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august 5, 1918,
To t=e Commiss-on

Cn April 1.5, 1018, there wss a Cerailment of a troop
train on the Long Island Railroad near Central Islip, N, Y.,
vhich resuvlted in %tne death of & soldilers snd the i1njury of
€ soldiers. After investligation 7 beg to subnit the follow-
ing report.

That part of tue Loag Islandé Rallroad on whick this accl-
dent occur.ed 1s a single-track line over vhich train movements
are governed by tine-tacle, traln orders, and a manual block
system. From Ronkoengoma %to the point of dersilment, a distance
of about 2.8 miles, the trcck Le stralght znd on a grade descend-
ing 1n the direction the train rras roving, varying from C.C6
percent at Rongonkoms To 0.84 vpercent, butl ending w:ith a short
plece of 0,15 percent. Tae derairlment tcok place on a short
pirece of level Trsc't about 570 feet esst of the foot of the
grade. ke track was 1214 witn 80-pound steel rails, 30 feet
in length, and with 17 or 18 oalr ties under esacn reil, but no
fi1e plates were used, Tr= ballast wae gravel #1d cinders Anti-
Creeners wire used.

The trein involv~d 1n this accldfent g g "restbound passen-
ger train, consisting of locomotive 8% and 12 steel coaches, and
tag in charge of Conductor Jehnston gnd Znginsman Foy 1t left
Carp Upton at about .15 a. m , passed Ronkonkona, 2.5 miles
cast of thz roint of accident, at Z.50 a, n., and was cCerailed
at 2 point about 2.3 miles east of Central Islip at about 4 =. m.,
while runiing at a soeed estimated to have been about 30 milles an
hour,

Trz locomotive and four cers separated from tne rest of the
t“rain and wvere brought to a stop, with the rear trucks cf the
fourth car der=iled, by an cutometic application of the zir
brag s after having run agout 650 feet. The n:xt four cars loy
on their sides on thz slops of the enbankment and glmeost porellcl
with the track, cnd about 500 fzet behinc the heesd section of the
trean.  Th= next four cers were derailcd, ith the excentlon of
the ri:ar truckg of the rcar c:y of th= train, but remained 1in an
uprient positioa. Tae first car ~f tae rear sesction of the train
ned 1ts roof crusned in znd thers wes famage to the floors of all
tnz derelled cars oiag to the crr bodies slidling over the trucks
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Many of the journsl boxes end pedestels were brozen, but there
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Were N0 broXen or loosz theels About 250 f=2et of track
im-edietly west of the initisl point of dereilment was practi-
cally destroyed, while the next 200 feet of treck was so damegzd
£8 Lo reguire e lrrge number of new ties in repairing 2t. The
rzother at the time was clecr.

The cosches in thisg troin wer: whet 1s inown as the T7-54
class, ond were of ligkt stesl construction, 85 feet in length
over £11, with four-rhezl trucks, and weighing about 64,000
pounds. The locomotive waeg en elght-wheel type, hoving 2 total
veight o 138,000 pounds -"hen in working order, itk axle loads
of 51,000 end 50,000 pounde on the rear ené forwerd wheels,
resoectively.

( This was a printad report, =211 figures heve
been removed)

“1gure No. 1 13 2 gan-rel view of the derailed trein,
looking egst. The bunching of the truc£s undar the rear end of
cor No, 270 ig shown by flgure No, 2 There wee domage done the
flooring of the crrs by the drsploced trucks, which 1s shown by
figures Nos. 3 and 4.

Enginensn Foy stated that the traln wes proceeding ot a
eperd hot 1n excess of 30 miles on hour vhen the 21r bregLes apwvlied
sutonatically, =2nd hc then placed the brake valve in lop position
end 1t rerained in thet position until the locomotive stopped.
Frior tec the anplic=f%tion of the brafLzs he had noticed no unusucl
Jar on¢ h~d not neticecd anything wrong with the treock on previous

trips ovor 1t.

Rord Foreman of Engines Ward steted thet he iras rlding on
the lccomnotive vhen the slr btrakes anplizd, snd when the speed
wes reducad to about & miles an hour he got off, found the rear
tracks of the fourth car derailed, and the balance of the treain
missing. In compeny wlth tke concuctor he wont back and found
Tre next four cars turned over on their sides, about 500 fcel
frcm the rear of the hced port of the ftrain snd lying on tae
north eside of the track. He trourht the speed of the trein ot
the ftime of derailment micht heve bezn 31 or 32 mniles an hour.

Conductor Johnston s 1@ ns 1ves riding in tac roor end of
the head coach of the trrin vrnen the derpilrent occurred, looked
¢t his watch snortly after the dz:-ci1lment ond 1% was then 4 2, m.
he estimated the gneed of the trein to hav: bezn 20 or 25 miles
an hour, and a f¢w seconde before the broics were applied he fel.
& little motion in the coar siniler to thet crus~d by golng over
a switch,

Chief Trailn Digpstcher Magee stated that extre 89 laft W.C.
catin at &,22 a. m, ond passed Rorkonkoma, the lret reporting
statlon before reeching the pecint of dsrellment, at 3,80 2. m,
The distence from W.C. cebin to point of accident 1s 16.9 miles,
and as extrea 89 travcled that dletence 1n 38 minutes, its average
rate of sveed between those points was 27 miles en hour. He said
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that the last westbound train over this section cf traclk was
one thet left Ronkconnhoma at 3.12 a. m. and previous te that
there had been five eastbound trains.

Assistant Engineer lleintenznce of Way Willlams stated that
ke reacr=4 the scene of accident at zbout 7.45 2, m. and made an
insvection of the treck, The first Treak in the rail vas about
4 feev 2 1ncnes west cf a rall jolnt, and this rell was brokean
Into 14 werts, 7 of the fractures showlng transverse flssures.
One other broxen rail west of the first broken rall had tirens-—
verse figsures,

Investigation definltely developed the fact that the cause
of the accident was due to the fallure ol tweo rells i1n which a
nurber of tregnsvere= fissures were present. The investigation
of tlhese reils and other relevent matters was conducted by Mr.
James L. howard, enwinssr-physiclst, +hose rorert follows.

Ackaonledgement 1s made of tre cooveration of Mr, L, V,
Morris, chief engineer, and .ir, E, i, Weaver, enginecr, main-
tencace of way, and others of th= Long Island RAailroad, Hr.
A, C. Bh=ad, chief englnerr, and ctnirs of the Pennsylvanis
Failroad, Mr. J. R, Cnderdonk, ensineer of tests, Baltimore &
Chio Asilrcad, Dr, G. 2, Watesrhouse, metallurgist of the Lacka-
wantia Steel Co.; Dr. P. E. Dudley, consulting enginecr, New York
Central Lines, Prof. E. W. Eayword, of the Massachusetts Institute
of Yechnology, end Lir. Paul E. licKinney, chemlst of the Washing-~
ton Hevy Yerd, in the invostigation of the materlal and aid ex--
tended 1n accquiring the data here presented.

RErCRT Cr TEZ ENGINEZR-PHYSICIGST

Two reils farled on the Long Isleand Rallroed, April 15, 181E,
der:ilinr ¢ troop trein, Bound {rom Comp Unton to polnt of em—
barikntioa, at o point about 2-1/2 mil-s =2rst of Central Islip.

The ralls were loceted on the north side of the track, the
fractures of which. togothor with otlier rails which were forced
from the ties at that time, couced an op~ning to be meds throuagh
which rortions of tho treln left th= track and roadbed.

The r.ils were 80 pounds weight, A, S8, C. E. =sectlon,
Bessemer steel, rolled by the L-csaw-nna Iron ond Bteel Co.,
et Scranton, Pe., tar br nds yvon vhich were "L, I. & 5. Co.,
5. W. Scranton, 3,93." Rnil deslenrted as No. 1 wes the casterly
of the two 2nd is believed teo have %oen thes on~ Tirst fractured.
Its h~at numbar vee incorplete and obgcure. T~ heat number of
rell hNo, 2 wes 2814,

Beeh roll diselnryed a nurscr of trooncveorse fissures.  Seven
were dienlayed by r-11 Ko. 1, sad gix by reil o, 2 A seventh
fissure wags suoseqgaently founé in the lettor when the reil was
nicged with e chisel and broken cprrt for convenlence 1n hendling.
The nicking chaiced to be done in the vicinity of an unknown
trensverse fissure walch hid not peached the-periphsry of the
head Uren brecging the rail the line of rupturc was daverted
from 2te direct course, pas=sed through the plane of andrevealed
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the seventn treasverse fissure in thie r21l. In the exominstion
whicn folloved sight additional trensverse fissures were found
in tvo ctner ralls, four 1n ecch, ralls which came from other
rerts of tne rallroad, maxlng 22 transverse filssures in all
vhich were exsmined,

Tre couse of the derailment wes clesrly dus to the presence .
of transverse fissures in riils los, 1 and 2, wnich occupled
posltione adjacent to esrcn other 1n the treck. These two snd
othecr £0-pound ralls rolled by the Lackawanna Iron & Steel Co.,
in th? year 1698, were m~de the subject of examinrticn, which
included t=sts on the physlecsl properties of the steel, on the
state of interncl stroins in the reils, ch mical snalyses, and
etchings showing the structursl state of the metal. The results
showed the rails to b2 exceptlonally defici-nt 1n structural
uniformity.

Zdigure Mo, 5 is a dirgrem of ralls Nos., 1 and 2 viewed from
thelr ravge sldes, shoving the lines of rupture mafe at the time
of der-ilment, 1ndicating those which diepl-yed trensverse fissures
and giving thoir dlmensions Th= 1inz of rupture between sections
El snd EZ, reil No, 2, erhows the positlon of the ftrensverse flssure
disclosed when this rall was nichked and broxon.

At the time of der ilment 1t 1g beslieved that the line of
rupturz first develogad vos thet next the receiving end of rall
No. 1, followed 1n suceceslon by the other lines of rupture 1n
tne direcectlon in which the ftrein treaveled, the leost fracture
made belng the one nearest the loavinz end of rall Ne. 2. Beyond
Thie point the rails i1nvolved in the dersllment were stripped
from the tizs and bent, but none srere broken,

Tne sppearence of four of the transverse fissures dlspl:-yed
by roil do. 1 1s shown by figure Ho. 6. Two of the larger ficsures
had inecreased in size to suecn #n extent that they had reached the
periphery of the head on the geuge slde., They presented ders~
colcred surfoces, og usuel wvith fissures which have reached the
surfece of the head. Tro smaller fissures arc shown on thls cut,
Tnzir surfaces had o silvery luster, not heviang become darkened
by exposure to the cir, No, Be represents the transverse fissure
located 4 feet from the receiving end of rsil Yo, 1, and belleved
fo oe the 1nitiel break in the reil, Ne. 6b, the fissure 6 feet
& inches from tke receiving end; No, 8c, the fissure 10 feet 8
incnes from tne resceiving end, end Mo, 6¢, the fissure 11 feet
2 inches from the recelving end, These snd other fissures wilt-
nessed in thes: rails had their nuclcli located on the gauge side
of the head, .

Filoure No. 7 illustrates two of *the trancverse fissures dis-
plaved by rall Ne. 2. The larser one wne slightly darkened,
having probebly Just reached the periphery of the heed. The
other fissure prescnted a silvery luster., Mo, 7¢ was located €
feet from the recelving end, and No., 7p, 3 feat from the recelving
end of rall No, 2.
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TesSs were made upon four full-length rails and five
particl-l-ngth ra1ls. Th former reorescnted those which were
loceted zn the treck next beyoad those which ruptured at the
time of dercilment, displaying f%ransverse fissures. They were
bent sidevise at the tim=z of dersilwment, bat not broken  The
short-lencth rolles were collected from differ=nt parts of the
roilroed, cach of which hed dleplay~d a trensverse Tissure in
service. Bix heetas at l=cs8t were renreosaented in these ralls,
711 of whkich w=rre rolled by the Lecs-uenna Iron & Steel Co. 1n
tre norths of February snd March, 1808

SJerding teste were mode uander a steas hemner, the rails
resting ucven a V-shzoed block ond banfing then wvith their heads

on the tenslon sicde. The apresrrnceg of tn.se roils afler teg?iqgﬂ
1s shotmn by fizure No. 8. The full-length rails cisplayed g ﬁ&%‘E
proverties, onsz of vhich deflsctel 3 f:2et ritnout rupture. The
short—-lengta rails wrzre orittle In tvo oFf these the eignt
¢a81tionzl transvorse flssures were dilsclosed., [Five of these
eGditzonel fissures ore i1llustrated ain figure do. 8, the sixth
fi1seurs, in the vpecer left-hend corner of the cut, representing
one whnicn occurcsa in the trezck.

Reils Nos. 1 and 2, wien noligked end etched, were shown to
be structur~lly very ungound. This decided lack in uniformity
hed 2lsc been observed in macnining the reil sectlons., Portions
of tne cross cection were spongy, otner parts were hard and
mechined waith difficulty Th~ flengz of one section displayed
irreguler samped veids alone o pert of 1ts length. The interior
sponginess surrounded o central core in the head with estreazecd
meftel 1n 1ae web and upper pert of the bas:

From iaformotion ecouired, it esupenrs thet the Leckewanna
Iron aac¢ Stzel Co., =¥ tre time these reils were rolled, used
norizontal hceting furanaces at tne South mill at Scranton, new
sozk1nz plts having becn intrcéuced leter in the year 1888.
This practice tould l=g? to such indicntions as were vitnessed
12 these cross szctions,

Figures Nos. 1Ca esnd 100 remrcsent cross secbhions of rail
No. 1 No., 1l0a shows s geccticn tnick wes mol:eke” and etcned
witk tincture of ioéineg, It c-meswre foreshortrned in this cut.
No, 1Ch 18 ¢ revrofuction of a eulphur prinb.

Tizures Nes. 112 and 117 renccsent crogs gections of one of
the chort lengtn rallg on which ben’inz tests were made uncer the
harmmer. An ifodine etched secticn ~nd & sulphur print, respec—
tively, ore shown in tnese twe fimures. 4 llght chip had opeen
tazen off the top of the hea? of this rall, in a sheper, before
these sections were polished,

Trhe chemical crrprsiticn of these rails 1s shewn on taole
Neo 1, os follows:
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Tabie No., 1.- Cherircal analysis of rail No. 1 and short length

cawl used 1n bending test

I I ‘man' Frog-' 1 ] !
" Descrintioan '"Carbon'gan'phorus' Sulghur'Silicon' Copper'
1 1 'IPSeI 1 1 | |
Rail Mo 1 ' ! ! ! ! ! '
'Correr of head. . ' 0,83 '1l24'C,053 ' 0.121 ' 0,183 ' C.735!
' Center of head near ! ! ! ! ! ! '
' oweb, .. .o .41 ‘1140 Lc21 Y 041 ! 157 ' 7Ca&!
Short lengtn reil. ' ' ! ‘ ' ! '
"Corrier of head...... ' Bl '39! .c4C Y [le7 ot 157 Y el
'Canter of hsad nzar ! t ! ! ! ! *
U wsb, ! L0 T1ETY 045 ) .143 ! .148 1 . 598!
Rail Ko, 1: ‘ ! ! ! ! ' !
'Uear peripneryv of ' ' ! ! ! ! !
'heal? and base.. b .62 'E0 L0044 ! 053 ! U]
'TroT center core of ! ! ! : ‘ ’ '
"hzod . LAL TR r20 ! Q44 ! - ! !
f ! t 1 ! I | 1
The regults of tens'le tests of lonegitudinsl snecimens from the

Fead of rail Wo, 1 are shorm on Tghic Vo, 2
Teble No. 2.-Tensile tests of specirens from heed of rail No. 1,

(Diameter of etem, C.5C5 inch; length,?2 inches)

1 'ApDroxi— [ I 1 1 !
! 'mete elas<'Tensile 'Blonga-—'Con- 'Appear-!
! Leerotlion "tic 1imit 'etrencth' tion  'trae~' ance !
f 'per squarz'rer sq. ' 'tion ' of ‘
! ‘irich "inch ! 'of ' Trac-
' ! ' ' 'area ' ture
! 1 ] ' 1 1 I
! " Pounds ' Fouads 'Percent'Per- ' !
1 1 1 1 1 Oent | ;
"Ingice T, 020 i MIsTalonn 1.5 ' 5.7 '"Granulat
' To. . 75, 500 1120.0¢0 ' 5.0 ' 8.7 ' Do
‘}1ddle of read . 1E7 500 ‘215,000 ' 10,5 '13.3 ' Do !
! U0... JHET, 000 '102,c00 1! 4,0 ' 5.7 'V Do '
'Cutside V8%, B30 twe.ooc ! 2,8t 5.7 Do
' Do 173,500 '20¢,500 ' 4.0 ' B.7 ! Do !
1 I 1

A ¢rill /16 inch in diameter was us=d 1ln getting the chips
for the anslysis given on trhe first four linee of the above Tab
The results on the fi1fth line renresent toe netal near the run-
ning surface of tke head and lowsr part of tho base of rail No.
1, mix=d together. The results on th. sixth line represent the
metsel in the lower part of the herd and 2long the middle of the
web of tke ssme rei1l. Chips for trese results were teken out
with a snall drill The negative scgregation of the meteal in
rall No. 1 w1ll be noted,
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Ta» trasile tests show~d brittls metal In machining some
ocorts of the reil show-d touaghness, while other parts were woak
and brittle  Rail No. 1, as o whole, wrs irreguler in chemical
compogition and phveical state.

Tne internzl streins in rails Yos., 1 and 2 were mecsured.
Figuree Nos. 12 to 17, inclusive, show the recults on roil Yo,
L; filguree 18 ond 19 the results on rail No, 2 The stresses
1n tL2 hesd and the brse of r.1l Lo, 1, at a distence of & feet
from 1ts reeclving end, ace shown on figure Ho, 12. The shaded
vortiols of this cut and succeeding on-=s incfilcate the cross sec~
tions of tre strivweg cn which the gfresses were deterrinsd. Eech
of thss» etripe expendzd in lenpth vhen Cetached from the re-
maining portions of the reil, showine the n:tel along them had
b=en in a state of comprzrsleon ~r2n the rai1l vee intact., The
gtresszs revorted are posrd uron o value of 30,000,000 nounds
per square lnck for the modulus of elastlcity, the strains veing
meastred ol gauged lenegthy of 10 incheg cech

rioure No., 13 ghows the streins which were disclayed by the
netal or the heed ond the values of the stresseg in the base on
a scetion of tThe ro1l 2 feet frem 1%s recelving end. The strains
in the heed are not converted into thelr (crresponding stresses.
Those entrizd on the dia~rem represent the strsins which were
disnlayod when the head was turned dowr to a diameter of 1/2 by
% 1nchvs long. Taey were the chronges in length which occurred
cftor the hesad hod bren cetecned from thne veo and base. It will
be noted thet a contraction in length occurred on the top of the
he~d :nd -long the gauee side, vhile the mrasurcments on the out-
side of tli» herd and next the web snoved nn expansion in length,

The disposition of the stroing in the interior of the head
were indicrted by th-se mzerursments,. The relief of internel
straing of tension cocurred on the gauge §51de rnd upper port of
the herd, with strans of compression relensed on the outside
of the head and next the wob, The moximun tension in the head,
vhen the rril s intect, 1es tnerefore el some place on a dia-
gon2l line leading from the cent-r of the hecd to tne upper
corner on thc gauge side, crocsing th= locality in which meny
trancversc fissurss have thaix» nueled.

Taere vrs a chonge 1n t“* Gimensions of the head when 1t
was dotecnad from the veb, most proounced along the top of the
re1l., The reug-d loneth on th3 “ov of the head showed an ex-
tengion ot $.0029 1nch.

Ficure No. 14 shows the struesses in a strlp from the middle
of the hcnq 21lsg the stresscs in the flanges. The atresszs 1n
the hecd U*P“ in tensicn, thoss in the flanges were 1n CONIreg8s10n.
There 1c diffrculty in escertcln¢ng tne stnte of strain in the
interior of the heed, owing to the resdjustment which cceurs
11 tne metel whenever eny mart of the cross secticn is removed.
It 18 rrcoabLe that the values reported are 1n aost cases con-
servative ones, Yhe tntensity of the stresses lccally exceeding
“re reportad vslues
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Figure No. 1& showus the stresses i1n a section of the rail
at 1ts receiving end. Measurevents on one of the strips from
the head vere lost on account of an accident in machining. The
stresses in the flanges exce~d=d those witnessed 1a the flanges
1n otner parts of the rail. The fisning surfaces in this vicinity
na¢ bzen heroered by contesct with tre splice bars. To this pein-
lng action the higher values exhibited by this section of the
rall are ascribed.

Tivure Mo. 16 shows tre strains released 1n tne head of the
rail when Cetached from tre base, taken on a section located
E-1/e feet from the receilving end. Tre upper clement expanded
0.0030C 1inch while the under side of th~ read contracted 00,0024
inch on cach gauged lengzgth in the fillefs. The gauged lengths
on the sides of the head wers just above 1ts neutral plane, each

xpanding one-thouscndétn of an inch. These mezsurements revre-
senat the filrst stage in the exarilnation of this ssction. They
wer: foiloved by the determination of tae internal strains in
the striy of metal from Tre middle of the head, shown by the
shaded escction of figure No. 17. The metal in tThis part of the
head vas 1n an initilal state of tension, excepting the outside
edze of the strap. The tension was greatest at The edge on the
gaug. side of the head, while in the viecinity of the nuclel of
transverce fissvres 1t resched a value of 7,660 pounds per
sgrarc iach.

il

Twe sections of rail MNo. 2 were exemined for intsrnal strains,
the results of which ere sghovn on flgurcs Nog, 18 end 12, The
etresasce on a saction 2 f=et from tne recelving ¢nd eppear on
figure No 18, the resultg on a ecection B Feet from the recelving
enc sppeering on ficure No. 12. The exemination of the latter
gsection wreg carrled out 1n substeniclly trnc same manner as the
corresponaing section from reil o. 1, shown by figure No. 13.
Theess internal strein det-~rminsations completed the exarination
of rails Nos. 1 snd 2.

It was clzarly estrblished tret tlks deocrailiient of the troop
train wes ceused by the failure of thees ralls, ond that their
Tailure was due to the pregence of trensvearse f*ssurps which
veakened their resistence, resulting 1n Toas ture under the

reight of the dzrailed troin.

"re ro-ls nad been 1n service for o neriod of 20 years,
To cutrrerd cpoeersnces thel wrre good-looking rails, little
wear hed Taxen rliace The sghenes of tke heads showed btut 1llttle
distortion, y=t "itn;n trem destructive transverse fissures had
devzloped. Over itat intervel of tims these transverse fissurcs
ned¢ been in exzstence, or toe rate of their develepm=2nt, 1s not
snovn., In the lsboratory thne foilure of bhers under rspeated
stresses, wcrking undsr constant loeds, progress=s very r-pidly
efter vre first symptoms of ruvture appear, and brrs which have
endurza lesser losds {or a long time feil very promptly when
algher loeds ¢f sufflcient magnltude zre eppliled.
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Tnese rails h.d cooried the lighter traffic of the reilroed
for & seriod of time without known examples of transverse fissures
navirg ~ppeared War activities ineresaced the traific some seven

te ten fold in thz amount of tonnege currently passing over themn,
vith a considersole inerecse in the weight of the cquipment, con-
ditions vhich not unlik:sly contributed toward th= formetion of
trensverss fissures and accelerated the:r developmont.,

Wnile the intervel of time beiween the ilnception of a
trarsverse fiasure snd 1ts finel development can not be stated,
cne of the compenents which 18 held to lead to this typve of rup-
ture Tey be of long ¢uration. The intornal strains in these
ratle were doubtlesc of long st-nding. OJold rolling streins
are gcqulred very nromptly vhen rails are wut into service.

They are perm~nent in thezr cherscter, revaining in the reils,
whence they ersn not b= diglodzsd, slthough they admit of change
cf position #nd mammitude,

The rhysicel zxsrin-tion srhowed these r=1ls to be very un-—
souna. Seldom 18 metel so defretive *ritnesss~d 1n raxls, Whether
this circurstrnce aceeleratedl the forrmotilion of thz transverse
fieeurss or retard»d tnoir progress of develonr=at, or was =
negligiple Tactor car not bz definitely stetal.

The retal was 2o doust def-ectivs a2t t2 tine the rails were
rolled. Tke r«ils heviag beea in service for & period of 20
years befcore aisployine thege tronsverse fissures would lead to
the 1nfererce thet tne delsctive strie of the metal had hed
slzght 1..fJuence, 1f any, on the develooient of the tissures,
and that %rey hind dovelosed when traffic over tnemn ineresscd

and for that ror-son,

Tre gtructvrel unssundness of the notel unoucstionobly
detrncted from 1ts streagth iIn o crosswise darection, anc veric-
tions 1n streagtn in the direction of 1ts lengtin lowered its
Tensile strengtn. Trere vas o considerable mergin, however,
beltween the elssetic 1iTit of the steel, oné the sum of the
interral stresses anc the direct bending stresses under treoin
loacds, rs the 1l-tter are understcod to pe. The nmargin between
the vorzing stresses =nd tre eleostlc limit of the steel 1s the
faetor whickh hns most to do with retrining the integrity of the
metal unlrpeired, What dventeges accru=s from high tenslle
gtrength and ~oility to drsnley o zlven elongation or contraction
of area in th= tensile test wnen referred to the endursnce of
rallg under serviece conditions, ar~ yet obscure mrotters.

Tke »regent rails aflordinc such vronounced exXsmples of
defective steel, at the sere tiv s o=ing coupled with a long tarm
of servise before Aispleving trrnsverss fiesvrrs, 31ves emphasis
to the guery whrt influvence trn> gitructurnl unscuniness may have
kad in accelerating cor retrrding trz lnczptioa ond rete of de-
velorment of th-ez trensverse figaur~s. Judging from the pre-
gseat exhiblt, the lesser nurb:r of treoneverse flssures reccrded
p8 hsving occurred in Pesgerecr ve1ls over tross wade of open
hearth steel, crn not owe their comwerat-ve irmmunlty to the
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excellence of the z-rlier product of the Begserer DroCesg, nor

mor= sneclfically tc the cesting conditions then in VOgue. It

7Y bs possible thet a certoin looseness of structure in the

zone of transverse fissurcs ill permit the metal to respond to
Internal strrins without starting sn incaipient fracture. The
Drevelance of transverse fissures in steel gtructurally sound

cné of sgtigfectory chemicel cormositlon removes from consldera- .
tlen tne suggestion that esupqti 12y unsound steel must be pre-—
sent in crder that a transverse flscurs may be developed.

Correlated dnte will b= intrnduced, presenting rcesults
bearing urasn ths dieplay of trencverse filesuree together with
iiluetrztions of features assccirated with the interredaate
phases through which steel pesres, under service conditicns,
from the tlme of i1ts fabricaticn untll rupture ensues when such
an ¢veal occure, folleciwred by remarks reviewing th- general sub-
Ject of transverse figsures.

An exgrinetlon weg 1.¢° of -~ 100-pourd Bessemer rarl which
fractured ofter a tert 27 ssevice 32 1A years in the track, dis-
rlayins o traasversge fissurc., fTre nternal stresses in thls rail
are showi by Tigures Noa, 20 aac 21. Referring to the rosults
presented on figure Ne, 20 tarce gauged lengthe were egteblished
on ecch sife of the head, as inclcated by th- witness maris, The
Internal etresses in the astrip fros She outside of the head renged
from 2,900 pounds per scucre inch at the lower corner to o raxi-
mua of 17,700 pcunds per scusrz inch at the upper corner of the
need at the nutslde of the reil., A cumulertive effzct 1n the
str-ins introduced, resulted Auring the frarrgetion of the fin
#long t.o~ upper chrner of the head nn the cutside o7 the reil.
Examples o ve opesen met in wnich lewer internal streins were dis—
pl 7e¢ 1n this rart nf the hea” thea frund in the oppoelte corner,
Tre results are 1nfluenced, irithcout (cubt, by the ranner in whicr
the heel pressures couse tPe flnir ~f the wetal t~ toke plnce,

Figure No, 21 shows the stresces found in a strip taken
gernss the middle nf the heed, in vhich streins of fTension were
Clsplayed.

]

Since the intermrl strrins sh~wil by the strips from the
g1des of the head in the preceﬂln' trure, abresst the places
vhicn here shou Tension, were »7 ,PLess;Jn 1% is evident that
resi®fusl streins vere left in troe stfipﬂ in nae cr in both cases,
The - eximum velue hsre shomn, 3,600 pounds wer squars inch fen-
gicn, 1s prroably a diminisned ﬁnﬁ havinT 2ccenme so under the
irnfluence of the surfsce retel ot tn2 si'=zg of %he head. .

Ficuraes Nos, 22 and 23 renresent croegs sectlone cof this raxl,
Figure No. 28 128 a foresshortensed visw of a section »f the reil
which w:s polished and etched with tinecturs of iofine, Figure
Ho. 2& 1s a reprnduvction fre— g sulphur print, The stete of
structursl unsouncness of the metel 18 shown in esch of tn=se
1llustretions,
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For a direct deterwination of the internal strains intro-
ddced oy vhee' pressures, oossrveblonls were male on & 100-pound
raii, =, R, A ~B section The oriminel length of the rail was
o0& Teet. KL 3-fyot section was cut off for prelininary tests,
the emaﬁnlﬂg part belng cvt inte twe 15-foot lengths, anc those
learthe were Jald 1n thé trece of tre Balbimore & Ohio Reilroad
on the uognoliz Cut-off. Cne 15-foof section ves loid on bridge
Vo. &80, whkerc 1% rested upon 13 oalr fies, of 6-1nch facese each.
Tre other Ll5~Toot lengtn ves lard on stone-baliasted roadbed,
resting a-on elght oak tiee witn tie plates They were orn the
nortkh szde of the vostbound track, within & short distance of
cgcr otner, Trey were laid in the treca August 23, 1918, and
removed June 12, 1917, sfter sn intsrval of nesrly ten months.
Luring thig per:od the tonnege pzssing over them gmounted to
€Z,8E3,000 tons. This was a C reil, the mold snelysis of whkich
heat showed the follewing composition, S, 104

C. 64& ¥n. .EE F. 030 8. .7*C / Cr. 22 Ni. .60

The results of tne msecuremnsnteg of tns primitive internsl

strsine in tkis rea1l, upon plecer of the Z-fpot length, were
incorporated in tho revort under fate of Februsry 12, 1817,
oerteining to en aceldent vhich cccurrcd on the Galverton,
Sarrisburg & Sen Antonlo Farlvwey neer Iser, Texes. Flgures
Noe, 24 2n? 25 or: yzorodre~d from trnot report showlng The
priritive gtressee wvhich were in th= rril, These renresented
the coV.iing straing of fzbricat-on.

Fieire No, 26 ghowe tre rennor in wrich the two 15-foot
lengthe were cut up for exrminsztior a2fter their removal from
the treck In n731tlon to tre doterminetica of the internal
streins pCo dred in the trock other t-sts vere conducted, forming
g pert of ize genergl inoviry into the physicel changes whlch
teke plece 10 reil'ay moterinle ané which say i7p:ril tneir safety
in service,

1zures Nos. 27 to &8, 1nclusive, refer fo resulfs obtaihed
uron the 1le~foct lencth vhaick wes la1d on bradge 39C, Figure No.
27 ghows the streseges which were found in th: secltion ma Tked 3
of figure Ko. 26. From & ne-tral stste, 1n the primitive tests,
tile metsl at the top of the head ned ecquirad strerses oI com-
prgegion of 9,000 <nd 10,200 poan&s per scuare inch, regpsctlive—
ly. The stresres 1n the bese which penerelly retoin thelr primi-
tive veives were not modified 1n en unususl degree by service

concitions.

Tne ueuzl menaer of detecring the strips on which the streins
were Measurzd vas modified in scction marked 4 on the diagram, the
fincl results of which sppesr on fieure No. 28, The sidegs of the
heed vers plaacc off of t .1e s-ction, the flaongee of the bese
were cetoched, &nd tret prcrt elso prlaned off in width, after
whick the web wse cut apsrt, followed by rlening awey the melal
from the stripe representing tne top of the head and tne lowsr
sidz of the base. Chcnees In the lengthe of the strips at the
head end the baese attended eech reductlon in the crose seclions
of these parts. At an interTtcdiste stere the streins in the
bose represented 4,500 pounds per scucre inch teneion, tae finsl



resulte oa the strip shoving 2,100 pounds per sguare inch
compr:issicn. The irterm:diate chanres showed the rclaticns

which <xisted from steg> to stcge between the interior metal

EnG toct of the surfece on which the gauged longth i1e esteb-
lished Informetion upon the location of the zonee in which
etreineg of tension ¢nd comrreselon res gpectively reslde, mey

be eccuired In thie meaner, »né =n approxj'nc ate 1dea formed of .

the Tewnituds of the interrel etre-irs irn different perts of the
crogs section

A rreogreogsive clenge 1n the meopnitude of the streins occurs
in prsezng from one part of the crosf section to rnother. Nor~
Tzl cooling would be exnected to frellitrte = symretricel srrgnge-
T2nt of the internecl strains trksa cbout » given exis, which
sezrvice conditlons, in ail provecilzty, disturb

Two velues for tre strese:e in trhes strin from the heed of
this sectzon are zntered on dircrem o, 28, Tris etrip assumed
a convex srepe vhen the retel below 1t h-d beesn plened awsey.
Chord messuretent on the strip 1n ¢ free stete 1lndiceted =
str=ss of 17,700 pouncs per sguerse .nch compression., When
forczlly reld strsight, tae strip showed & vslue of 14,70C
pcants per squere anch oompress:on, The chord mersurcement 1s
belizved nore closely ths sctual strees in this part of the
rax

The section of the reil merked © wes subjected to endwise
onpreesion. 4 totrl lo-~d of 600,000 pounds wss epplied, in
two steges of 30C,000 eszcern, 121 succession on the hecd end upper
psrt of t..= web, snd tre lower he=1lf of thc reill. Thie endwise
comrpressica emounted arproximetely to 81,000 pounds per squere
inchi., It exce=ded the elestic 1liTit of the egteel and effccoted
¢ snortezning of the gruged lengthe, exceptlng those on the lower
s.rfzce of the bese, ecch of whicl showed & slight increase 1n
length. These permenent sets ~re entered on figure No, 29

The interns] stresses found in tris seccticon efter endwise
corpregelon sre entered on flzure Yo. &0 Fo decided modiflca—
tlon in their megnituce or relatlions resulted from thre treat-
ment. It will be recognlzed thect the probler 18 » Gliferent
on=s when tre sntire cross s=ct:or or tke grester port of it 1s
overstreined thrn when locrl overstreinine forces are rpplied.
Date upen tris festure sre incovrnlste. Locel overstreining by
tension or by corpresrcion introduces lntzrnel streins or modifies

preexistine ones.

Szction merked &, ¢ 5-foot lercth, was supjected to trans—.
verse londs It wes cupporteé on tlocks 4 feet apert end leoadec
et the midcle. Twelve geuscd lenetns of 1C 1nches eeclh were
established on different elerents of the heead, web, and bose
on wnich perimanert sete were obgerved efter ilncrements of loed
WETE quplled and relsaced, Loads were 2pplied in 1acrements
of 1C,C00 pounds per sguare incn filber stress and advenced to
£ m¢x1ﬂum cf 130,CGC0C pounds fiber strees witr the head of the
1211 on the +91‘15101'1 gic¢e, The reil waos thon reverssd end loadz=d
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itn tns kzod on the compressior. side, Tre sare ineretents of
load wires sr.lled 25 bafore, Glscontinuing the test, in this
posztion, ¢t 40,000 rounds per sguere inch fiber stress. The
fibir stresses mentioned refer te thre metsl 1n the head of the

rail,

Taes results at four stagcs of the test orc presented.
Dlagrers Kos. 31 to 34, inclusive, snow the oermsnent sets

after loccs of 60,000, $0,00C, end 130,000 pounds per square
lack, respectively, the head of thez reil being on the tension
side, £1d on the last dlszgraw of thls group, the sets which
occurred vith the reil in reveresd position =ith tne head on

the compreesion side, after o logd of 20,000 pouands per square
Inech hed oeen applied. The slcstic limit of the rell in the
firgt positien vaes in the vicinity of 60 000 pounds per sguare
inch, Permenent sets beran to erpear ot tris loed end gredually
increased under hilgher increr-onte of streca. Attention 1s called
to the permsnent sste disrleyed on the Yo gsuged lengthe ot the
top of the herd after a losd of 802,000 pounds, their increased
velues after 20,000 poundes hod been epplied, and thelr velues
after 20,000 pounds per suvere inch fiber stress had been epplied
in revers:zd porition, a mexiTur stress of 130,000 pounds having
been epplied in the meentite. In reverced positicn the permnanent
sets ofter 20,000 pounds were epplled resched substontielly the
gamm> emcunts -s at ©0,000 pounds et the tiwe firet loaded.

Lfter this rell Yol been gilven decided permenent sets with
the hesd on the tension zide i1te elestic limit in the opwosite
directicn was very Tvch afifected. It wes lowered and permenent
sets introduced by 20,000 peunds fiber stress of substenticlly
the s.me o~ouats as the sete efter 90,000 pounde per sauare inch
fiker etress in the first noeition.

Tress tests 1llustrate tne effects of overlcasds on the
clestic liTit of the stesl vhen strained 1n reversed dirsctlons.
After this reil hed received declded vermenent sets with the
heed in tension its elestic linit in the opposlite direction
wes reCuced to a low velue, necrly eliminated Errlier labora-—
toery Test have shown this to be the ususl result of overstrsining
steel, Thnas feature offzete thot pert of thke razl which is over-
strained by the 1rpinglng prescarss of tha vheecle on the running
gurfece of tlre head,

rigure No. 325 shows c-=rt-in of the siresses whicn were in
section marssd 7 At intermsdicte slteges the streins in the
etrip fror the mlddle of tne brse were reversged from tension to
corpreseion, coveriny in thie reversol s renge of stress of
£,100 pounds per souore,

On ficgure Jo, 36 ere zntered the stresses found in five
¢le~ente along the running surfoce of the heed, section merxed
8, also thoee measured on the bese. A meximur velue of 17,700
pounds per square inch corpressicn wee CGisplayed by this section
of the reil which wae leid on bridge 390, this velue being 1den—
tical with the corrésponding elemert of esecticn Terked 4 of the



sare ra>r_ length

The measurevents made on the first 1l&-foct length were,
for tse most pert, duplicated on the other half of the rall
wkhich »cg 1218 on stone-besll-sted treck, the resultes of the
latter teing shown on figuree Moes. 37 to 47 inclusive, .

Tne stresses 1n gectlon marked 13 are entered on figure
o E7 At the top of tre head stresses of 1&,5CC and 18&,C0C
pouncs per sguare inch were found, values which are seen to be
higker tran tke corresponding ctresses in the half of the ra:l
leid on bridee 320,

Triz results =sntersd on figure l'o, &8 refer to section
narked 14, and corresvoné to thoee of figure No, ZR. The siress
at the top »f the kead agaln exce ced that of tle other rail
l=neth.

Tone tr=atmeat of seccticn merved 15 differed from trnat of
tns corresronding scction 1n tre other 15-foot length. This
section vas successlvely annecaled five times at a temperature
0f1,4C0° F., with a si1xth annseling at 1,45C° F, The ne-ting
and cooling wes done slowly, in 2 closaed tox. The aggrscate
fime of exrosure to meximum temgperatires wag arproximately 20
to &4 rnours.

A progressive shortenlag of the rall resulted from each
period of anneallng, which ultimately reached a msximum of 0.C302
ineck on one gzuzed leangth, The results on cach ¢f the 11 gauged
lengtrns vz entered on figure Ne, 32, Detacned strirs from secticn:
maried 3, 4, 7, 8, 13, and 14 were annealed in the same box witn
the full section  The strips contrscted, but less in smount than
the fall section. Five of the detsched stripe were in a state
of initigl compression ané one in s state of initial tensicn when
they were intepral parts cf the rail, It appeared from their
subsecuent behavior tlkst trke primitive state of stroin did not
centrol tre tendency to centreet in length which each displayed
when exposed to saneeling temperatures.

The amount shortened by tke annealing, 0,C30EZ 1inch on a
gauged length of 10 inchesg, would 1f 1t were sn elastic movement
rerresent a comrresclvs gtress of 82,600 pouncs per sguare inch
If reesrded as & perrenent set, caused by endwise compreseion,
1t exceeded several times tr2 et crueed by a2 lcad of 602,000
pouncs per eguere inch Referreéd to s f»l1 ral) length of 23
fzet, this coatraction represscnts a totsl shortening of 1,2 .
inches, UNMotwlthetanding theer relations, i1ilustrating the
slgnificence of such a chenpge Yn length, 1f acceomplished by
other meoans, trhe result wee a r~li-f to tre internal streins.
They wers reduced to necligible valuee., Tre ellmination of
internal strains was practicelly rccorplisked by the annealing
cperations, although attended with & declded recuction in length,
The values of the residval stresseg 1n thisg section of reil are
entered on figure No, 40



A grous of four dirgrems, firurcs Nos. 41 to 44, inclusive,
snov p.rrancnt gets, the rcsulte of treneversge tests msde on
sectlion merxed 158 The tests were carried out 1n tne same
Tanner s tnose on sescltion marked €, the results belng practi-
cally tre sare as before witness:zd, Tne effcct of overloading
the rail 1n the one direction nearly or quite destroyed the
c¢leetic lirit of the metel i1n the orposife dirzction, as
nreviocusly otated, Th.e change 1rn state is dcubtless confined
to tne outside fibers, that 1g, to thcse which are near tre tor
ard tne botiorn of the rai:l. Thoce nearer the neutrsl axie, not
overstiralrned, are ex.ecled to remain with thrlr original proper-
L.es uncistvrbed.

Figure No. 4f shows certain of the stresses which were in
sectlon marged 17, corresponcing to the reesults obtalned on section
merzed 7. During the period of cutting up tris sgection the stressee
1n the web reversed frorw teneion %o compression, whkile those at the
r1ddle of the base were higher in tension &%t an intermecCiete stage
trem in the fanal strip.

figure No, 46 snows the streecses on flve elements elong the
running surface o7 the heed of section rerked 18, The maximum
velve Ai1eplayed by this section, 21,6800 pounds per sguare inch
compression, ckenced to be ldentical wilth That of secctlon marked
14 of the same rall lengsh, se those were 1denticel In secticnsg
marked 4 and & respectively but with & higher value in this section,

. Faipure Vo, 47 sghove tae gfrecces 1n ¢ strln across the mid~le
of the h-ed, alsoc tkose in the flances Tre strzeres in the head
were all of tension, Ag previously renarted, leocsl strains in the
intect secuion of the rzil doubtlecs sxcerd thie values reported.
Nevertheless, these measured strains reonresert a range occurring
in the uprner part of the head from tension %o compression of 25,70C
pounds mer sguare inch within a zone of metal lese than 1 inch deep,

It v1ll be noted that the internal stresses in the section
of rgll fror tre bsllasted track vhere higher than thosc in the
section of rail that was laid on the bridese., These two half-rail
lengths occupled positions in the track close to each other., Each
was exposed to the eame weight of eguipment, %to the same speeds,
and tke same tonnace. They are tke first rall lengths which have
furnished opportanity for comparing the effects of traffic on =a
bridge with thet on balliasted track It is expected that other
determinaticns of this kind wili follow.

Since the internal strains are cormponents of the total
strains to whichk the reils sre subjccted, more complete deter-
Tinations cf their valucs are metters of interest. The informa—
tion thus fer ccaulred avnpears to show thet rails esre stralned
higher then other classes of enginzerinz mater.als. It is 1m-
portant to ascertain row intimately thie feature 16 assccleted
with or hes a vital Influence upon the annual nurber of broxen
ralls.
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In congunctior with the annesling tests on section marked
suxlliary teets were made on & number of hot forged bars of

TR
reil steel and other gredes, the chemicsl analysis of which were
s follows:

Degcription iCarbon.Manra-. Phos—.Sulphur:Silicon.Chro-:Nickel, .
: nese .phorous' L Mium, :
ne1l stesl : . . H
bers . 0.6356. 0,67 : O,0R1 : 0,080 : 0,095 . 0,35, 0,867
Lov~coroon . . . : :
bers W27 . L34 0 028 015 15 o, e o b
Chrome— : . ' :
nickel bars. £ 43 L5 T 030 ¢ 014 - 10 . 88, 1.92 :

The rcil steel bers were foreed down from a 7-1/2-inch
bloom, taken from the middle of the length of the ingot. Six
bere, 1 inch square esch by 12 inches long, were treated es
follows, The flrst bar wes finished 1 & high forgirng tempers-
ture, the second 2t a low ferging terpersture, the third wes
finished vhen neerly black hot, These thres vers gllowed to
c00l neturslily 1in the pi1ir. Three other bers were crewvn down at
oréinsry forging terperstures, one of which wzs cooled by an eir
blest, enother by ausnchkineg 1in oll, #nd tre= other by quenching in
woter.

The bars of trls group were snresled in succession, at
507, 1,000°, =nd 1,480° F., recpectively. They were meesurcd
2Iter erck noriod of annesling on rach of tneir four faces. In
reepect T, tae effects of the lower temperatures, the brrs re-
solved tl:aselves lnto two groups. Those which were finished
at cifferernt forging tenperatures end cooled norrally in the eir
ané the Ler which wes cooled with on zlr blast remained practi-
cally unchanged 1in length after exposure to the tveo lover anneal-
ing temperatures. The brrs which were gquenched in oll and water,
regpectively, were, on tne other hend, sffected by ezch of these
temperatures. They were appreclebly shortened 1n length after
drewing at 506C° F., snd were 8tlll shorter after exposure to
1,0C0° F, ALl were shortened by the higheet snnesling temperature,.
The diminuticn in length between 1,CC0° e¢nd 1,450° F., wae about
the eare in esch bar, the totel divinution being greateat for the
o1l and water guenched bsre since trey hsd lost in length by
earlier exposure to the ftvo lover errealing temperstures. It will
te rnoted that the oll and water quenched burs were effected by
temperatures below the rrcelescence pesriods.

Two cubes marked A ond B respectively, from the same bloom .
as the zbove bers, were drawn down under & forging press and =
finlered 4 inches full on e side. Trey were esubjected to snneal-
ing 2nd gquencning operations; the chenges 1in dimensiens resulting
therefrom being observad on 28 gauged leoagths of 4 inches each,
established on the sever.l faces of th= cubes,

Cube marked A was annealed at 1,450 F, Thils resulted 1in a
decided controction in dimenslons, ODDosite to thet in vhich the
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metel had been forged. Lengthwlge the mesn shortening wes 0,0022
inch, crosswise 0,0003 inch. Thet 1s, seainst the dlrection of
forglng the contraction wea over seven times thet which took place
in crosswise or girth dirmensions, these messurerments being texen
acrose the wlddle of the faces. The gouged lengtks et the corners
were affected less then those slong the middle of the fecee, whille
one end-showed several ten-—thousandths of an inch expension,

The cube was next heated to 1,45C® F, and quenched in oil,
vhereupon an lncreaege on ezch of the geuged lengthe ocecurred, but
without speclal reference %o the direction of forging. The pre=
vicus shortening which attended the annealing operation was over-
come, leaving the cube with larger dimensions on each gauged length
than in 1ts originsl forged condition, Concerning the chenge in
volure = definlte statement does not admlt of being made, based
upon tnese reasurements, since the several fesces of the cube dld
not rerzin plsne surfaces, each wss concave at the termlnation of
these tests,

Cube B wes guenched in o1l frowm a temperature of 1,45C° F,,
resulfing in e declded increase in dirensione on certaln of the
geuged, lengths, wilth o livlted decrezse on othere, The corners
showed greater changes in lengths then slong the middle of the
facee. The renge wes fror G,008€ inch expeneion to 0,0013 1nch
cantrection, on 4-inch gauged lengths, This cube wes agein heated
to 1,450° F, and guenched in water, resulting in further changes
in dimensions. Referred to lts originel forged dimensionsg the )
meximum expension wes C,014% inck, tke meximur contractioen 0,0060
inch.

The fluctunticns in dimensione after oil cuenching were less
than those experienced by cvenching in weter. It 1s obvlously
lmprecticable to simultaneously ocuench the six frces of a cube,
and however brief the interval of time of immersleon ray be, some
perts vwlll be quenched in edvence of others, The corners 2nd edges
naturally cocl esrlier then the wilddle of the faces. These con—
sideratlons zccount for some of the Jdifferences in the results
vhich were witnessed, There heve been suggestions of heating and
quenching relle a6 a manufecturing operstion. The data here pre-
sented show some of the effects which attend euch operatlons,

The tests on tre low cerbon and the chrome~nickel steel
furnished results of a parsdoxicel nsture,. The chrome~nickel bars
gonforned-in behevior to the.rsil stegl, while the low carbon steel
displeyed opposite cherscteristics. The laetfEr &dnthadted tn length
when heated end guenched, whether in oil or in water es the guench-
ing mediuri. The several bers were hested side by slde and quenched
ir the same mediur, yet one xind of eteel expanded and the other
contracted in lengtn, In tne forging operatlons, the bere were
reported as having been treated clike, In behavior the bars stand
in opposition to each other, the explanstion for whlch attaches
to differences in chemlcal composition or toc some sntecedent in-
fluence not known.
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Cne cof the chrome-nickel bars wag heated and quenched three
times, with perlods of annesling between the filrst and second
quenchings. The first quenchling was 1in an o1l and water emulsion,
the second in plein water, the third in brine, each cuenching being
from a temperature of 1,45C°® F. This treatment was attended with a
rrogressive gain 1In length, not effaced by interredlate periods of
annealing, which finally resulted in an expansion 1n length of 0.0'76.
inch in 10 inches. The bar remained intact, withkout cracking. To
return this bsr temporarily to its primltive length, provided it had
80 nigrn an elastic limit, would reculre a load of compresglon ex-
ceeding 200,00C pounds per square inch., Expressed 1n thousandths
of an inch, some of the observed chenges 1n length seem of minor
importance, yet they etand for many thousand pounds per scuare inch
when converted into thelr correspondlng stresses.

Additional examples of transverse fissures displayed by
Bessemer ralle of 100 pounds welght sre ghown by figures Nos, 48,
42, snd 50, the chemlcel analysls, representing the metal in the
upper corners the heads, of whleh were ag follows:

: Description ¢ & : ¥n 1 P : B : 8 : Or . NI
No. 48, Mary- 3 ! : : : ) .
land steel : 0,50. 0,97 :0,058: 0,0BL. 0,089 C,27 . C,47
No, 48, Cam- : : : : : : :
. bria steel : .55 1,05 1 ,C92: ,048: ,0B1: ... b ee.. s
Ne, &0, Cam- . . : : . ! ! ;
bria steel . . Doeees b

L3973 . 077, ,020. .086,

Tensile tests of the metal from the centers of the heads gave
the following results:®

.Elastic.Tenslle Elonga4 Contrac#:
Descraiption limit strene-:tion tion of .

: per eq.:th per ! yarea
*inch 18g.inchu

.Pounds ;Pounds . Percent Percent
No. 48, .. iniireirninnneenes, 683,880 122,000 7. 33.2
Ho. 49, . i ieeireennenconsos e.. 64,750 128,400 15 ¢+ 22.4 :
NO, 50. veus seonvonansenas.as 48,500 103,160, 12 = 14.7

These ralls were removed from the track, no derailment having
been caused by the traneverse fissures, Esch represcents different

track conditlone. One was 1lz1d on a bridge, one on stone ballast,
end one on cinder ballast,

Flgures Nos, 4Ba to 4AR4, lnclusive, represent the appearance
of the Marylend reil. Flgure No, 4Ba is g visw of the trinsverse
figsure, vhich nearly separated the crose seetion of the head.
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Flgure No. 48b 1s reproduced from a eulphur print. The rhoto-
micrographs Nos, 48c¢ and 484 were tsken from the upper corner of
the head, gauge slde, and from the upper part of the web, respee-
tively. Tbe sulphur print shows good metal »lth no etructural in-
auelity in the vicinlty of tre treneverse fissvre. Thie rail wae
leid on e bridge, or ocek ties with tle plstes. Its ege vhken re-
moved from the track was 3 yeers 9 months. .

Figures Nog, 492 to 49d, inclusive, represent the first
Cambria reil, No, 49a 1s a view of the traneverse flesure which
separcted the head on the gosuge side and ¢ consldereble part of the
outer haif. No. 492b represente a deer etched section of the rail,
Frotomicrogrephs Nos, 45¢ and 494 were taken near the upper corner
of the head, gauge slde, snd fram the center of the hesd, respec-
tively. The etching shows structurel uniformity in the steel., Thls
rall was lald on stone besllast, on oak ties with tie pletes., Its
age when removed from the trgck was 8 years.

Figures Nos. 50a to 504, inclusive, represent the appesarence
of the second Cambrig rail. Figure No, B0z is a view of the trens-
verse figsure, located nesr the gsuge slde of the heed, covering a
portion enly of the area, A deep etching 1s represented by figure
No. &0b, showing the metal decidedly lacking in uniformity of
structure, Fhotomicrogrerhs Nos, 5Cc snd 504 were taken near the
upper corner of the head, gruge side end center of the head, re-
spectively. It was lald on cinder ballget, on oak ties with tie
plates. Its age wes 13 years, It was/bndly segregated rell,
shown both by the etcned cection end the chemical znelysis of the
steel, The metal szt the middle of the web hed 2 cerbon content
of C.B3, pheoephorus 0,138, sulplrur 0,043, HNotwlthstandlng 1its
leck of uniformity it remsined in the track the longest of these
three Bessemer rails, Ite unfzvorrble efructurel stete clearly 4id
not result in the eerly displey of a treneverse fissure, if indeed
ite structural state hed an influence upon thls development.

Ficures Nos, 5la end 51b show the appearcnce of a trensverse
fissure ané sulphur print élspleyed by 2an p5~oound rall rolled by
the Illinole Steel Co,

This reil hed been in service sbout 5 years. It shows little
weer, end is structurelly uniform. The cerbon content in this rail
vas 0,77, the renganese C,76,

Figures Nos. H2a end 52b refer to a 100-pound rell, elego
rolled by the Illinois Steel Co., which dlsplayed o trenaverse
. fissure after seven years in the track, The cerbon content was
0,79, the mangsznese 0,68. The sulphur print showes the metal lack-
1ng ln structurel uniformity. The rall reteined 1ts shape, however,
and showed little wear. No suspicion would ettoch to this rail
from 1ts outward appearance.

These 1llustrations end eucceeding ones show reils in which
transverse flssures were dleplayed _in metal strictly upiform sas
indlated by tne sulphur prints, *end slso ralle which qccordlng to
the same evidence, were deficient in structural soundness &nd uni-
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formity. Some fissures had treir nueclei at the jJunction of the
interior and zxterior metel whlch showed different cheracteristics,
while others had their origins where uniforr metal pr-veiled, or
which displayed g uniforr structure throughout.

Figures Nos, 53a and 53b represent another 100-pound rail
rolled by tle Illinois Steel Co. This rall dleplayed a transverse
fissure after seven years in the track. It shows very little wear,
retaining ite shape practically unchaneged, The leck of uniformity
in 1ts structure was conflined to the metal of the web and the lower
part of the head., The nucleus of the trensverse fissure was located
1n the sounder part of i1ts cross section. The carben content of
the rail was 0.74, manganese 0,83.

Figures Nos: 54a and 54b represent still another 100-pound
rail rolled by the Illinols Steel Co., which displayed a trans-
verse flssure after six years in the track., The compositlon of
the retal showed carbon 0.71, manganese C,73, There was a decided
lackx of uniformity in thls rail, most pronounced in tre lower part
of tre head and the upper part of the web., A general spotted
appegarance prevailled in the heed., Not unlikely tke nucleus of
the trensverse fissure was located 1n the vicinlty of some of
these: markings, 1t could hardly be otherwlse. The nuclel of
transverse flssures ars loceted at felrly definite depths below
the running surface of the head, but whether a chenge of positlon
ig effected by the structursl state of the steel 1g not clearly
apparent,

Fizurees Nos. 55a and 55b 11lustrate a transverse flssure
rail of unusual degree of strvctural uniformity. This wes a 125~
pound rall rolled by the Cambria Steel Co., the carbon content
of which was C.78, the mangsnese 0,85, It displayed a transverse
fissure In less than two years in the track, No structural state
or condition of the metel was revealed which could have 1nfluenced
the locetion of the transverse fissure.

Figures Nos., 56z, 56b, and 58c¢c, representing one rail, and
figures Noe, 57z, 57b, ané 5%c¢, representing asnother rail, show
photographs of trensverse flssures and sulphur prints of two
heet—treated rails of 121 pounds weight, which displayed trens-—
verse fisgures in less than one year in scrvice. The sulphur
print of one shows ¢ uniform structure, in the other e veriation
in the metal of the web, but uniform 1n the vicinity of the nucleus
of the transverse flssure., The nuclel of tne fissure ln these two
roils are loceted nearer the running surface than usuel, The .
following table shows the chemlcal composition of these ralls:

. .
. -

: Degcription HE ¥Mn : P : 8 + 81 : Cr M1

s aa we

No., 56. ... ... ..: 0.41: 0,50.0,017:;0.026:0,214; 0,53: 1,30:
L NO. 57t ineeea el W3A7y L B2: L,017: (026 ,047 .52 1,30
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Figures Nos. 5B end 52 represent two ferrotitanlum reils
which diswnlayed trensverse flseures, The flssure in reil No. 5B,
a 100-pound esection, wes loceted on the gruge side of tke heed near
the nebulous core. In rall No, 58, e 1C5-pound section, the flssure
Jeveloped in the unilform mctrl of thp rerd, The nuclei of the
flesures were loceted within the limite of their customery zones.

A group of six trensverse fissured reils ere 1llustreted by
flgures Nos. 60 te 65, lnclusive. These rells displeyed trensverse
filesures =fter periode of time in service renglng from 5 montha to
€ yerrs, 6 months. The followlng teble describes these rsils and

stetes the time they were in service when trrnsverse flssures were
found:

Length of time in service:

. Degeription i Yeors : Months ! Daye :
iNo. 60, 85-pound P. S.,O.H..... C e 6 . € o
Jo. 81, 100~pound F.S. ... e et .. . 1C N

iNo. 62, 100 P,S,0.H. Venadium. . ..... ' 1 : - r 20

iNo. 83, 1l2l-pound Leet trested Maysri.. . o Voee
INo, 64, 125-pound PueBii.vrrerennear oot . : 7 .
iNo, 65, 120-pound PuoS.iu.uieiveenoenanaa’ 1 : 5 . v

L
» L)

Trensverse flssures hrve been displeyed in cerbon steel railes
of different gredes of herdness, from mild steele up to those sbove
the esturation polnt of cerbon. Exemplee have been given herein of
alloy steels rnd hest-treated reils which heve dieplayed fissures.
These 1llustretions show figsuree to hzve ocourred in ferro-titan-
1um, in v:nedium-trected raile, and in hest-trested reila of Mayarl
ore, High chromium r=ils are reported to have dleplayed trensverse
fissures, but no photographs of them were availeble. It would seem
thet & comprehensive trial hed been made of the different gradeg cof
carbon steel, alloy steels, snd e heat-trested rall, none of which
have proved lrmune from this type of frecture.

Manganese steel hes been, so far es known, an exception,
furnlshing no exemplee of transverse filscures. It hzs however,
furnished 2 type cloeely resembling a trensverse fissure, which
le 11llustrated by flgure Wo. 68. Tkls flgure represeits a frac-—
ture 1n the hesd and upper pert of the veb of e 100-pound nen-
genese steel reil rolled by the Illinols Steel Co., in June, 1912,
and removed from the track during thée present year, after sgbout 6
vears in service,

Three fractures were displsyed by this reil They presented
gmooth surfsces, i1n a plene normel to th: length of the reil,
bEV1ng their origins epperently et the interm:diste running sur-
face of the head, whence they progressively exiended throug the
heed into the veb Trey were discovered st this stsge of develop-
ment eand the rell remnoved from service,

Subsequent teets showed the almost totsl exneustion of tough-
ness of tne metel wnere the cold rolling action of the wheels had
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texen place on top of the reail. When the hesd wes etreined in
tension fine surface cracks immeCletely appeared on the running
surfece in perallel llnee, 1 inch or less cpart., It was a
pecullarity of thls rell that 1ts inherent ftoughnese resisted the
extenslon of the deep crecks which hed developed in service, The
completion or these fmctures was sccomplished with difficulty,
whether under the Crop testing mechine or cy the use of 2 heavy
meul. If such residusl toughness should be found & reliable fector
in the treck, 1t would present an importsnt safegusrd agsinst the
dlspley of brittleness cherecteristic of carbon steels under like
condltions of partisl rupture of the reil.

Observations were made upon the effects of gagging. Two
grades of steel were used, the product of the Bperrows Point rail
mill of the Eethlehem Steel Co., one of which wes rolled to meet
current speclficstions for domestic reils, the other a grade of
steel for reile to meet the epecificetions of the French Govern-
ment, Thelr sneclyses were es follows:

Pescription ¢ : ¥pn 3 F : 8 + 81 : Cr N1,
1 160-pound domes+ : t ] : : ! '
! tic rell. . ... 0.687¢{ 0.72 {0,032 :10.055:0,244 3 0,22:0,40 ;
1 100=-pound French : ! ' : : . :

composition..... LAG2. B3 Y 038 v+ 079 067 . 20, .54

The rells of eachk composition were rolled into 100-pound
A.R.A.,-B shapes., One of the high-carbon ralle wes & high rail, the
other a low reil, in the reil mlll sense of the term, referring to
treir curvature sfler cooling on the hotbed, The gageing of the
high reil resulted in shortening 2n element slong the top of the
heed C,C1l33 inch on a gauged length of 10 inches. The effect of
gegging was messurable at the rlddle of the veb, where a shorftening
of 0,0007 inch cccurred. On the lower surfeoce of the base the metal
was extended 0,006l inch on one flange, 0,01C3 inch on the other
flengs, end 0,0088 inch along the middle of its vidth. These flguree
represent permsnent sete, The mill scale was disturbed in the vicin-
1ty of the gegeging blows, as usuel,

Tre low rall, of the ssme composition, gegged on the bese,
gave the followlng results: The element gslong the top of the heead
vas eXxtended 0,0C1l3 inch. The web wes extended 0,0008 1nch, One
flenge wee shortened 0,0010 inch, the other 0,0013 inch. Along the
mlddle of the bree the shortening wee 0.0011 inch,

The lov-cerbon rell was a high reil, end therefore wes gagge
on the head, The element elong the top of the head was shortened
0.0443 inch., Along the mlddle of the web the metal wes extended
0.0029 inch, One flenge was extended C.0283 inch, the other C,0459
inch. Along the middle of the base the metsl was extended ".0388
inch,

The gagelng of the high ralls wes more severe then conditions
usually require in the process of straightening., It wlll be noted
in the herd relle that the change in length of the web pertook of
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the moverent of the heed, while in the soft rall it followed that
of the bese., The sublect of distribution of etrsins, shown here

in ralls of different cerpositlion, 1e referred to, slnce 1t has
presented lteelf in ralle of dlfferent weights. In drop tests of
125~pound reils 1t hes been witnessed thet rupture did not begln
on the tenslon sgide of the rall, but hed 1ts origin under the head
et the Junctlon of the heed znd the web, .The metel ot the top of
the heed under trese circumstances d1d@ not heve opportunity to dis-
pley 1te ebllity to elongeste, ss contemplated in specificetions,
which heve an elonpatlon cleuse. The design of the rall, rother

then the 1lnlerent oropertieg of the steel, controlled the manner
of its frecturs,

Concerning the ordinary effects of ezgring, they erc confined
Yo surface indicetions., The mlll scele is disturbed end the reil
slichtly indented, In respect to the metel in the interior of the
section, nelther mecroscopically nor microscoplcelly has evidence
been found of the effects of egapging, Streln geuege reosurements
are adequate to show the modificetions in internal strains resulfing
from gagging. '

When a sufflcient nuiber of sapeing blows have been spplled
to a real i1n one place, first on the head and then on the base,
rupture occurs by s fracture which hos an exterlor origin. BSuch
were the results 1n & serliee of B2 tests, On the cther hend, by
progreessive gegging it has been found possible to develop fractures
with interlor origins, thet is, treneverse flssures heve besn made
in thls menner, The continuous geecing from end to end of the rall,
at short distences between blows in progressive cegging, has an
effect a<in to the cold-relling sction of the wheels, ené in thils
mznner hes been the meansg of producing trensverse filssures, A
larze number of gacging blows were reculred., FPer reil length of
3% feet the number has renged from 52,000 to 254,CC0 garring blows,
It wes found thet the posltion of the nucleus of the experimental
trensverse filssure could De located at will on the risht or the
left side of the hegd, esccordine to the mwenner of epolying the
ge~cinm blowe, This weg sccompllished by directine the blows on the
side of the heed on which 1t wase prearranred the flesure should be
loceted. Carbon steel rails were used in these cazuoing tests, one
titanium-treated reil beilng included in the serlee, The welrhts
of the rzils were from 80-pcunds tc 100 pounce; in composition the
carbon contents ranged from 0.82 to C.BS,

Ficure No,. 67 showe the appearence of a trensverse flssure
developed in en B5-pound reil by vrosressive gazeinr, The lcad was
applled off center for the purpose cof locetlns the flssure on the
gide of the head, The nurber of seselns blowe per raill length of
23 feet reguired to couse the developrent of this fissure wes
17¢,000, The test was male on » helf-rail length; the number cf
blows actuslly celivered, therefore, wes one-half the above number.

The developrent of trensverse fissures in service in the
track causes & progressive 1lcss in strencth of raile unCer benCing
stresges when the head is 1n tension, which becomes sericus before
the fiesures reach the periphery of the rail, The results of some
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bending tests in which automatic records were taken showed the
residual strength 1n 100-pound rails, which displayed transverse
flssures, when finally broken as follows:

2 ralls.... .. . ...17,157 pounds per square inch fiber stress.
B rail, .....,.. .. ..34,314 pounds per square lnch fiber stress,
Frail.ieeeeeeeas.. 26,075 pocunds per square inch fiber stress, .

These results were obtained with high-carbon ralls taken from the
tracx, which had displayed transverse fissures in service. The
averdge composition of the steel was—carbon, 0.876; manganese,
0.75. These reils in their primitive condition would be expected
to possess an ultimzte strength under berding stresses of not less
than 15C,000 pounds per square 1nch fiber stress

It has long been known that all grades of steel may be rup-
tured by repeated alternate stresses, none of which in magnitude
arproach the elastic limlt of the metal. BSome results will be
presented, complled from earlier tests, showing the endurance of
certaln bars of steel under different fiber stresses. The chemical
composition of the steel was C .55, Mn, .75, P. .034, S. .0&C, Si.
.138, The test bars were 1 inch in diameter by 33 inches long,
logded on a double bearing, and rotated at a spred of 500 rotations
per mlnute, The highest fiber stress of the eeries was 60, a]8le/
pounds per square 1lnch, vhich sllghktly exceeded the tenqile elastlc
1imit, The lowest fiber stress was 50.B per cent of the castic
1imit, or substantiz?ly one-half of 1ts value.

Flcure Vo, 68 graphically illustrates the relative endurance
of this grade of steel to rerested alternate streeses. Flgures
entered on the diegrsm state the number of repeated stresses re-
quired to rupture the steel uncer different flber stresses, the
percentage of the loads ih terme of the elagstic 1lirit, and the
relatlive endurance in terms of the bar when loaded with 60,C00
rounds per square lnch tzken as unity.

The lowest fiber stress employed &C,0C0 péunds per sguare
inch, did not rupture the bar with 76,326,240 rotatlons. After
enduring this number of repeated atresscs, the load was incressed
to 60,000 pounds per squere lnch, rupture ensulng after 8,100
rotations. The life of the steel st 30,000 pounds fiber stress
wes more than 6,111 times that 2t 60,000 pounds, In msny situe-
tione the durablllity of the steel under thre lower flber stress
would be considered as indefinite, There i1e a zone of demarkation,
above which the life of steel 1s compesratively short, belcow which
1t 15 of long duration, With a proper limitation of the meximum
stress the life of steel mey be so prolonged tret fallure in ser— .
vice would not be looxked for., This statsment is true of all grades
of steel, the limiting stresses being different in different grades,
but a danger zone exlets in s8ll,

The &anger zone in reils of s given composition is probably
lower then carefully prepsred leborztory bers would show for that
grade of metal, Fepeeted bendlng tests on full reil sections,

>
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none of which ceuscd = permanent set, heve resulted in early
rupture, leading to the inference thst the shape of the reoil,
together with the stete of strrines which ere set up within 1%,
detrzct from 1ts cbility to endure repested stresses.

Consldering the ability of the metel to perform mechanical

. work under different fiber streesses 1s another way 1in which these
regulte may be exemined, The orlglnel tensile test of the steel
which furnished the repeated stress tests of figure No, 68, showed
an elastic limlt of 59,00C pounds per sguere inch} tensile strength,
109,600 pounds per sguere inch, with en elongation of 18.2 per cenft;
ard a contraction of area of 20.8 per cent, The mechsnical work
necessary to strsin this steel from zero stress to 1lte elestic limit,
was B~foot pounds per cublc inch of metel, To rupture the steel
by tenslon recuired 1,047 foot-pounds of work per cubic inch. In
the teble which follows, the number of foot-pounds work done under
different flber etresses 1g stated in terms of the work required
to strain the steel to 1%fs elestlc limit ond slso to effect rupture
by tension, Under repeeted alterncte stresses at 60,000 pounds
'per scusre 1lnch flber streseg this steel performed 12,490 timee the
smount of work which wes reauired to streln it to 1ts elestic 1limlt,
Under the lowest 1load of the repersted stress test, the steel per-
formed over 19 millon timrees the work reauired to streln 1t to 1ts
elestic 1imlt, 1illustreting the enormous capancity of steel for dolng
work, provided the stresses sre cerrefully regul-ted.

Tabie No, & sghors the mech:inlcal work done in the repeated
stress tests of the ,5% carbon steel, grephically represented on
figure No. 68, In thls teble tr~ work dane 1n the re~eated s®ress
tests 1s expressed 1n te - g of that which was "donein ths primitive

tenslle test at the elastic 1ivit an? at the temsile strengsth,
Teble Nc, 3.-Mechenical work done in repeated stress tests in

terms of primitive tensille propsrties.

: : . Work per cablce inch in :
Piber stress : Per cent of : terms of tret of the
glesgtic 1limit tenslle test £t tThe :
o . Elegtic 1im:Tensgile
. . T . strength
. &0,000 ; 50,8 -19.081,560 -+ 91,125
; 25,000 : 53,3 . 306,641 1,464
40,000 67.8 © 02,202 o685
: 45,000 : 76,3 ' 3,210 447
: 2C, 000 . 84,7 T 64,690 309 :
. : 60, 000 101.7 : 12,480 ., &0 H

&he wors Gone on the outside fibers is thet which is referred to in
the fteble,



Elestic limit:

Pounds per sqg. inch.. ot e N . ©9,000
Fechanical work,.. .. . . . ieienre onvons ft.-1bs, o
Tenslle strength:

Pounds per eag. inch .. ... e e e e e+ 4 -..-4109,800
Mechenlecal work, .. et er e eaaaan ft -lbs, 1,047
Elongation ..., chs e eeseaeeans .- percent 16.2
Contraction of aPEF v e isaeaea . ,percent, 0.8

Teble No. 4 shous the results of ezrller teete on the teneile
properties of six gredes of steel, 1lncluding thke amount of mechen-
icel work done 1in streining the steele to thelr elestic limite and
treir tenslle strengths.

Teble No. 4.-Tensile properties sand mechenlical work required to
produce rupture in different steels.

Frorm early reports of Tests of Metals)
. : .Meechanicel work-

Tenslle tests .per cublie 1lnch
: R
Carbon content . Klastic. Tensile. Elonge~ Contrac Elastic Tensile
limit :gtren- . tlon :tion of , limit . stren-
. per sq,:gth per. rarea ' gth :

: inch :2g.inch. . .
:Founds : Pounde . Fercent: Percent; Ft,.-1bs. Ft.-1bsa-

0.17C :51,000 . &8,00C: &2.5 . .51.9 : 3.6 282 ,
. 34C .84,000 - B5,000, 26,7 . ©B4.2 . 4.3 . 993 .
.5cC 759,000 $107.600. 26,2 ¢ 20,8 . 5.0 1 1,047 .
.73C 164,000 140,200, 10,0 ¢ 11.6 . 6,2 - 1,003 :
: .B2C 583,000 142,250, 8.5 . 8.5 . §&.9 688
: 1,08C 77,000 -132,80C. 8.7 9.2 + 8,5 892

.
» *

—_—— )

Hepeated stress tests were mede on these slx grmdes of steel.
Cne bar endured over 200 millon repetltions of etreeses, performing
76 millon times the amount of mechenicel work requlred to strein th
steel to its elestle 1limlit, The ber remeined unruptured after per-
forming this amount of work, There 1e no flxed relation between
the wrimitive tensile rraperties 2nd the useful work which steel cat
perforn. If the working stres-eg are of moderate degree, the life
of tke steel will be prectically unlimited. If, on the other hand,
the loeds applied are excesslve, tie life of the steel will be very
short.

Referring briefly to track stresses: The results of early .
meesured strelns in the track on different weights of reils rest-
ing on different kinds of belleet snd under different wheel loads
showed stresses under static conditions of loesding, which, while
not generally exceselve, were neverthelegs as high s englneering
prectice sanctions for structures intended teo be permenent. Lower
wheel loads prevelled at the time of those tests then those of
present equipment. There hes been a gradusl lncrezse in wheel
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loads until a meximum of over 17 tons hse been reached. To the
direct bending stresses should be 2dded the internsl stresses in
order to get &n expression which shell represent the totsl fiber
stress on the reil.

In the track many reils show permanent downwerd bends at
their ends, Low Joints irn tke heavier rall sectlons are frequent-—
1y seen, The combined effects of whHeel lozads and internal strains
15 thus shown to have exceeded the elastic 1imlt of the rail,
which, 1n steels now used, calle for g fiber stress of 50,000 or
perhaps 60,000 pounds per equare incl. These sets which sre per-
Tanent records of high stresses, furnished by the rsils themselves,
must be acoepted a8 reliable indicetloneg of what hes occurred in
the treck.

Saven years hove elapseed since the first accident report
wos lssued by the Interstate Comrerce Commission upon thils type
of frecture, to which the term "transverse fissure" wes spplied.
Slnce the dete of that report—August, 191l-——other acclidents
hieve occurred due to this cause. The nurber of incividuel ex-
smples of transverse filssures has reached 1nto thougands, Thelr
numbers continue to inaeressge.

On the occaslon of the firet report an explengtion was
offered of the ceuse of thils type of frecture. It was recognized
g8 2 mcAified tyve of featigue frecture, its 1nterior origin belng
due to the rresence of internal streine of compreselon along the
upper zone of metal in the heed of the rell., In order to Jdistin-
guish this type of fracture from the more corron fatigue frecture
in which this corpressive component 1e egbsent the terr "transverse
fissure" was used. This fracture ls progressive in 1ts cheracter,
starting from a srell nucleug and extending until the entire cross
section of the heed 1g ruptured.

Trareverse flssures predomineate in the gauge side of the
f.ead of the rail, establishing the relatlons between them and
wheel pressurese. No structural nor cherlcal cause has been found
to which their fecrraticn can be ascribed.

A distinction mey properly be mede between the rroximate
cause of the formation of transverse fissures and features which
Tay promote or retard their inception end progress, A study has
been made of features ccnnected with the process of fabricstlcn
from the i1ngot te the finished rall, and thence to conditlons
whicrn are experienced in the trezck. Ralls from all parts of the
ingct Cisplay trensverse fissures, hence there 1s no pecullar
cecnéltion in one part over ancther which i1s responsible for their
inceptiosn. )

Stecls cf different ceorpositions display transverse fissures,
Their presence is not pecullsr tc eny definite chemical crmposltion,
either in carbron steels or in alloy steels, so far as yet ftraced.
Appearing, ae they do, in ralls of different weights and skapes,
in rails from different mills, where dlfferent numbere of passees
are used, where raile are rolled direct from the ingnt and where



they ere rclled from reheated blo~ms, no specific nr comron couse
for the formation connects with mi1ll prectice. They occur in bath
Bessemer and 1n open-hearth railes. The larger number of trans—
verse flssures have occurred in the lestter, No inherent reason

hze been presented why eny essentlel difference shrculd be frund

In ralls mrde from elther process All rells rre gegged frr the
vurpnee ct etralghtening them. N- traneverse fissures in reils .
in the treck heve been wltnessed which were traceable tc the

effects nf gagglng, If the effects nf regring were serlous cn
certaln steels, there wruld be nn Justificaticn in uslng such grades
»f metal fcr ralls, If the thought that gagging wes sericusly
detrimental and carried crnviotion that =such rails were unsefe,

it weuld cecnstitute self-cendemneticn thet unsafe steel wes being
usec, demending the immediste chenge tr g grade ¢f steel which
wruld endure a detall in the preccess of fabricaticn tc which
practicelly all ralls are subjected.

Repreated stresses sre competent tn rupture sny grade ¢f steel.
Trn this statement there are nc exceptions, None cen be, since it
would mean the preductlion of a nonbreakable steel. Ameng those
whe do not recrgnize the influence of repeated stresses and the
presence of internsl strelns ss proximete causesg in this type of
rall failures, the argurent 1s put ferward that mill eonditions,
and nst track c~nditicne are responeible for the fermsti-n c¢f trens-
verse fisguree, I%t 18 not clesr througn vhat prccess of reesoning
this result 1e arrived at, On the ccntrary, the evicence places
the resp~nsibility frr this preticular type of frecture upon the
cenditions to which the rails are exposed in the track., The direct
bencding stresses and the shearing ctresses Cue to the wheel loads,
tcgether with the internel streins intrcduced by the cclé rolling
acticn cf the wheels, crnetitute these ccnditions. The comblned
stresses sh-ould be kept below certain fiber stresses in order to
aveic rupture anc mzintaln a reescnable rargin of safety,

In orcer tc graphically illustrate thie feature, (legram
Figure No, 89 has been prepared, agein using the (atae exhiblted
on Clagram No. 68, In thie psrticular grace ~f steel the 1limit
nf Indefinite endursnce is in the vicinity ~f 30,000 pcunis per
square inch. Woerking leads shoul? be less then this emount. A
¢~tted line marked A 18 Crawn on the Cdlagramn representing an
aesumeld eafe load. The Ci1stance between this Cotted line anc
line B represente the margin in gafety in the use of this grace
of steel.

There are practicel ¢difficulties, however, which present
tremselves in the effort to establish the positicons of either -
linzs A ¢r B in the case ¢f rails. Tests on the rail in 1ts .
primitive state will nct indlicate the position of line B, since
only the internal etrains of fabricetlon are then preeent., The
col?~rslling strains from the wheel preseures must be present 1in
the rall, Acein, tnere 1s Jdifficulty in ¢eciding at what pericd
tre rall should be regarded as having acqulred the internal
stralns necessary %o prepare the reil for a proper basis of com-
parison. When twa components are ihvolved, esch c¢f which exerts
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2 progressive and cumulatlve tenlency, ending in rupture, the
consequence may be that line B may not have a fixed position.
The early display of” transverse fissures, a minlmum interval

of time being taken at five monthe, suggests the prompt lowering
of this line. .

The direct bending stresses recelved by the rails, as track
measurements have shown them, are of such a degree that a much
longer 11fe of the rails would be  expected, provided the bending
stresses alone were present. Responsibility, therefore, attaches
to the cold-rolling strains introduced by the wheel pressures—
the only other corponent. Evidences places a large share of the
regpons:ibility for the formation of transverse fissures on the use
of high wheel loads, the explanation which was offered in the re~
port on the fallure of the rail which caused the disastrous wreck
on the Lehigh Valley Railroed at Manchester, N, Y., August 25, 1911,

The early failure of rails would not be expected from the
bendlng stresses alone, nor would the origins of the fractur:ze
be interlor ones, neither would the cold-rolling strasins un-
attended with bending stresses produce thls result, but the com~
blnation of bending streeses and internal strailns appear competent
to cause the early rupture of the ralls,

Experimental research on the endursnce of ralls of full cross
gectlon suggeste 1teelf os the meene of acoulring definite infor-
metion, in order to establish the primitive poslition of line B,
and furnleh date upon its migration whille the ralls are 1n service.
Lines A and B should be separated a reasonable distance znd so re—
main, without merging, If they are not found to do so, it 1g ob-
vious that the severity of track condltions should be reduced or
the ralls removed from service tefore thelr margin 1n strength 1s
exhausted,

The porgitlon of the criticel zone of metal in the head of
the rail 1s 1llustrated by figure No. 70, Within this zone the
direct effecte of the wheel pressure are felt, The elestlc limit
of the steel 1s exceeded 1n this zone, the relations of the elastie
limlts Ain tension and compression and thelr values are disturbed,
internal strains are Introduced; and, from laboratory tests, 1t is
found that the value of the modulus of elasticlty le 2t least
Temporarily lowered by everstralning loade. These are features
which affect the zone of metsl st the top of the head of a rail,

Different conditions nreveil on different divisicne of & road
which are wmet by the use of heavier rells and improvements 1n
mzintenance of way: The differences in treffic conditions heve
manifested themselves in the dieplay of transverse fissures which
heve been found of more frequent occurrence on divisions where the
traffic 1s heavlest. The results of such falluree examlned more
in detail have elso shown the more freauent dlegplay of flssures
in the low ralle than in the high rsils of & curve, The normsl
interval of time intervening between the laying of the rells and
when transverse flssures meke thelr appearance has been neted on
some roads, Trensverse flasures, which thus appear on schedule
time, clearly connect their gppearance with service conditlons,



The subject of trensverse flscures has been discussed at
length on account of the dengerous character of this tyce of
fracture, and for the additionsl reason that no steps have been
teken which have afforded relief from thelr development, Steels
of different degrees of herdness have been triled, cerbon steels
and alloy steecles, some of whlch have displeyed good wearing
qualities, but transverse fissures have formed in them and they
kave felled without warning. Heavierrrails have bern introduced,
The experience thus fer hags been thet transverse fiesures have
developed 1n ther end withln ehort intervels of time. It 1s
conjectural whether further increase in weight wlll prevent their
formetion, The relnforcement of the affected zone of metal at the
top of the heaed would not seer very greet againgt the impilnging
pressures of the wheels with eny reesonsble increase 1n the welght
of the reill, A narrow zone of metsl on the running surface sus~
talne individuesl wheel loads, which shifts to new zones under
dgifferent schesped wheel treads.

Many an varled features have been discussed in this report,
but 211 heve their relatlion to the physlcel stete of the rails or
refer to the pheees through which raills pass from the time of
febrication untll they heve corpleted their terms of service in
the track. HRails are undoubtedly subjected to severe stresses, no
other engineering struetures furnishing parallel exemples. The
action of the wheels on the criticsl zone of metel next the run-
ning surface of the head tends towerd ultimate rupture in &all
rails., It is ¢ matter of severity of stresses, stresses beyond
the ability of the steel to endure, and their continuence, when
rupture will ensue in any rall, The present problem ls to judge
whether service stresses have reacked such 2 limlt that the margin
In strength which resides 1n a new rail 1s not being rapidly ex-
hausted, High wheel loads and bending stresses are the destruc~
tive agents involved in the cese. There 1s a limlt of stress
beyond which steel will not endure. The frequent display of
transverse fissuree raises the query whether the lirit of endurance
lg being toc closely arproached or whether 1t hee not zlready been

eeched,

Tre elternetive methods for insuring safety agsinst the
formation of trensverse fissures epovegr to lle 1n the direction
of greatly incressed rell sections, or 1n reduced wheel loads,
er 1n the removezl of the reils from the track before their mergin
in strength end endurence is exhausted.

SUMMARY

The following is a summary of the results of the investi- .
getions conducted by the Engineer-Fhysicist:

This dersilment agein forcefully ca®ls attention to the
Gangers resulting from trensverse flssures in rails. The testi-
nony of those who were present at the time of the derailment of
the trocp train on the Long Island Railroad, and evidence since
then acquired fror exemination gnd test of the materirls of the
treck, fully establishes the ceuse of thls accldent as the failure
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of twe rails, in these rails there were 14 trensverse flssures,

of which 13 were disclosed at the time of the derailment ond one
other in the subsequent exerination of the ralls, In two other

reile which were also exarined at the tlme 8 trensverse flssures
were found, meklng 22 fissures in 211,

The data acquired in this lnvestigation, as well as the in-
vestigatione of previous accldents resulting from rail fellures
due to the presence of {rancverse fissures showe this toc be a
progresslive types of fracture, It i1e comrnonly locsted on the
gauge slde of the head, starting from some point in the interior
of the reil Externsl appearances of the rails 8o not give any
indication of the presence of traneverse flssureg, they may re-
rain unknown and without possibility of detectlon untll they have
extended to the surface of the rall or until the rail breaks.
£ven when a transverse fisgsure hee resched the surface of tThe
rail the oppertunity for discovering 1% 1s very slight as only
a fine cracg 1s visible, although practically the entire coross
section of the hesd nmay then be fractured.

A reil is much weaxened by the presence of trensverse
fissures even in their eerlier stages of development, end ulti-
mately the fracture of the rall 1s suddéen ané without any dle-
pley of ductility which might leed to its detection in time to
avert disaster. Traneverse fiseures mey be formed, as 1n the
present case, at a number of placee along the length of the sare
rall. The complete rupture of the reil 2t one plece is not in-
frequently followed by other fractures almost simulteneously,
causing an opening fo be made in the treck. Under these clrcum~
stances tke only megns 1-ft for meilntesining security and continuity
of the track is the spiking, wkich is very severely texed when the
regil ie broken into one or more short nieces. The urgent need of
eliminsting this dengerous tyre of reail fracture 1ls apparent,

Several years heve nou elspsed since thls type of rupture
was first brought to notice in these accident reports, ard no
reredy has been applied which hee checked thelr formetion. Practi-
cally all grades of steel have been tried, both carbon and alloy
steels, znd transverse fissures have been found in each. Investi-
gations have snown thet transverse filssures occur in steel which
15 structurally sound and chemically satisfsctory, as well as 1in
reils having defective metsl. The earliest display of transverse
fissures in point of time has occurred in ralls which exhlbited
the best physicsl properties in respect to structursl soundness
and uniformity.

The study of trensverse flssuree has been directed to the
gstate of the metal at and in the wvicinity of their nuclel, where
defects influencing such failures, 1f they existed, would be
looked for, But even among rails exhibiting defectlve metel there
hee been found no common defect to which tne formation of trans-
verse flssures could in those casee be attributed, end the 1n-
vestigations have shown coénclusively that neither defectlve metal
nor any physicael property or characteristic of the rell gtructure
cen be assigned as the cesuse of the formation of transverse flasuree
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Investigations, i1n the quest of & proximete cause for the
development of transverse fissures, have been directed particular-
1y to the conditicn of the metel 1n the rall after it has been in
service for a time. It 1s found that the metal at the top of the
head 1s charged with internal strains of great magnitude, these
stralns belng scquired chiefly after the rsil hes reached the
treck. The ccld rolling of the metsl of the runnlng surface by .
the wheel pressures csuses these Internel streins. They emount
tc thousands c¢f rounds per equare inch. There are alsc certaln
ccoling stralns 1in the rails which sre ecouired during their
febricetlon, but these are much lower then the straineg which re-
sult from the wheel pressures,

The totnal stresses which rails are requlred %to endure in the
track ere the internal streins plue the direct bending loesde when
trains are on them, The rupture of rells ie brcught ebout by these
two fectors, the internal streins snd the externel loeds, Thls 1is
true whether tte rail is scunéd cr unsound, Provided no physicel
cr cherical defect exlsta, the direct responsibility for ra:xl
feilures must necescarily be attributed to the treck sfresses.

Many influences which affect rails have been referred to in
the body of this repcrt. A certain srea of tre retal next the
running surface of the hegd, upon which these Influvences center,
congtltutes the critical zone tc which cttenticon oust be directed,
Cereful ccns.dercticn of tre feotures which have been enumerated,
tending in their ectizcrn %2 covre the ultimate failure of the rall,
nay bring about an anelicraticn of existing concditicne and remcve
this very prevelent source cf canger.

All steels heve the ability teo endure certain stresres of
low magnitude externding over perizcde of time which may be regerded
os wndefinite, but different graces of metzl posses {¢i1fferences
1n the degree of thelr ebillity te endure lcedg, Questicns of
endurance cdepenc fundamentally upcon the megnitude of the lcads
which the roi1ls are required tc sustain,

The continued display of trensverse fissures 1n rails
demends action shculd be teken for thelr prevention, If present
equipment has reached thet stage when lncrease in wheel 1nads 18
nc lenger permissible, this festure should be taken 1nts ageount
1n the design of new equipment. This 1ldee cells for a suspengion
~f the trenc¢ which has merked the deslgn end construction of new
rclling stock, end which, in the immedlete past, has been in the
direction cof both heavier motive power snd rcllling stock.

If the prevelence of this type of fracture 1s accepted as .
evidence that wheel lcads are ten high, the correcticn cen not be
made et ~nce. The equipment, such as 1%t 1eg, must be used, and can
be rerlaced only by the grecual process of renewal. For the time
belng relignce must be pleced on supericr maintensnce of way end
vigilance in track inspectison to obhtein irmmunity from the Cengers
which ettend breoken rzils,
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There are no remedial measures, as such, for the restoration
of overstralned steel. The safety feature is in no way changed,
whether the overloading 1s dons on sound or unsound steel. Loads
must be regulated according to the properties of the materisles
which are obtalnable, but this will net bs considered an excuse
for the manufascture or use of steel if it cen be improved in what
1s 50 vaguely designated as 1ts quality.

It has been held on the part of some that the responsibility
for the Iformation of transverse fissures rested upon the steel
mills, although it has not been made clear what detall of manufac-~
ture was under consideration in attaching responsibility to the
properties of the steel. Importance has been placed upcn the facts
that certain heats of steel developed transverse fissures; while
other heats d4id not. In the preparation of these accléent reports
efforts heve been made to acquire data upon the conditlone of man-
ufacture, investigating 21l tangible suggestlons which have come
tc notice heving to do with mill prectice. The results of these
efforts have not confirmed the views of those who regerd the cause
of transverse flssures as being due to mlll practice, The Cas-
covery of 2 mlll defect o2nd 1ts correction wouléd put the matter
of %transverse flssures on a much lese ¢disauieting basis than the
results of the investlgstione heve led to. They tend to indicate
that raills are being streined berond the ebllity of esteel to per-
menently endure the service stresses, which 1s a very serilous
51tuatiopmﬁﬁ%meet. The installistion of rsils of fer greater
sectlons hose which ore nov being rolled, 1in 1tself not yet
found promising, would seem to exheust the efforte which have been
mede in providing for present ecuiprent and speeds on track as now
constructed.

Opportunity is open to scquire more exect deta from the track
than sres now avellable concerning the conditions which attend the
formation of transverse fissures. The 1limit of rolllng loeds on
wrought iron reills was very esrly reached ancd 1% has already Deen
rassed con raills of low cerben. The hardest rails, se well known,
displey treneverse fissures end fail without warning. A4n apprecla-
tion of the conditions vhich prevell in the track ehould lead, »ith-
cut delay, to concsrted action toverd the elimination of this dan-
gercus type of rezil fracture.

Reepectfully sabrltted,

W, P. BORLAND,

Chief, Burecu of Sefety.

Note, This wes a printed report, all flgures heve been removed.



