing, allowing the polarized chips to gather about the
aacks

FFigme No 33a illustiates a transverse fissure which, in 1te devel-
opment, was artested by the presence of a veitical split head fracture
Tts growthh however, continued by extending over and beyond the
upper edge of the vertical fiactme This 1a1] fuimshes an example
ot reveise action to preceding illustrations of compound fractuvies
where horzontal sphit heads branched, upwaid or downwatd, mto
transverse fissmes  In the present example the nucleus of the tians-
verse fissure was on the gauge side of the head 1emote fiom the
vertical crack  The transveise hssure was stopped at the veirtical
crack  This 1are combimation of fiactures prompts the query If a
large seam o1 crack possesses the ability to stop a tiansyelse fissure
would 1t be expected that a small seam would possess the ability to
stait one? The matter resolves itself nto the guestion of orlenta-
tion, this example tending to eliminate from consideration the pies-
ence of longitudinal seams as essential precuisors in the formation
of tiansverse fissuies T they aie not vital, anxiety would center
golely upon those shhinkage racls which aie ollented 1n planes
substantially noimal to the axis of the 1a1l
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T1gs 30¢ and 300 —Compound fransycise Nssure onglonabing at 1 <mdJl longy

Ingure %0a, hourontil oval

Veitical development showmn Dy

lndinal seam

fiacture eontmining longituidinal seam shown By Figure 300
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lie 30b
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r'ic 3le

I'rgs  31¢ and  J1b —Compound tiramsverge fissule
Honsontal split head Dbranching upward mnfo a
iransverse fisswe  Ongin of sphit head at long
fudmal scam



ACCIDFNT NEAR VICTORITA, DMISS

Fia 31b

61



62 INTERSTATE COMMERCE COMMISSION

e 92a

e s 32g and 326 —Compound fuansselse fssuce noa 100 pound 1l oniginaling
al 1 horrsontil sphit head  Iiguie 92¢, tiansvelst fssuie binaching down
wiaid friom sphit icad  Figute 420, 1no horizontal sphit head eiicks 1he longen
of which led lo the formation of the transyveise Ossure
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e Jdr—Trangyerse Ossuie n 2o 85 pound 1a1l aiiested at a split head
Fiactuie
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T16 3ud —hplit head fractuie of Figmie dda extinded veross 11ansterse Bssuze
b1 peening te 1unning smiface of head
3423527 b
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T 34¢ —Sphit bhead fiacture 1n an 85 pound rail
of short fiagment Figmes 33¢ and 33%

Opposlte end
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AFCHANICAL FXTENSION OF SPLIL HFAD FRACLURT

Tiawe No 34a 1epiesents the vertical eracl 1 the head of the
1a1] on the end opposite the transvei~e hssme wlich 15 shown by
Tiguies No 334 After its further development the sphit head frac-
ture 15 shown by Ifigmes Nos 33b and 34b

The fractuie of this 1a1l illustiales the eftects of two forces, a
longitudinal foree which developed the tiansverse fissute and a cross-
wice force whiel developed the splhit head Tach for a time were
probably developed independently of the other  Cold-10lling effects
ae felt in two diuections, setting up stramns of compiression both
lengthwise and crosswise the tall It 16 unusual, however to find
associated fractures of thece tno types

Perhaps these fractwies were not of simultaneous origin, but when
the t1ansverse fissure had 1cached the middle of the head 1ts progiess
was unquestionably aiiested by the veirtical crack  The upper pait
of the transverse fissute then aiept over its top

The sphil-head fractme extended 1 depth to o pont abieast the
filet under the head The upper part only 15 clearly shown by the
ot This featwe will be noled, that mn the formation of the spht
head fractme the metal of the head was separated two thuds s
depth withoul mdications o (ts presence being presented on ihe
runmng surface  The usmal dark stieak along the middle of the
1unming suttace, so much 1elied upon as visible evidence, 1« an ndi-
catton ol a split head which comes late 1 s development  When a
dark stieak becomes visible to the observer, the hnal stage of fiactuie
15 about 1eached  The nanowness of this split head aack 15 again
shown by Thipure No d4a

Atter photogiapling, the sphit head fractuie was extended by
mechanieal means analogous to the action of whedd pressiies The
fop ot the head was peened with a hand hammer setting up strains
of compression which eventually were sufhcient to cause an upward
extension of the cracke  The peerung was continned, along the nud-
dle of the length of this shoit section of 1ail, until the vertical crack
teached the top of the head at each end of the specumen  Figures
Nos 33b and b show the results

The mechanicallvy extended crack passed thiough the overlapping
swtace of the tiansveise hssme In the abcence of lomgitudinal
1esistance the wmfluence of the peening was {elt only mm a crosawise
duncetion  Theie 15 no reason tor believing the extenvion of an
meipient transvere fissuie could not be accomphshed i the same
manner  In fact 1t has been done with a small frapment of the hieacd
of atail
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One of the 1easons why tiansyeise fiscures commonly develop 1nto
oval-shaped swfaces 15 the 1equuement that some poirtion of the
c1ogs section of the melal of the 1a1] be 1 a stale of compiession to
react upon and <l1amn by tension the periphery of {he transyerse
fhssie  The metal immediately below the runming suiface of the
rail 15 vntually cold swaged, the grains of the steel flattened and,
a5 well Imown, steel under such tieatment will display pieater due-
tihity than possible 1n a tensile test wheie the total elongation has a
1elation to 1ts tensile stiength  Malleability 15 the texm which hest
exp1esses the ability of steel to flow nnder swaging pressmes

[ixteinal evidence of crther a split head or a tiansveise fissure 15
presented only upon a clowe approach to final 1uptine A sag 1n the
head means that longitudinal ruptme along the fillet has necaily
talken place, extending the iractwe excepting a thm layer of metal
below the running stnface At thal stage thete 1s stmilaiity 1 action
between the sheanng of a in from the wide of ithe head and detaching
a major portion of the metal of the head The practical difference,
however, 15 great 1n 1espeet to the element of danges

In general, the actual <eparation ot the surtace metal of a split
head rail fitst ocemis in the fillet under the hed, and the first vmisible
suiface separation of a tiansveise fissme 15 commonly on the sude of
the head o1 1 the fillet

Fieguie No 35 1llustiates the development of a transver<e fissure
m a [00-pound open-hearih Vanadium steel 1a1l A Jarge part of
the eoss section of the head had been fiaclured The transverse
fissure 1eached the smiace on the gauge side of the head, substan-
nally 1ts entire depth  The fissine extended neaily ac1o=s the width
ot the head but without reaching the 1unning smatace  The featnie
of malleability preseived the metal fiom ruptule at the immediate
top of the head This 1a1l displayed a transverse fissme afler one
year, 20 days’ service

The presentalion of a transverse ficswe which covers so laige a
portion of the c1oss section of the head gives emphasis to the query
conceining s 1ate of growth, whether unifoim, accelerated, o
retarded  Under the present state of knowledge a defimite answer
can not be given A prognostication would depend upon complete
knowledge ol the 1otees which contiibute to canse the fissuie together
with a consideration of the 1esistance of the rail at (different stages
m its growth
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e 83 -—Tansseise fissure m 100 pound O H Vanadim steel 1l Tiansselse
fissure reached suiface at mide of head but mol running sulfice
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PENDING SIRESSES NOT PRINCIPAL FACTORS IN I'HE DISPLAY OF 1RANSVLIISE
FISsURLS

The pioperties of carthon <teel ate such that bending stiesses can
not be held acconntable for the display of transveise fissules, excepl
n a secondary degiee  As a beam the strength of the rail would
rapidly diunish with the growth of a fissiie  The growth of two
tiansverse fissutes i close proxumity would be practically incom-
patible with beam action  When, however, a sufficient degree of
wealthess has taken place by 1eason of the extension of the tansveise
figsuie the fractine of the balance of the 1a1l suddenly ocems 1 the
tracl, m the manmner which 1t would ltactwe under a bending siress
n the testing machine  Since the 1a1] sustained the bending stiesses
of the track wlule this wealkening eflect advanced 1t does not follow
necessarily that final yupture oceuired solely under the effects of
bending loads

With so small an alea of unmuptured metal above the periphery
of the tiansieise fissure, as displayed by the 121l 1llustiated by Fig-
ute No 33, the completion of 1upture does not admit of bemng
attiibuted to the influence of the area of intact metal above the
fissme  Some 1ecent 1esults, which wall be 1efenied to later in this
1eporl, suggest the influence of longitudinal vibrations as a possible
factor 1n the final fiacture of tiansverse hisswed 1ails

It has long been suspected that steel 1a1lg, not unlike metal located
mn other places would 1espond to the mfluence of vibratory waves
Vertical waves are clearly appalent in the track, occmiimg under all
speeds ol tiamns  Under transverse vibiations the outside fibers
of the 1a1ls would be most aflected, but these vibrations do not seem
of greatest muportance to fiactmes which develop from within the
periphery  In 1espect to longitucdinal vibiations the matter presents
a different aspect Ileretofore m 1epoits upon tiansverse fissuies
no reference has been made to vibiatory strains, for the 1eason there
was no evidence available assoviating such stiams with the fractuies
of 111y Twidence of such a nature has come to hand which will be
mco1 porated heirein

IIEAD CHECKTD RAILS

Fipwe No 36 1llustiates a type ot fractmie m a 100-pound 1ail
to which the name head check has been apphed Tt omginates at
the suiface ot the head at o1 near the npper coiner at the gauge
side It develops in a tiansverse plane  Otipmating i a locality
where internal stiains of compiession aie acquuied some special
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reason loi 1ts meeption must be present It 15 appaiently a type
of wheel buining, m wluch strams of tension have been intioduced

2\ seties of photonnciogiaphs each 100 dhameters magnification 11-
Iushiate the appearance of the sieel near the top smface ol the 1a1l,
Nos 36 a to f at places mdicated by letters placed on cut No 36
Figuie No 36a represents a longitundinal section, al the running
s tace of the 1ail, near the upper coiner, gauge side  Theie was
Iat dened and cracked sniface metal, with a some of Laidened steel
next below 1 which outlines of the gram stiuctuie remained  Fig-
ure No 36b shows the depth of the haidened zone with the noimal
stiuctme of the steel beyond Nos 36 a and b shghtly oveilap
cach othel

Figmies Nos 86¢ and 36d <how the flattened grams of the steel
near the upper outside coiner of {he head Below a shallow layer
of hairdened melal the g1ams weie flattened with an outward flow
These two aite tiansverse sections Figure No 46e shows the dis-
tortion of the pram on a tiansverse section neal the muddle of the
top of the head Tigwe No 36f, also a tiansieise section; shows
the normal gran stiuctuie ol the steel below the affected zones

In 1espect to internal sliains, 1elations have not been established
between the zones of metal of noamal shape and those of flatiened
gramns It has been 1ound possible m the lathe, to tin off 10ughing
chups fiom a steel arxle of <uch depth of cut and feed thatl inteinal
strains of tenston 1e<nlted in the metal below the chips 1emosed

A thm layer of affected metal next the 1unnimg suiface was shown
in earlv tests of steel 1aills  This layer of affected metal detracled
fiom the bendmgp propeities of the r1ail leading to bisttleness of
fractine when loaded Lo extremity  Annealing 1esiored the tough-
ness of the 1a11  This behaviol demonstiated the fack that the cold-
1olling action of the wheels destioyed the toughness of the metal
prion Lo actual 1upture  In the physies of sleel 1t 15 & maiter of
mterest to Inow that destiuetion ol toughness the ablity to flow
and take peimanent sets, mailes a stage 1n the approach to 1uptuie
Priol to the actual sepatation of clementary parts

This phenomenon appeais o be witnessed 1n high manganese
steel 1a1ls, leading Lo progressive fracties begmning at the 1unning
sinface of the 1a1l and extending downwaid thiough the head and
mto the web

Figmie No 37 illustiates the gashes whieh were formed mn the Liead
of a high manganese steel 1a1] 1n a bending tesl, with the head on
the tension side  If1actmres of this kind ale not displayed by carbon-
steel rails  The toughness of tlns 1emarkable matenal was destioyed
by the cold 10lling ot the wheels at the y1mmediate 1unming sm face
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¢ 46 —Ilead checked 1anl Weight 100 pounds per yaid
Iy Miguies No 30, b, e, d €, and f

Microstineture shown
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I'a d6a

T, 3Gh

Fic 46a —Mcrostiuchme at ¢+ Haldened nd ¢ eked swiface
metnl and hordened metal next below with outhhes 1ecmaining
of g1 sliucture Longitndinal section  Magmfcation 100
diameters

11 366 —MDerostiuctule next below 36e Haidened zone with
no1mal stiuctale below Shuip hne of demarkation  Longl
tudinal section  Mignification 100 dinmeters
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o oiae
Tie 36d

Fre  36Ge —Maostiwcture gt «  ab iunmng swmface  wrdened
skin and flatlening ol Lhe gimineg showing outwud low  Lhans
velse seclion  AMagnification 100 diumeicrs

Fre 36d —icrosthiactmne below 365, near outside coiner of the

head, showing fNatteming of Ibr Stan with ouiwnd flown
Transyerse section  Magmificabion 100 dmmeters

75



76

INTERSTATF COMMLRCIE COMMISSION

Fie 36f

't 96 —Mhicroslinetnie near tep of head muddle of width
blight hardenming of (e suifaec metal and shallow zone of flat
lencd g1 un Iransyerse section  Aagmifieation 100 diametils

i, 46f —™ormal stimeture of the slec!  Vienndy of upher pait
of liead Tiwsverse section M gmheation 100 damneters
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NG 36 — Ll1ngyerse fissuze displayed by o medivm manganese steel raul Begsemor
sleel  In service 1d jaaas
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The tougliness of the steel below the affected zone was 1etamed and
the extensions of these gaches irestiicted 1In thig feature the be-
havior of high manganese steel 15 unique It possesses elements of
satety against sudden 1nplure witnessed m no other steel

Favorable 1repoits have been announced concerning the 1esistance
ol rails of mediim manganese content against the formation of
transverse fissules, manganese of 125 to 175 per cent Investiga-
tion of the properties of this grade of steel have shown 1t not unlike
cartbon steels, so fa1 as laboratory tests mnchcate

IRANSYLRSE FISAGURLE IN MEDIUM MANGANESD SLEFI IIAIL

Inguwre No 38 1llustrates the appearance of a tiansverse fissme
displaved by a 1a1l of medinm manganese content  This was a Bes-
semer steel 1ail, 100 pounds weight per yard, which had been 1n
service 18 yeals  (“hemical analysis made of the metal fiom the top
of the head gave the iollowing 1esults € 061, Mn 123, P 0059,
S 0153, 81 0142

The t1ansverse fissmie was located 9 feet 8 inches from the recerv-
mg end  The nddle part of the length 11 feet 4 inches, was broken
mio 36 preces  The leaving end 1emained ntact

The cncumstance of this bemp a Bessenier 141l does not piesent
an unusnal featute  Tn a compilation of tiansverse fissmed Lails G958
Bessemer steel 1a1ls cane to notice

WIIFT L, BURNT RAILS

Wheel buint1a1ls are of common occurrence, every vard finmeshing
examples They ate specially prevalent whetever tiams slop and
starl  The cause of then ocewiience 15 the skiddimg of the wheels,
thei 1otation heing cither faster o1 slower than the movement of
the tiain, 1t 15 wmmateiial which  Some examples aie pronounced
by 1eason of the seierily ot then appearance, exhilnting deeply
ser1ated and roughened smtaces of the heads of the 1ails while
ollhiers hardly display any of thece famihiar manifestations TWheel
lruning also appeats 1n sitnations wheire 1t would not ordinaiily be
expected

The frictional resistance encountered 1n the slipping of the wheels
1mses the lemperatme of the surface metal of the rail practically
mstantancously Fiictional 1esistance 1s doubtless the nost expedi-
tious method of 1asing the temperatmice of steel to an incandescent
heat When lieated suddenly and of <heit duration only a super-
ficial layer of the metal 15 durectly affected DBy conductivity the
netal neat below quenches the intensely heated sm{ace metal In
steels having the chemical composttion of rails this sudden abstrac-
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tion of heat eftects (hetmal hardness of the metal  Sinilar eftects are
witneswed at the ends of cold-sawed 1a1ls

In the micoscopic examimation of wheel-buint rails, layers of
haidened steel are found supenimposed on metal of noimal stiuc-
ture  Examples have also been witnessed m which the immediate
sutlace metal had evidently been 1eheated and annealed Those
examples displayed an upper layer of annealed metal 1esting upon
a haidened layer, which 1n turn 1ested upon metal of noial stiue-
tural state  Drfferent 1esults will be 1eached accorcding to the 1ate
of heating, the degiee of temperatuie reached 1ts duration, and
the 1ate of cooling

The uwsual appearance ot a wheel-huint 1l 1equues no illustia-
tion  However, a better conception of the distiibed metal may be
obtammed by pukling 1 hot aud Pickling may even 1eveal the
presence of wheel-buint metal not apparent when the 1a1l was n
the tiacke  Flange-worn 1ails have ealubated such evidence Rails
Lave shown a seties of theimal cracks, on the coiner of the head,
gauge side, of such regulanity ofl spacing they 1esembled the grad-
uations on a foot 1ule  Such thexmal cracks have been witneesed on
the low 1a1ls of a 3-degice curie

In skiddimg, the wheels should not 1emam loug 1 one spot to
eftect the hairdening ol the smiface metal TProlonged heating, dve
to the <lippimg ol wheels without then adyance, 1a15es the general
temperatine ol the entue head, with results entrely diflerent from
those wlhich 1ollow sudden heating and cooling A very complex
state of mteinal stiain 15 et ap by prolonged heating, depending
npon conditions which fluctuate so widely that no acciate predic-
tion can bhe made ot what the final results will be

An evample ol piolonged heating was presented 1 the wheel
burnng of ~ome 90-poundd rails wluch were located 1n a tunnel  The
wheels <ltidded for a tume belore 1t was 1ealized the engine was
not 1 motion The tops ot the heads of the 1a1ls were hellowed
to a depth of 03 inch under the wheels The entne lieads and a
pottion of webs were heated 1ed hot

The internal stiains m one of the 1ails weie measmed .\t a
stage 1 the exammmation of the rail the mieinal stiams taken
along one element of the head 1epiresented a stiess of 16200 pounds
pel squale 1nch tension, whtle al another «tage the stiess along
the same element 1¢presented 14 100 pounds per squaie imch com-
pression  Planmg away o porfion of the cross section of the 1a1l
ieversed the inteinal strains along the measuied element

Notlwithstanding the stiuctmal inpmy ordinatily caused by wheel
burning the mjuied zones ale 1eenforced and held together so efhi-
clently, by vitue of the phy<ical properties of {the steel, that the
121ls are enabled to endure this severe treatment and 1emain intact
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and serviceable, at least 1n many cases  Rails which have fiactured
from this cause, which 1s also called snow buimung 1 some sections
ot the couniiy since such oceuiiences talke place while ploughing
out snowdii{ts, have exlubited preat local distuihance ot the metal
before they succumbed to these destiuctive mfluences

DOI T-HOLL I'RACTURES

Whenever steel 15 exposed to alteinate <tiesses and of sufficient
mtensity the ability to permanently elongate under tenaile stress
1s destroyed  Condatrons at the walls ot bolt holes 1n tails are such
that loss of ductiity 15 theie experienced The diilling of bolt
holes, adopted many years ago to escape the objections to punching,
does not ehminate the danger of rupture under sei1vice conditions

Rails display biittleness of fiactuie at bolt holes  Fiactures olirg-
mate at then walls without appreciable enlaigement of then
drametets  This happens while the metal at adjacent bolt holes may
stull 1etain 1ts abiity to be drifted mto much larger holes without
rupture  The birttleness displayed 15 altiibuled, in part at least, to
hammer action between the webs of the 1a1ls and the shanks of the
track bolts  Clearance origimally provided for 13 lost by the cicep-
g of the r1ails  DBolts are ficquently bent and the walls of the bolt
holes a1e upsel

Some {iactuies take longitudimal coumses acioss the lhorizontal
diameters of the bolt holes, others form on obhgue lines at angles
45° with the longitudinal axis of the 1ail  The display of oblique
hnes of 1uptwie 1s taken to indicate that shearing stiesses play a
part i the formation of bolt-hole fiactures

The presence of this type of fiaclure 1s obscmed m 1ts early
stages bv the splice bais  Not until a fiactme has extended beyond
then ends does 1t commonly admit of detection In some cases a
horizontal line of 1upture bitwicates and completely detaches a shoit
mece of the 1a1l o1 separates a pece of the head from the web
and base

ARIIFICIAL TRANSVIRSE FISSURES

Transverce ficsures lhave been produced experimentally in new
raills  Then positions in the head of the 1a1l was under contiol
They wele developed centrally when the 1a1l was loaded 1n upright
posttion, o1 located m the 11ght o1 lefl side of the head when the 1a1l
was canted to the 11ght o1 to the left

Artificial transveise hssures wele made hy means of gagoing blows
applicd successively at shoit intervals along the head, then 1eversing
the rail and 1epeating the blows along the hase The tests weie made
on half-1ail lengths Referred to full-1atl lengths, the number of
blows 1equiied to brealc the rails and disclose the tiansyerse fissuies

$4295-—27—GC
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1anged from 30,000 to 250,000 Bach gagging blow was mote severe
than used m the ordimary stiaightening of a 1a1l  These tests showed
there 15 hittle need of anxiety concerning the effect of a score o1 less
of gaggmmg blows 1n the usual shiaightening in the gagging press
as affecting the integiity of the metal Gagging blows in oidinary
practice ate delivered only once o1 twice 1 a place, and seldom
1eversed direction

In producing artificial transverse fissures 1t was necessa1y to gag
the 1a1ls successively at shoit mtervals along thewr lengths, 1epro-
ducing as nearly as possible track conditions of continuous rolling
by the wheels (Gagping in the same plane alternately on the head
and the base resulted 1n regular beam fractures, that 1s, 1n fractures
having theur origing 1n the outside fibers of the 1a1ls

Aitihaal transverse fissules were of interior origin, ulentical
with those developed n the tiack They displayed swi faces 1esem-
bling the nucler of track transveise fissures, without the silvery bur-
nished effect believed to be caused by the opposile swfaces being
hammered together and closing the muinuwte gap between them wlhen
the wheels ale dinectly above them

Drfferent weights of rails and different heats of steel were repre-
sented 1n these artificial transverse fissuies

TRANSYRRSE FISSTURES IN SIVERAL PLACES IN 1HE SAME RATL

Certain rails contain only one tiansverse fissiie when they are
1emoved from the tiaclk for the display of this type of fiactwme
In others several fissures exist m different stages ol development
Among those which have been exammed many have been found 1o
contain more than one fissme The transveise fisstue displayed
in the track 15 commonly a pronounced one 1m 1espect to size but not
always the laigest in the 1a1l

Figures Nos 39 @, b, and ¢ 1llustrate the fractured suifaces of a rail
which was broken, after removal fiom the track, 1n 15 places At 11
places tiansverse fissures were 1n the process of development  Stat-
1ng effect, so called, characterized towm of the fiactmied surfaces

In this @ioup the fiacture which was made at the dislance of 28
feet 1 mch from the leaving end of the rail displayed a mnute
silvery crescent This manifestation identifies the fractmie as an
merpient transverse fissme The nucler of transveise fissures present
chat acteristics shown n tensile f1actuires and hlewise those of shiink-
age ctacks The identity of an ineipient transverse fissule becomes
certain only when evidence is presented of its progiessive foimation,
that 1s, when a silvery luster 19 shown on a poition of the fiactured
surface
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When a 1411 18 bioken under the drop with the head 1n tension a
stairing effect ot mteilor location 1s commonly shown  This does not
mean necessailly that the locus of a transveise fissae has been dis-
played Tt identifies the pont where the metal fuist sepalated Be-
tore rupture occunted the metal at that place, some distance f1om the
neutial axis of the 1a1l, may have elongated several per cent  The
difference m behavior will be kept i mund between the measuable
elongation of the metal 1n a 1a1] fractured by a bending test and the
absence of measmable elonpation in the case of a (1ansveise fissuie
Earoneous imnterpretations of what las been witnessed would account
for the caily announcenents made upon the presence of embiyonie
transveise fissmies i new 1ails

TFigwe No 4015 a Iine diawing showing the locations and diameters
of 50 transveise fissmies which were tound mn the came 1ml  One
tiansveise fissiie was displayed w the tiacl, one 1n handhing, and 48
others 1n 1ts subcequent test under the diop Some of the short
fragments, the subjects of later studies, displayed additional fissuies

This was a 90-pound 1a1l; which had been 1n the tiacle for a penod
ol 14 years The mill analysig tor the heat was ¢ 072, Mn 075,
P 0033,8 0036,51 020 Tt hadthe ingot letter o o1 ' Examina-
tion showed a shattered core in the center of the head, in which zone
at least some of the tiansveise fissuies had then oniging  Theie was
no abnormality 1 miciostiuetmie nor foreign inclusions associated
with any of the fissures examuned The aggregate area of the fifty-
odd (ransverse flssuies was four tumes the entue sectional area of
the 1a1l

TRANSYERSE FISSURTS DISCLOSED BY SIIOCK TESIS

Tn cutbing 1a1ls to length i the 1eclamation yard of the St Lowis-
San Francisco Rathoad, M1 J G Tayloi, special engineer  effects
1uptuie by endwise shocls  Stairting a eraclk mn the 1a1l by mclking
witlh a chisel, 1uptuie 15 completed by sttuiking the end of the 121l
with a gledge hammer The lonpitudinal vibrations set up by the
shocl of the hamme1 are adequate to complete the fiacture of the
1a1l, an exterror aack of hmited extent having been made by the
chisel

Shoclt tests were made upon a section of a 1ml which displayed a
tiansverse fissuie m the tiacks of the Clucago & Noilh Westein
Raihoad  This was a Gary 1ai1l 1olled 1in October, 1912, weighing
100 pounds per yard The section eaper imented upon was 9 {eet 10
mches long, one end ol which was hot sawed, the other end had a
transverse fissme, 114 mnches in diameter, displayed 1n the tiack

There were smface indications of two additional transverse hesures
m this section, which appioached very near the periphery of the
lieacd  ‘The section was theretore an eligible one upon which to repeat
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the shock test of the St Lowis-San Thancisco Railioad  Thele was a
thind transvetse fissure 1 this section of 1a11 the presence ot which
was unsuspected, but wluch the shock test disclosed

The hot sawed end of the rail was struck with a 10-pound sledge
about 20 sharp blows, whereupon the 1211 separated near the nuddle
of 1ts length at a tiansveirse fissute having a diameter of 114 nches
The smifaces were biight and silvery

Resuming the test, a few additional blows of the sledge caused
the 121l to sepatate at a transverse fissure located 20 inches fiom the
hot sawed end It had a diameter of 134 inches, the < faces bemng
bright and «ilvety Theie weire no surface mdications ot the ex-
1stence of this tiansveise fissure prior to the shoel test

Agan testing one of the longer fiagments, two blows of the sledge
caused the rail to separate at a tiansieirse fissure located 15 nches
fiom the fissme which was displayed in the track The suifaces
of this fissure were also biight and silvery

Thus, 1t happened that thiee transveise fissimes were digplaved n
this piece of rarl by means of endwise shock, striking the 1a1l on
end with a 10-pound sledge

In the second test there was a noticeable change 1 the piteh ol the
note enutted by the 1a1l atter a few blows of the sledge Deloie
tuptme was completed the pitch of the note was much flattened,
clearly indicating progressive fractine under the vibiatory strains

The longitudinal vibiations, concentiated and intensafied at the
edge of the mnlenior fissuies, caused 1upture which under conditrong
of <tatic load would have 1equiied several hundied thousand pounds
gross stress  These transverse fissiles each comprised about 20 per
cent, the full sectional area of the 1a1l or 40 per cent the sectional
atea ol the heacl

Certain longitudinal strains would be expected to accompany the
veitreal wave motions experienced 1 the track, and become factors
n promoting rupture  Indeed the presence and nfluence of longa-
tudinal vibrato1y stiains seems essential to a1d 1n reaching final 1up-
time when the area of unruptured metal above the tiansveise fissmie
has become much 1educed Upon such an hypothesis high speeds
would become active factors in the development of t1ansyeise fissuies

In ordnance engimeering 1t 1s held that longitudinal wave motions
tiaverse the chase of a gun in advance of the projectile and ae 1e-
flected m such a manner that the noimal racial strams fiom the
powder piesswies are incieased At high 1ates of speed a wheel
traverses the lengih of a 1ail 1n about one-thnd of a second of tune,
a2 1apid movement but not compaiable to the 1ate of travel ot longi-
tudinal vibrations 1 steel It 15 concervable that high speeds, as well
as intense 1mpmging wheel pressmes, each contiibute then shme
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toward the development of transveise fissures, and that bending
stresses 1 a rail which sufficiently weakened may shaie mn 1ts final
1uptuse

1T DETECTION Ol PARTIALLY DFVITOPLD TRANSVERSF TISSUIES

Transverse fissmes 1n the tiacks befoie final separation of the
1ails are at times discovered  IFine han lines appear on the <ide of
the head, commonly on the gauge <ide, where veirtical ciacks sepa-
rate the peripheral metal Tror to complete separation a 1ust
stiealt may appea1, mdicating the approach of a tiansierse fiscme
to the surface of the head Careful sciutiny 15 necessary to detect
these premomtory signs which do not appear until complete fractuie
15 close at hand  Some suiface manifestation 15, of course, necessary
to adnut of macirascopic detection

When thousands of 1a1ls each vear display tiansverse fssmes 1t
1s a matter of g ave 1mportance 1especting safety of travel to acqune
spme definite information upon then presence m 1als 1 the tiack
m then eaily stages of detelopment Deraillments due to t1ansveise
fissures ate tare i which the mitial bieak in the 141l does not show
a ficsmie having darkened suifaces, that 1s, a transveise fissme which
had not biolten thieugh the peripheial surtace of the lead, adnut-
timg an and acquuing daikened swifaces It follows that all such
fractures were possible of detection before the derailment occurred
The possibilily ot detection, however, may lhave been lhimited to an
wnterval of time of very hef dwation, too short to be of practical
value Theie are physical limits to triack mspection, and the detec-
tion of 1ails which a1e on the 1mmediate verge of 1upture vields a
magin m safety too slender to commend 1tselt

It 15 enstomary on some 1a1l1oads to remove fiom the tiack all
1ails of a heat in which a certain number have displayed transverse
fissmes Tnder the 1ules established by one State such 1emoval 1s
mandatory when thiee 1a1ls have displayed tiansverse fissures  The
promulgation of such a 1ule carnles with it, by implication, the
asstunption that some mherent defects exaist which permeate the
entie heat The physical condition ot the 1a1ls thus 1emoved, hiow-
ever, does not appear yet to have been the subject of ingquuy  Trom
the standpomt of cconomy 1t 15 not justihable to 1emove thousands
of 1a1ls upon unsuppoited suspicion 13y implication, also, such
1ules place responsibility for the display ol transveise fissuies upon
some mdefinite, undefined propeity of an entire heat upen which
no evidence has yet been discovered Some mspecting engineers go
a step farther and assume that mdividual ingots differ essentially
m then tendencies to display tiansverse fissures  Vagueness prevauls
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m the foundations of such belefs, whith atlach to no known physical
propeity  The only definite feature 1s the assertion jtselt that some
lLicats of steel display tiansveise fissuies wlule otheis do not, o1 have
not unde1 1dentical conditions of service

The detection of the presence of transverse fissures 1 then eatly
stages of development presenis a tangible subject 101 discussion
Devices wluch have been offered aie ol two classes, those wliuch
depend npon vaniations n magnetic properties and those which
depend upon differences in electilcal resistance  No practical 1esults
appear to have been 1cached with magnetic devices, and contingencres
are such that none would seem to be expected Nearly 50 years ago
extravagant expectations attached to the subject of magnetic testing
whtch snbsequent mmformation mdicated was fallacious

The posstulties of an clectiical resstance method was delinitely
shown 1n a demonstiation made by M1 Elmer A Spetry i the year
1923 o1 eaily pait of 1924 Expeniments were conducted upon a
model 1n which an mterionr ann gap had been prepmied, 1epresenting
m effect 4 L1ansverse fissute  The location of the ant gap was in-
dicated by A Speity’s device, who at that time expressed the con-
servative belief that an mteinal Gtangverse hssuie equal 1n airea to
15 pe1 cent ot the head could be detected by his appaiatus

Since no tiansvelse fissuie ol that Tumited sive has come to notice
as the prrmary caunse of a derailment 1t necessairily followed that the
detection ot such fissmes 1n the tiack and those somewhat laiger
s17e would be the means of averting acerdents due to the development
of tlus type of fractuie

It then defimitely appeared that a device had been presented for
the first tune which made 1t possible to delect in 1a1ls m ce1vice this
most 1nsichous and dangerous type of fractme  Such a device opened
great possibilities, maiking a most important advance m 1eseaich
work and achieving success 1 a line of woik directly assocrated with
safely 1n tiavel

The results of the demonstiation made by Mr Sperty mn 1923 dad
not mmmediately attiact faverable attention fiom the useis of 1a1ls
ITowever, after the lapse of some thiee veais the matter was talen
up officially by the veers of 1a1ls and an appropriation made to1 the
fabilcation of an appaiains for the tests of full-sired 1a1ls

JIIE SPERRY LLFCIRICAL RESISTANCE AMPLIFYING TRANSYERSE FISSURT
DETEC1IOR

The hono of devising an appalatus capable of detecting the pres-
ence of danger lmking within the head of a 121l was thus reserved
for Mo Elmer A Speirty Among safety applianees 1fs position s
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unmque  Safety in travel 15 menaced by a type of fiactine which
develops 1n the heads ot 1ails, to which the terminology transveise
fissme has been applied It 15 a ludden danger  Other safety appli-
ances deal with visible elements of danger, thus with unseen dange

Recent demonstiations with the Speiry detector have shown it
capable of indicating the locations of tiansverse fissures i different
slages of development f10m those 1n arca less than 2 per cent the area
of the head up to those which have sepaiated the major pait of 1ts
cross section  Conversely, ceirtain 1a1ls each of which has displayed
a transverse fissure 1m the track and have been shown by the detector
to contain none other, the most dibigent scaich for an additional
hgsure has been without avail  The detector differentiates the mtenior
fissures aceor ding to then sizes

The Spet1y detector opens the way for the acquisition of accmate
wformation upon the stinctwal state ol steel 1a1ls not 1ealized
any other device vet presented In addition to locating transveise
fisswres 1 1a1ls 1n the t1ack, the detector 1s, of comse, available fo1
the exammation of 1a1ls of heats which have been 1emws ed from the
track on suspicion of conlaming mcipient fissures  Fuuthennoie the
Jetector would be se1viceable mn the examination of 1a1ls heat tieated
to ascertain whether such 1ails had mterior cracks oriented after the
manner of transyerse fissuies 01 contamed shiimkage c1acks of mag-
nitude

The Speny detector signalizes the most tmportant step forwaid—
i fact, the only one of 1ts kind—dwming the peiiod of 16 vears since
this 1vpe of 1a1l lriactwre came mto pronunent nolice

ORIGINS OF CIRIAIN FRACGITRFS IN RAITS UNDER DROP 1hSLS

Refeience has been made to the proper 1eading o1 interpretation
of fractured smfaces The first consideration which should be given
tractured matelinl 1s to note the location of the o11g1n ot fracture and
trace the ditection 1m which the Iine of rupture progiressed Hx-
planations which account for the fractne ot a rail must be i hai-
mony with the evidence piesented by the fiactured suifaces The
case with which fractimed smfaces may be read should be familian
to all whose duties connect them with such occw rences

Steel fractures nwsually have thenr onigins defined by easily 1ecog-
mred nucler, from which coanate 1adiant lines  The name “ star-
ring ” has been given such appeatances The extension of a line
of tupture along a naitow section of metal 1s 1llustiated by a fanhke
appealance

Steel 1a1ls bioken by bending tests or under the diop comimonly
show the eaact pomnts at which the fiactmies had then o1igins
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Rails stiucle on the head with the falling tup of the drop fest aie
expecled to have the origins of then fractmes located 1n some pait
ot the base, and when bioken mm 1everse du ection to have then
orygins 1n the head Fractures do not always originate 1n the most
1emote fibers fiom the neutral axis of the 1a1l  In new rails then
or1ging are seldom mn the mosl 1emote fibers

Shghtly decaibuiized sumifaces 1ncrease the toughness of the out-
side fibers and lead to fractules of interior o11gins  Abtupt changes
In cross-section dimensions lead to tractures having then origins
at the fillets of the web, especially m 1a1ls of the heavier sections
Dog maiks m the web have located 1ncipient ponts of rupture A
slight chisel nick 1 a flange will lead to 1upture starting fiom the
nick  Diopping the wheels of a hand car and indenting a flange
will lead to the same 1esult  Small holes for bond wies mmadveit-
ently drilled i the flange will lead to the fracture of the 11l A
change 1 stivctie ol the steel accompamed by the 1ntioduction of
inteinal stiains sucl as the brazing of bond wires at the junction of
the web and the base will lead to 1uptme under service conditions,
some of these featuies having heen previously 1eferied to

Figuies Nos 41 and 42 show the location of fiactwes of some
1a1ls which were bioken under the drop  Stars placed on the cuts
above o1 helow the otigins of the fiactures indicate the locations of
the 1ncipient points of rupture The starning effocts 11 the heads
ot two rails are 1llustiated by Figure No 41, one of which 1s cccen-
tiic, the other at the center of the head Tiansveise fissuies might,
in the comse of tume, start at each of such places It would be
er1oneous, however, to designate these as incipient fisses A silvery
ciescent or suvely oval identifies a transveise flssure The initial
sepalation of the metal at a frangverse fissure presents the same
appearance as the inilial pomnt ol sepaiation of a tensile fest piece
At then perrtods of 1nception tencle test pileces and transverse fis-
suies aile necessaiily alike, each bemg a tensile fiactwe  Shimkage
cracks aie also tensile fiactuies

Figure No 41 illustrates stariing effects in the bases of two 1ails,
and a poition of the smface of a thud 1a1l the fiactiwe of which
orniginated under the head One of the base fiactmes was eccentiie
with 1efetence to the web, and at the middle of the depth of the
flange at that place The other base fiactuie ouigimated at the
muddle of the width of the base, at it lower smface

Avltows ndicale the duections 1in which the several fiactures
traversed the ciross sections of the rails  The cuts do nol cleaily
show the chalacterrstics of the fractwied smfaces swhich on the 1atls
themselves were very pronounced
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Starring effects 11 the heads of twn rails

Fie 41
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A TEW NOIRS ON 1HE FATRICATION O STRIL RAILS

Crtical comments appear fiom time to time upon mill practice
mncluding both the malong of the steel and the 1ollimg of the 1ails
The tiend of such comments has heen to place the 1esponsibilily for
the display ot L1ansverse fissnies upon the steel manufactuiers  The
extreme vagueness and mtangibihity of the comments aite obstacles
to thent 1nveshigation Rails are made m shapes i <tiict conformity
to templates Specifications goveining (hen chemical composition
are met  The amount which a 1a1l shall contiact i cooling f1om the
hot saw to atmospheric temperaiuie 15 often mesciibed A it 1s
at times placed upon theu straightness piior to gagping  Diop
tests a1e made and 4 final mspection for suiface  Thewe ate tea-
tutes which 1ml makeis are called upon to meet If a 1elation 1s
established between the chemical composition and primitive physieal
state of the 1a1ls and thenr endwance of t1ack conditions <ncly 1n-
formation must come fiom the users of the rails  The opportumty
to acquure such mloimation 15 not at the open heaith fuinace ner at
the train of volls of the 1ail mll

The making of steel a» well known 15 conducted on a colossal scale
The handhng of greal quantities of 1aw material 15 an every-day
occutience Necessalily the process 1s one wlhich practically must
be under complete conliol Curient discussions ol open-heamith
operations among steel malkeis 1cfer Lo 1efinement of details not
departmes fiom peneral practice

Firom the oi1e to the finished 1411 the different stages of fabrication
are comclueled with system and i1egulanity  Ore 1educed 1n blast
fornaces Lo pig 11on 15 comyeved to a mixer, a reservon of hot metal
Foir weeks o months hot metal 15 mtermitting charged and with-
diawn fiom the mixer 1n ats passage fiom the blast {mnaces to the
apen-hearth furnaces

At the open-heairth fuinaces the mterval of time 1n making a heat
of steel may 1ange fiom 10 to 11 homs This intervnl of time
meludes thiowing m lunestone for slag-makimg puiposes, charging
cold steel scrap, chaiging hot pig non fiom the miver, fuinace
additions ot ore and flourspar, recatbwiizing metal, and ferio-
manganese when 1eady 1o1 tapping, fennoulicon bemng added (o the
metal when 1 the ladle

Quantities handled 1n malkmg a typical heat would be something
Like the following Limestone, 28,000 pounds, sciap, 121,000 pounds,
cold metal, 14,000 pounds, Lot metal, 103,000 pounds, recaibuilzing
metal, 35,000 pounds
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The precision with which the chenncal composition called for by
spectheations under which 1a1ls ane being fuimished and the composi-
tron attamned are given 1n the example which follows

|
C An F S 51

_ - I N
Composition ¢ dled for O6tto 077 [0a0te 100| 0010 015
Composthon att uned 64 72

| o 0 092 T

The particular heat to which the above figures 1efer, furmshed
50 wngots, 19 by 19 mches each It would be fantastic in the malk-
mg ol this heal to predict its relatron to the wltimate display of
transierse fissuies in the 1ails into which 1t would be 1olled, or whach
patticular mgot of the 50 would be prone to display such a type
of fractme

In the 1olling of the ingots of one heat mto 1ails the speed
of rolls and reductions in the several passes would not be unlike
the rolling of other 1ails of the same weight  If 1ail-mull conditions
exert an influence on the formation of tiansveise fAssures, thal n-
fluence should extend to all 1ails  The 1eduction of an ngot re-
quues the expenditure ol mechanical work, the energy 1equuied 1n-
creasing with the speed ot 1eduction  Work 15 done 1n overcom-
ing plastic 1esistance of the hot melal

In the formng passes the mechanical work would vary m dif-
ferent parts of the cross section ol the denvative shapes The
mechanical work done on steel at the lugher temperatures has hitle
1f any influence on the physical propeities when cold  How-
evel, as atmospheric temperatures are approached the mechanical
wolk done on the steel has a decided mfluence on ils final proper Lies

Throughout the passes ot the 121l null the head of the 1a1l 1e-
mains at a lugher temperatwie than other paits of 1ls cross <ection
T1 cold rolling, 1 the null sense, promotes the formation of {rans-
verse fissuie, they would be expected m other parts of the 1a1l than
where they aie prevalent

Investigations conducted by the burean of safety have shown no
mherent 1eason for attaching 1esponsibilty for the display of tians-
verse fissies to manufacturing conditions, either i the malang of
the <teel o1 1n the 1olling of the 1als

RESULTS OF A QULSTIONNAIRE SUBMITILD TO REPRRSCNTAILIVIS OF LFAD-
ING RAII ROADS AND SIDDL MILLS

That different points of view have been taken by the 1aihoads and
the steel malers has been patent to all  Te aid i bringing about a
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The precision with which the chemical composition ealled for by
specithcations under which 1ails a1e being finmshed and the compost-
Uron attained aire given in the example which follows

C ‘ An F S 81
C omposibion called o 06ttod 77 |06DOE0O 100 OOM0 ) 015
Composition attained (2] 721 031| 0032 16
|

The paiticular heat to which the above figures 1efer, furnished
50 ingots, 19 by 19 inches each It would be fantastic i the mak-
g of this heat to predict its 1elation to the ultimate display of
tiansverse fissures m the 1a1ls into wlich 1t would be 1olled, o1 wluch
particular wngot of the 50 would be prone to display such a type
of fractme

In the 1olling of the mgots of one heat into 1als the speed
of 10lls and reductions m the several passes would not be unlike
the 10lling of other 1a1ls of the same weight If 1a1l-nnll conditions
exert an 1nfluence on the foimation of transverse fissuies, that n-
fluence should extend to all 1a1ls  The 1eduction of an ingot re-
gquites the expenditme of mechanical work, the energy requued 1n-
creasing with the speed of reduction Woik 15 done in overcom-
mg plastic r1esistance of the hot metal

In the foimung passes the mechanical work would vairy m did-
ferent paits ot the cioss section of the derrvative shapes The
mechanical work done on steel at the higher tempetratures has hittle
il any mnfluence on the physical propetties when cold How-
evel, as atmospheiic femperaties are approached the mechanical
work done on the steel has a decded mfluence on 1ls final propet ties

Thioughout the passes of the 1a1l null the head of the r1a1l re-
mains at a lugher temperatuwe than other pairts of 1ts cross section
It cold 10llmg, 1n the null sense, promotes the formation of (1ans-
verse fissuie, they would be expected m other parts of the 1a1l than
whete they are prevaleni

Investigations conducted by the bureau of safety have shown no
mherent 1eason for attaching 1esponsihilty for the display of tians-
velse fissures {0 manufacturing conditions, eithelr m the making of
the steel o1 1n the 1olling of the 1atls

ROSULTS OF A QULSTIONNAIRE SUBMITILD TO R¥PRESENTAITVFS OF LEAD-
ING RAII ROADS AND HTEREL MILLS

That different ponts of view have been taken by the 1athioads and
the steel makeis hias been patent to all  To aid 1 mimging about a
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beiter understanding between steel makers and the users of 1ails and
establish upon what features they were in a state of matual accord,
and by clunination ascertamn upon what pownts differences of opmn-
10ns attached, a questionnaire was prepaied and presenied to repre-
sentatives of leading 1aithioads and steel mills  Replies theteto weie
tabulated and brought before these 1epresentatives at meetings pal-
ticipated n by themn together with the buiean of safety

The questionnane took up matters of fact, 1n a general stalement
of transverse fissules, 1eferences were made to manutactuiing con-
ditions from the ingot o the last pass of the 1a1]l mull, presenting
the subject of gaging, acceptance tests, drop tests, the effects ot aging
on the physical propeities of rails, track conditions and then effects
on talls, on the 1elations of manutactuiing detatls to the formation
ol transverse hssimies, concelning an item in the program of the
Amerlcan Raillway Engineeting Association of 1924 (having 1eter-
ence lo permigsible wheel loads), caibon steel 1atls of higher man-
ganese content, intetiogatortes having reference to a 90-pound 1a1l
m which a layge number of transver<e fissures weire cdusplayed and m
conclusion a count 1n the questionnanre which 1ead “Iave you 1den-
tified any manufactwing condibion (omitting consideration of shat-
tered zomes) which you 1egard 1esponsible for the display of
transverse fssmeq?

Beneficial effects seemed (o 1esult from the presentation of the
questionnane  Definite questions biought out definute 1eplies 1e-
vealing the fact that upon many teatures, those which were most
essential; no practical differences m pomnts ol view 1cally evisted
It was concuited 1n that no {oreign melusions of any kind were at
the nudder of tiansveise fissures, 1uitheimore thal the nuciostiue-
twe of the steel at and m the viemnmity of a Giansverse fissme did
not display any peculianity not found i other parts of the steel
It necessairtly followed that there was no manufactuiing condition
io be wdentified where meither any forelpn inelusion, abnoimality
in sttuctme, o1 chemical composition was to be lound, hence the
rephies to that count of the guestionnane were negative

It 15, ol comse, well known that steels 1n geneial ate stiealked
m some degres and that the stieaks eacit an wnfavorable influence
on some fypes ot fiactme  Slag inelusions, o1 more propeily, sili-
cates are present in acienlar hines which constitute lines of stiue-
tmal wealtmess  Such lines lead to split heads When the <pht
head fiacture 15 vertical 1t does not seem to mfluence a transveise
hssuie  When the cpht head 15 hoirizontal 1t may lead to a com-
pound t1ansverse fissue

o4235—27—7
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The smtfaces of the t1anaverse fissme first shown had lost then
suvery luster and weie daikened, indicating that 1t had 1eached the
surface of the head of the 1ail prio1 to the time of the accrdent In
other derailments of this kind the transveise fisswes had 1eached
a corlesponcing <tage mn then development Stiictly spealking theie
was 4 possihility for the detection of the fissire and the accident
heing aveited, but not & probability of doing so  The engine of the
detailed tram doubtless completed the fractine of this 1ail, although
this transverse fissre had 1eached the surface of the head before
this tram entered upon it how much earlier can not be said

The 1ate o growth of a t1ansverse fissuie 19 a matter of extieme
mportance to acquue wmformation upon, but ebviously can not be
told fiom <mtace mspection Tor a perrod of 16 years—that 1s,
since a transverse fissuie was 1ecogniszed and deseribed as a distinct
type ol 121l fracture-—nformation upon 1ts 1ate of growih has not
been at hand  Opportunity o1 means fo1 acquuning such intormation
appeals to have been pesented some thiee o1 four years ago but
unavatled of | 1eference 15 now being made to the Spetiy tiansverse
fissuie detectol

The detection of transverse fissules mn 1ails m the track and meas-
ute of then ielative sizes seems to be accomplished mn the device
above mentioned Tlis accomplhishment comprises one of the most
important featwes connected with the display of tiansvetse fissures
Tt 15 desnable to ascertamn what degree of severity in seivice condi-
tions lead to the formation of tlus type of fractme Transterse
fissmes prevail m some localities, they aie unknown i otheis  In
locations wheie they prevail the 1elation of defintte service conditrons
to theu digplay has been shown

On some 10ads thenr distiibution 1s quite general  On otheis they
are seglegated within naitow limits, appaiently mfluenced by local
conditions

In 1espect to therr aiowdance o1 avercoming the formation of trans-
verse fissines the oullook 15 not promising  In fact, no encomage-
ment whatsoever 15 presented  Intense study has not vet detected
anv specific cause for then pirevalence imn one heat of 1ails over
anolher of stmilar composition, not why from a metallugical point
of view one 1ail should display a transverse fisoure after a very biief
mterval of time mn the track and another endwie for a long period
It 15 lopical to assume that phenomena of this lund depend upon
something else than a consideration of the mitial physical properties
of the 1a1ls themeelves The factois to be given consideration a1e the
stiains and stresses to which the 1ails are exposed  Ii poof attaches
the causes of fracture o condations of service. no other consideiation
15 necessal y to explain the 1eason {or the prevalence of lractured 1a1ls
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REPEATEFD ALTERNATI] STRLSSES

In 1egulating the loads which aie put npon metals the 1esults of
laboratory iests on 1epeated alleinate stiesses firmish useful mfor-
mation  The basic featwme 1n all engincermg practice 1efers to
the matter of ultimate endwance of the matenals employed It 15
believed theie 15 a it i the ability of steels to endme stiesses,
a stiess of a certain magnitude below which the metal possesses un-
Inuted endurance  TIn 1epeated alternate stiess tests the line of
demarkation between hmited and nnlimted endmance of stresses 1n
steels 15 seetmngly well defined

Illustiating this teature, vsing the 1esults of tests on a steel of
082 eathon content, the tensile tesl of which gave an elastic lumit of
64,000 pounds per square inch, tensile stiength, 142,800 poands pel
square inch, elongation 7 per cent, contiaction of aiea 11 8 per cent,
the 1elative ability (o enduie stiesses of difterent magnitudes wele
as follows

Under 1epeated alteinate stiesses of 60,000 pounds per squate inch,
let an orciinate of 1 1nch graphically 1epresent the endurance of the
metal At 45,000 pounds per squaie mch the o1dinate 1epiesenting ils
endurance would then he 16 1nches m height  With a further 1edue-
tion of stiess of 5,000 pounds per square mely, the orchimate at 40,000
pounds per square mch would have a height of 452 feet, and the
latier without reaching final 1upture of the metal

Cortespondmyg 1esults would no doubt be displayed by steel
whatever positions 1L mav be used Steel 1a1ls have then defining
stiesses below which they would display unlimited endmiance, hut
such loads on wheels would be so low as to precddude then con-
sideration It should be dehnitely mnpressed on the minds ot all
that track conditions impose overstiaining {foices  The 1a1l problem
15 to find the steel wluch will endwe overstiaining forces of longest
duration without rupture  Answers to this question must come from
the track

CONCI UDING REMARKS

In this 1eport cucumstances have been described 1elating to the
accident whieh 1s its mamn subject  The acaident was caused by a
transverse fisswie mm one of the rails of the tiack In the repotts of
s butean other acaidents have been desciibed wlhich 1esulted from
transverse fissures  On the present occasion there was no essential
cifference 1n 1espect to the fractuie ot this 1a1l over otheis which
have talen place The piresent acaident was characterized by 1eason
of the la1ge loss ol Iife and personal injumies which 1t caused
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are most difficult to explam  The difficulties mie enhanced by the
absence of exact lmow ledge of what stiesses are under consideration

Rehable tiack 1ccords yield the most promising data m the final
summation of the endwiance of 1aills Recogmition of what con-
stitutes the most destrable chemical composition mn 1a1l steel must
come from track 1ecords In perishable material gieatest value will
attach to those means o1 the device wlneh will give the earliest warn-
g of impending dangel

At present there 13 no 1emedy known for the prevention of tians-
versge fissmies, cmrrent track conditions bemng consideied It seems,
howeset, that the matter of then defection has been solved, constitut-
mg the greatest accomplishment yet heiralded

STUGULSTIONS

A report of this kind would haidly be complete without appending
some suggestions or 1ecommendations intended to mmprove piresent
conditions A few features will be enumerated which have a dnect
relation to the serviceability of raus, while 1eference will also he
made to some physical phenomena wlach might propeily be made the
objects of advance study

Remaiks will be mtioduced under thiee geneial headings

1 Steel makinp and the fabrication of steel rails
2 Railioads o1 the users of steel 1a1ls
3 Research p1oblems

1 Steel 1a1lx would be mnproved aganst the display of certamn
common types ol fiacture by the elimimation of both internal and
external seanuness Inteinal <tieaks or seaminess 1w the head and
external seaminess at the lower suiface of the base are two ciitical
parts i the cioss section of a rail Improvements at these two
places would prolong the ives of cerlain 1a1ls

Generically sphit heads and base fractwies belong to the same type
of rupture Fach 1esults fiom the influence of a lateral force and
each hasg its 011210 at a longitudinal seam o stiealk

Impinging wheel plessures sel up simultaneous stiaing in two
directions m the top of the head One component tends to fmm
tiansverse fissules, the other to foim spht heads

When lateral flow of the metal ol the head encounters a slag ot
silicate stieak opportunily 1s presented for the formation of a spht
head

In the metal of the base crosswise serviece stiegses 1n the flanges
lead to longitudinal fractures which originate at seams ot laps

After the same fashion that longitudinal ciacks mm the base ate
diverted and foim crescent-shaped 1ragments; hotizontal spht heads
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It may be said that practically all of the ordinary conditions of se1v-
1ce eapose 1a1ls to destiuctive mniluences This member 1 the tracl
stiucture 15 habitually called upon to 1esist destructive forces If
all parts of the cross section of a 1l were exposed to the maximum
stramns wlich some pails are, there conld be no such a thing as track
structures as we now have them  The possility of maimntaiming a
track 1elies upon the 1emforcement ol the overstiamed pottions of
the 1a1ls by the understrained patts

Two prineipal featuies are presented n the tiack-stiucture prob-
lem, one 15 to find the steel which has the gieatest endurance to tiack
siresses, the other 1s the detection of meipient fractuies, whether
they aie tiansverse fissuies o1 other types of fractine The 1eview
of the physical properties of steels mtroduced 1n the precent 1eport
together with the desaiption of those mnherent to all steels cnumer-
ates features wlich me of common obseivation  Tractically all the
vicissitudes Lo which steels aie exposed aile encountered m <ome
degiee by 1atls 1 service Tor the most pait they are teatuies
which manufactiiing conditions do not deal with

Specificatrons goverming the acceptance of 1ails peirforce can not
prescribe against the effects of destructive forces They can only
call for certamn primitive properties in the finished 1ails  If <ervice
stiesses ate confined well within the primitive phy<ical properties
prolonged endutance will be realized Since <eivice stresses of 1ails
do ecommonly tianscend those ciitical himts prolonged endurance
can not Le expected

In answer to the question what canses tiansveise fissiies, the
reply 15 a biief one  They are caused by the mtroduction of inteinal
strams 1n the head of the rail set up by the action of the wheel pres-
sue on the 1umning suiface of the head The internal straing
chrectly mtroduced are stiains of compresston  To resist these
strains of complession the metal next below 1s put mto a state of
tension  Transverce fissmes ale formed 1n that zone ot metal which
15 put mnto a state of tencion  These woirds virtually 1epeat the
explanation which was given 1n the repoil of the comnussion on the
Manchester acadent on the Lehigh Valley Railroad of August 25,
1911

To the query, why do come 1mls display tiansveise fissures while
others do not, o1 have not, the general reply 15 equally bref Rails
differ in then ability to enduie stiesses Ii the 1cason 1< not chonwn
in then physical properiies o1 stinctural state, 1t 15 presumptive evi-
dence they have been exposed to diflerent mders of treatment The
physical propeities ol steel are not meonstant or caprieious, but
questions of durabihity under vaiving stiesses are among those whieh
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ale diverted fiom then couises and form compound transverse
fissures  Vettical split-head fiactures lead to the separation of the
head from the web

These two causes of 1a1] fiactures, internal and exteinal seaminess
furmsh problems for the steel mills to overcome o1 minimize

Shrinkage craclks, 1n the heads and kases of rails, when and under
what conditions they 1each a maximum and ruptuie ensues, essen-
tially constitute a 1cseatch problem

2 The rmlioads oceupy a favorable position to acqure data upon
the longevity of 1ails i respect to the dusplay of transveise fissules
Material 1s at hand for compaiing the propeities of 1a1ls which have
displayed tiansverse fissures at widely differing ages  The problem
1s to ascertain whether any physteal, stiuetmal, o1 chemical factol 1s
responsible for the variable behavior of rails i the tiack or whethe
dafferences 1n longevity aie due to undehned track stresces

3 Resemrch problems specifically 1eferring to steel 1ai1ls, o1 1 fact
to steels 1n general, are somewhat muneious  Basically, steel can be
used for rails, because 1t 15 capable of aequiring and 1etaming mteinal
strains  They ale necessarily both of tension and compiession  Of
what does this common property consist? Can the presence of a
stramn, positive o1 negative, be 1ecogmzed 1 any other manner than
by pernutting 1ts 1elease?

Exhaustion ot tougliness may be 1eached with 1 withoul distortion
of the grtamns By what means can exhaustion of the ability to per-
manently clongate be 1ecogmzed without subjecting the steel to its
Linat of ultimate 1esistance ?

When changes 1n density cecur, what ate the interielations of the
microconstituents 2 These and kindied queries present themselves 1n
studying the mutual 1elations, causes and effects, ot wheels and 1a1ls
Information upon these basic featmes would be a contiibution to the
physics of steels 1n whatever situation his important metal 15 used

Respectfully submitied

Jancs B How e, Engmeer -Physicrst
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