INTERSTATE COMMERCE (COMMISSTON

REFPORT OF THE CHIEF OF THE DIVISION OF SAFETY, COV-
ERING THE INVESTIGATION OF AN ACCIDENT WHICH
OCCURRED ON THE PENNSYLVANIA RAILROAD NEAR NEW-

ARK, N Y, ON FEBRUARY 16, 1917
Mat 19, 1917
To the Comanission

On February 16 1917, there was o deraldment of a passenger tram
on the Pennsvlyvania Ralioad near Newark N Y, whaeh 1esulted 1
the mjury of two piesengers aid two emplovees  Aftel mvestigation
a3 Lo the nature and caase ol this acodent, T beg to subnut the fol-
lowig 1eport

The tram mvolved 1 this acadent was northbound passenger train
No 3423 consisting of one combination baggage and smokmg car and
one coacl, hanled by locomotive 4160, and was 1 charge of Conductox
Marmman and Evngineman Maloney 1t departed fiom Stanley,
N 1 according to the tiamn sheet, at 332 p m, on time, left Fan-
ville N Y the last stoppmg point previous to being derailed, at
4 36 p m one minute late, and at about 4 40 p m was deraled at a
point nearly 13 miles beyond Furville or 5 miles north of Newark,
while traveling at a speed of 35 or 40 mules an hour

The engine remamned upright on the roadway with some of 1its
wheels detarled, and was not matenally damaged  The tender
turned over on its side whale both of the esis mn the train were deraled,
but 1emamed practically upright no serious damage bemg sustamed
by anv of the equipment

This put of the Pennsyliama Railioad 19 a single-taack branch
line, 34 miles m length, on which tram movements are governed by a
manusl block signal systemr The pont ol deraalment was on o long
curve of 1 degree, leading to the night, on a shghily ascending grade
The track 15 laud with 60-pound steel 1a1ls, 30 feet 1 length on an
average of 17 oak and pine ties ballasted with cmders  Tie-plates
were used on the pue ties The weather was clear
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Fngmeman Malonev stited that ns liam was travehng at a speed
of 35 ;1 40 mles an hour whien he felt the locomotive derwl and he at
once made an emeigeney applicition of the brakes the tram bemg
biought to a stop within a distanee of 367 feet  Careful examination
of the wheels and flanges of the dermled equpment faled to show
anything which could have contitbuted to the acexdent  Examma-
tion of the track showed that theie was a broken rail on the inside ol
the cuive, the first marks of deraled wheels on the ties bemg 18 feel
bevond the fiist break i the ral which was bioken mnto a larpe
number of pieces  Irackwalke: Day stated that he had passed ovel
this part of the tiack about 11y ¢ Lious previous to the derailments, and
at that time he found evervthing to be 1 good condition  Accordmg
to the train sheet one northibound and three southbound tirams had
passed over the track between the time 1t was mspected by Track-
walker Day and the time of the deialment, the erews of none of these
tramms notieing anythime wione with the track

Investigation defimtels doveloped the fact that the bioken rail
was the canse of the accudent and an inveshigation to discover the
reason for the failure of the 1aill was conducted by Mr James E
Howard, engmoeti-phyvaiei-t

Admewledgment 15 made ol the cooperation m this mgury of
the othaals of the Peimsyly mia dulivad Co and of the Cumbiia

»lecl Clo
REPORT ©O7 THE ENGINEER-FHYSICIST

The taal wluch bioke cnd caused the detaillment of tham No 8423,
Febiuaty 16, 1917 on the sordus Bav Branch of the Penn-ylvania
Ralivad, was a 60-pound 1 ul 1olled by the Cambria Steel Co
Maich, 1887 and lad 1 the ttack o the following June Tt bore
the brand marks  Cambin =el a7 L1

I'he type of fractuie wa~  <pht head Failure took place in the
tecerving half of 1t= lenotl  Vhout 3 feet of the rail, at 1ts 1Immediate
recerving end temaired mowct Bovond this part thele was a broken
section, 8 teet 4 mche~ long folloewed by an unbroken section 18
feet 8 mnches long, completng the length of the 1ail 30 feet  The
unbrolien section was focallv bent at the tune of the deratlment
Fouiv-cighl hagment- of the broken section wero recovered

The appeatance of the i1ccovered fragments s shown bv figmie
No 1 some of the tagments being assembled m thor relatrve places,
while other» were lud 1 1 row, then places m the ntact rail not hav-
mmg been establiched

The top of the 1aul showed an wercase m wudth of 018 inch, as
nearly as could be judoed when the tragments were put togethet
Thig inereased wrlth cortesponded substantially with the width of
opening of the seam 1 the head, a 1elation generally found in sphi-
head raals
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Latetal fow of the metal occurred m the shallow sone between the
tunnig smface of the head and the upper edge of the seam  The
formation of a <plit head 1~ attributed to the wedge action of the
~teel i this affected sone, reaching streaked metal startmg an m-
capwnt seam where the metal of the head m a crosswise direction 1-
debiaent in glhiength o1 m ductildy o both  The merprent ~cam
gradually develops m length and m depth untl there 15 complete
geparation of the head

Longitudhinal seam~ or lines of rupture with scirated surfaces
were shown on the [1aginents of this raill  The head wa~ =plt along
the gieater parl of the 8-foot 4-meh broken section

Fizure No 2 15 2 view of the top ol the head, the fragments com-
prismg this pait of the raill being placed approximately 1n their rcla-
tive positrons Iigure No 315 a view of the under side of the head
showing a serrated portion below the runnmg surface of the outside
half of the head  This part of the ruptured smiface had heen ham-
mered comparatnis elv smooth by the passnge of trans over the rail,
ervidence of the progressive character of 1ts tailute

A macroscopie exammation was made of a 1ull eross seclion ol the
rail near the hroken portion followed hv a microscopie exarmination
of the steel i that viamty  The macroscopic appeazance of the 1ail
13 shown by figiue No 4 1epresenting a cross section after 1t had
becu pobished and ctched with tancture of 1wdine  There weie 7ones
ot dark-colored dots rear the periphery of the head and adjacent to
the under surtace of the hase AL the juncoon of the head and web,
m the web and wear the upper surfaces of the flanges these markimgs
appeated as lines  The changed appearance of the matlangs at dil-
ferent parts ol the crows secton 15 atinbuted to changes m shaipe
wliel the metal undergoes m o ils reduction hiom the rectangular formn
of the bloom to that of the finsshed raul  In the eather ~napes (om
the wgot the maikings are dots whiclh we changed into dashes by
the drafi ol the rolls m {formmg the 1211 The unsymmetrical dark
sone al the jundtion of the head and web 1s taken to mdicate that
the mgot [tom winch this rail was 1olled was lawd on 1t sude to cool

Imgures Nos 5 and 6 tepresent longitudinal sections fiom the lower
part ol the head and base respectively  Tmcture of 1wodime was nsed
m ctchimg these sections wiach are here reproduced m neaily natural
sIre

Ihgures No- 7 and 8 show maemified 1mages ol a portion of the
head and of ooe of the Hanges each 10 eross section

A senies of photomicrogiaphs are presented llustrating the micro-
structure 10 differeat paits of the 1ail  Piciie acid was used 1n
etchung the <teel for nucioscope exammanon  Tigure No 9 shows
the average stiucture at the mmddle of the head, 1n wlich eoarse-
gramed pearlite appears with tluck wregular fercite network  Figure
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No 10 represents low caibon metal found n a zone about one-
eighth mel below the ranming ~wiface  This igure also substantially
represents low carbon arcas 1 otiier paits of the head

Fyrute No 11 shows the stucture of a streak m the web which
appeared as a dark-coloted huod when elehed with 1odime It s
higher mn earhon and finet g@ramed than the average -tructmie
Fieme No 12 shows o low caohon ~treak, having a fine-gramed
structule m whieh coarser g1 uns are present  Figures Nos 13 and
11 are sections of low carben metal with {me-gramed fernte and
fernte streaks

The efloct of wheel pressures~ m causimg a distortion of the gramn
of the steel unmediatels below che 1unmng surface ol the head of the
1a1] 1~ shown by hgures No~ 15 and 16 T'igure No 15 1~ a view of
the structure m cross seetion [he lateral flow of the surface metal
18 shown w this igure 1o a cosswise ditection e metal viclds and
flows toward the side of Lhe head taking the path of Ieast resstance
Longitudmaliv, the tendency o the surface metal 1o flow 15 effeclivelv
reststed  The grams arc (lattened but do not show longitudina. drift
Tigure No 16 <hows i Hlattining of tie grams viewed on a long-
tudinat section  Where - Lhe lateral How ol the metal tends to
develop sphit heads, in a longntudmal direction the inability of the
metal to flow, excepl at the extreme ends of the rail, 1esults m the
wtroduction of wternal strains of compression, the presence of which
promotes the formation of transverse fissures in the mtertor of the
head where the opposite stiams of tenmon preveal

The longitudinal streaks in the metal of this rail are believed to
have had a direct influence on the formation of the spht head
Examples of spht heads hase been witnessed 1n different <tages of
development, and mcipient seams have been found to comneide with
and follow the paths of intetior streaks  The quest for the primary
case of the presence of <treaked metal leads back to the mgot
Efforts to introduce stieaks by heat or mechameal means have been
unsuccessful — Conversels  then removal by heat or mechancal
means has not been accomphshed  Sudden quenching of hot steel
will cause the formation of theimal cracks but such ciacks are of a
different order 1o the streaks and seams under conuideration  These
are present m steel which has cooled slowly

Mass cegregation ociws n the cooling of mgots shown in the
chemical analysis of the metal  There are slag o1 other nonmetallic
mclusions o difterent part~ of the mngot and blowholes are also
found  The prinutive condition of the mgot exercvises 1t~ influence
over the ~tructural state of the finished raill  The large reduction
m sectional area given the metal of the ingot oments these structural
conditions and leads to the formation of longitudinal streaks 1o the
1l Lengthwise the rail this structural srangement seldom affects
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tts serviceability  In a ciosswise direction however the character
of the streak hecomes an mportant factor especially when seivice
stresses approach the hnut of endurance of the steel

The streales hroueht to view upon etehing with tinetwe of 1odine
dilfer 1 thewr chatactenstics, cach variety assunung greater m less
mpattance  depending upoun the seventy of the service stiesses
There are stteaks which 1epre-ent metal enriched m carbon, others
m which ferrite predominates  In these streaks the continuity of
the metal 1= not lost  The welding of blowholes mav be paitaal, the
eflicieney of which 1 a degree depends upon the composibon of the
steel  The presence of <lag s a barrier against welding and at <uch
inclustons the continuity of the ~teel 18 interrupted

Wheel pressures which cause lateral ow of the metal 1n the head
of the 1ail differentiate the properties ot these sticaks  Whenever
evidence 19 presented of permanent flow having taken place the 1ail
problem has evidently passed bevond the <tage 1 which the elastie
linut of the ~lecl 15 o contiolling tactor  The rail 15 practically cor-
tun to faill in course of tune under a repetition of these overloads
The Life of the ral mav be prolonged o1 its type of fmluie changed by
the ebmnation of streaks T 15 lughly desirable that structural
soundne~s be attamed as nemly as the art of steel making permuts
A margin i strength should be mamtamed between working loads
and the ultimate 1esistance of the ral m which structmal soundness
15 an essential tactor

A number of 1ails of different weighis and of moie 1ecent tabrica-
tion were examined w conjunction with the 60-pound tad which
caused the piesent detailnmeni Fugure No o 17 shows the cross
section of o T0-pound rail 1olled m 1900 Markmpes of the <ame
geteral character wete displayed as those exhibuted by the 60-peund
ral  Thgure No 18§ shows the markings on a t0d-pound 1ail 10lled
i 1912 This roal developed a transverse fissure w serviee  There
was also an meiment longudinal seam located near the muddle of
ithe head Laving a depth of one-half an mch  An mapieat aack
of this character, which was atlributed to seivice conditions, would
lead to the development of a split head

[Figure No 19 1epresents a 125-pound 1al, rolled m 1914 The
markings caused by the wdine are exaggerated 1 size  The dak
spots had mmude nucler which 1epresented the real structuial state
of the metal  Tmcture of 1odme atlacks the steel with diflerent
degrees of vigor accordmmg o the stiength of the solution, the com-
position of the steel, and the chatacter ol the pobshed surface A
{resh timcture gives better 1esults than one 1 which the sodmme flukes
have heen fo1 a time wn solution The marhings on thi- 125-pound
rail gave a less lavolable unpre~sion on the photographic prmt than
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the structural <tate of the <tcel waanted  The most truthlul maik-
mgs are those which piesent ~harply defined outhnes, easily recog-
nized on the tail w=ell bul not clearly distingmishable on photo-
graphic prints

Figure No 201s a view of the top ot the head of the 125-pound rail,
shown 1 cross section by Leure No 19 A heavy fin bad been
formed along the gauge <ide of the head, the lateral {low of which
amounted to about one-half an wnch  The runnmg surface on the
gauge side was smooth  On the outer half of the head the metal waw
lamwnated, the edges of which hal a rippled appearance

Figme No 21 represents an etched section of an carly wrought-
wron 1a1l, of about 40 pounds weight per yard  'The hetelogeneous
character of wrought o1 puddled won 1s ustrated mihim1al - Not-
withstanding the appearance of etched sections, this metal 15 known
to possess properiies whu make 1t peculiarly well adapted for cer-
tamm purposes where a combmation of strength and toughness 1s
requied

The prevalence of streaks m steel 1ails, m those of different weights
and different years' 1lling wa~~hown by the markmgs witnessed on
each of the sections cvunmed  The general re-ulis of the examina-
tion ol rails of recent fabrication show an wunprovement over the
eatlier rails 1 respect to a dunmution m the number ot sticaks

The myestigation of the to-pound ral mcuded mea-urements of
the mternal strams in the ~teel with correspondmg measutements- on
ihe companion section~ ol the freavier rals which have been shown
m the etehed cross <wvcon- Fgure No o 22 chows the stiams and
corresponding slres~c- measured 1L places mdicated by the shaded
secttons, when otrips wore dotached fiom the body of the raill  This
sectlon was taken fiom the le vving end ol the rail just bevoud the
portion covered by the <plicc bars  The mumediate surface at the
top of the head wa~ shown to have acquued verv great hardness It
was dullicult to file Suilvce metal had to be removed with an emery
wheel to pernut didling the 1eference holes which defined the lunus of
the 10-mnch gauged length locared on the 1unmng surface  The wutial
compresston at the top ot the head, 18 900 pounds per square mch, 13
attributed chwelly to the colid-1ollmg action ol the wheals

The wternal strams 10 the Aanges of this section were lower than
usual less than the normal 1nte of cochng in fabrication would be
expected Lo leave in the steel It 13 believed that service conditions,
or thosce attendmg the dermlment, were responsible for these low
values  Re-ults more nealy normal were found 1n a section taken
fiom the nuddle of the length of the ral, selecting a place where the
rail had 1etamed 1t~ straighiness  ligure No 2% shows the results on
this section  Two strips were taken {rom the top of the head The

1.
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stup from the gauge sude showed 11,700 pounds per squaie ineh
compression that from the ont~ide showing 20,400 pounds per square
melh

The relations between the mternal strams acquued by the «trps
from opposite sides of the head are apparently mlluenced by the
ngidity of the steel  In cases where the head mamtains iis shape sub-
stantially unchanged the mternal strams show less vamation {han
1 those rails where a deaided latenal flow takes place along one edge
Lower values ate commonly shown by the strips taken from the side
on which lateral low 1« most pronounced

Figure No 24 shows the mternal stresses m the 70-pound rail the
etched section of which was shown by Figure No 17

Figure No 25 shows the stresses which were present m an 85-
pound raul A high state of internal stram was found i each lalf
of the top of the head  Concerrung the strams in the flanges 1t 15 1n-
ferred that the flange on the gauge =ide had been locally deformed, by
reason of which 1t was left m a final state of tension, mstead of com-
pression, the normal stram due to cooling

Figure No 26 illustrates the stresses m a 100-pound rail, one
which a transver-e fissure had developed o service  The shape of the
head was not materially distorted  The mternal stress was hugher
on the gauge side than on the outside of the head

Figure No 27 represents a 123-pound rail, the etched cross-section
of which was shown by fignre No 19 and a view of the 1ummung
surface by hguie No 20 The miernal stress in the strip from the
gange side 15 seen to have onbv one-third the value of that fiomn the
outside of the head  The influence of lateral flow 15 helieved 1o be a
factor 1n the differenee 1n stresses here displaved

Figure No 28 dhowns the internal stresses m a 125-pound rad taken
trom o eurve  The low values i the <tnps from the top and the
gauge g1de of the head will be noted At an intermediate stage in the
megsuenonts there was a stramn at the top ol the head corresponding
to 6,600 peunds per square mch tension  In entting up these sec-
tions, the removal ol strips from one part of the cress-section dis-
turbs the relatiens of the strams m the lemumng parts, mereasing
the pumitive strams 11 some cases ot, a3 here showl, 1eversing the
state of strain

T 1aals which ate oxposed to cousaderable wear there 15 necessarly
a gradual change i the 1elations of the mteinal strams accompany-
mg the changes 10 cross section The ~tian < of tension m the mnte-
niot“of the head must urdergo charges 1 location correspondmg to
tho-e parts ol the head which ave iy compression This feature may
be expected Lo have an wfluence on the lite of the 1a1l, m the devel-
opment of fatigue fractures  The reduction m area of the rail would
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also change 1ts section modulu- and mcrease the magnitude of the
fibre stres-es due to bendirg load-

Figuie No 29 ~hows the intcrnil stiesses m a rew 125-pound 1a1l
This 141l cooled notmally on the ot bed  As here shown, the cool-
wyg stresses m new 1ails are nonmedly less mo the head than o the
Nanges  The sttesses m the hewl attam o state of ascendency, after
the rail reaches the trach duc to the cold rolling of the wheels  Lon-
gitudimal <shearing strams wo neces~anly set up m the metal ol the
base whele opposing ~tiains ol (anson and compress101 are preseut
m juxiapoesition  The ~amc must also be truc in 1e-pect to the
head whete the reaction of the extenor stiams of compresson 15
taken up by mnterior strams of ten<ton It follows that an crease
mm compressive strams at the 1unnming smface of the head taalities
the formation of transver-e Liute~ and tends also to cause longitu-
dial seams, both hemg ditecthy ugmented by the wheel pressutes

Figuie No 40 illustrates the ~tate of mternal stramn which was
found m an old wrought-non raill Along the top of the heed, stresses
of compression wete pre-ent whieh reached the value of 24,020
pounds per sguate mch  One flange was m a state ol compression,
the other mn a state of ten<won The strams exhibited by the <trip
fiom the top of the head wete 1l highest observed m the present
ser1ee 0l mea~urements  The ~traws at the mmediate top were
even higher than the fisutes 1epresenting the average value o1 the
stp This was made wppaent by the stip assumirg o curved
shape when detached convex on the <ide of the runring ~uttace,
the deflection of which wi~ 022 1w0¢ch measured on a chord of 12
inches

The peimanent chatacter of mternal «trams 15 well exemplfied
m this ealy rail  Severd decades have doubtless elapsed simnce
these stramms were mtiuvducd

The shape of the he'd ol the wrought-iron rail 15 favorable for
acquuing and 1etamng o lugh ~tate of mteinal -tram  The wheel
loads, which 1t recetved wele no doubt very low m comparmson
with those of the present time  Experimental tests on a new steel
tail, previously teported, have shown the acqusition of higher sur-
face strams by the lower wheel loads The depth of penetiation,
howevet, depended upon the magnitude of the loads, a greater vol-
ume of metal bemng affected a~ the wheel louds are increased  The
volmme of metal affected by the wheel londs must be taken mto con-
=ideration, as well a~ the wtensity of the mternal ~trans miroduced,
w judgimg of the effect of wheel pressures 1 promotmg ruptute of
the rail

Supplementary tests were made on two ~ections of the 60-pound
rail, To1 the purpose of Wllustrating the changes i (he mtenn al strams
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wluch may be accomplished by beuding loads, mdependent of the
cold rolling action of 1the wheals  Omne section was hent downw aid
that 15, with (he head o1 the concave side stramimg the flanges m a
tensile direction  The flanges were lelt 1n a state of nitial compres-
sionn The 1esult of giving the rail a sbhght permanent -et mn this
direetion was wicertam, on account of doubts attnching to the mag-
nitude of the primitive stiains The seeond ~ecticn was hent upward,
that 1=, with the head on the convex «ide straming the flanges m a
compressive direction  This bending resulted m o reversal of the
prmitne stramns, the langes bemg changed to a [inal state of tension
Tt was thus shown that the notmal strams of compression i the
llanges mayv he 1everzed and teusile <trams mtroduced by cold
bending, although the permanent sel given the 1ad 15 of shght
amount Tho sketches herewith, m which the cuivature appears
very much exaggerated show the stresses which wele present m the
opposite flanges of each section after the bending loads were applied
and released

Heod bent downwerd

M
w

2400 L8S 3000 L3S
Compression 1n [/anges

Head bent upwd re

S400 LABS IBCOo L A5
Tensron in tlanges

A tabular statement of the results of the measurements of the
mternal strams and stresses follows
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Tapis No 1 — Lot stresses am sieel 1mils

[Stresses> pounds per square Inch carresponding to measured strams  Compressine strogses In ordinai y
faced type  lcor 1l stros ¢ mheavy taced tvpe |

ITead Base
Nu -_ — —_—— —F —
of see Deseription ! Web Middle
100 Side Top Side Flange of |Flange
‘ width
' 60 pound Cambrarail, rollea |
March, 1887 \
1 section taken ncar leds |
g end ERU 14 900 400 | aon a0t 1,200
2 Seciion taken near mil
dle of Jengzh "I T 20,400 s, 600 900 8,400
9, 7 ponnd rall “Camlrn 50!
Ihe No 538 1000 I11 14 200 ‘ 0,800 4 800 \ T 800
4| #5poundd rall P 9 w30
Tlnas” 18 G 21, 000 4800 | 3,300 E100
51 100 pound 1311 COIT 10031
T8 (o Galy ITILITTINIIT
1912 10 %0 12 600 57001 G 300 8,400
6 15-poundral “Pa19l4 IX » 70017 F00 14 100 | 2,900 12,000
125 pound rail  High 1l on
curie 4 210 RV 11,400 | 2,700 | 11 400 14, 400
| 125 pound rail New rul 1wk kR 1200 | 4,600 [ 7,200 3600 7200
7 " 40 pound ral Early wroupht |
| ron raal 24 920 ! 4, 760 1 680
60 pound Camliria Tail hent l
ownward 2 400 3 0e0
‘ t-pounj Lambra rail 1Len
upward

3 l[)(b‘ 3, 900
! ! 1

The results of chemical analyv~es and tensie tests upon three of these
raidl sections appear in tables Nos 2 and 3

TanLr No 2 —( hemreal enclyses of rarls

Noa of] | ’ [
580 Dresct | riat C AMn r 8 S
bLon
1 ' 60-pound Cambria rail roled March 1845 \ ‘
eadl 421 0By 0132 1p0na8 0 083
Web 472 89 ‘ 168 112 08y
DBasg 431 87 13~ 086 083
3 [ Thponnd rul < Cambriy 70 11 Naoo a0 14m) I117 |
Heal 48 08 088 047 0695
Thoh | ] 102 129 19 115
Base 49 08 088 036 | [HED
I
6 | 126 pound raal ¢ TP 510111 | ‘
Hral a0 28 026 022 110
Weh 'z 6.2 \ 030 036 4
Tase 80 | 58 024 021 110
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Tansir Nao 3 —Lensile tests and hordacss defonimnetons on longiudinal specumens prom
heods o) vials

| N J—
Mo of Elashc | Tonsile ¢
0o it | & rength | Contrac | Appeir  Hrooell
Tec Trescription PeT per h‘%?gl{;} I 1wm ot ance of | har .
lien | 5QUATE  SrUST | area [ractare | ne-s
mch inch

Pounds  Purids Pureent Poreent
1| 60-poumd Cambria rul rolled Yureh 50,200 102 000 <. 82| Granul.r 200
188" I 51 140 101,300 LY § do
I
3| "0 poundral  Cambria ¥ lhs No 39 1 62 a7t 102 020 3 22 da 242
1900 TIT }

G 12% pound rad ¢ P <1914 T 7 | oG 400 REY 000 | 11 14 i do | 271

Ral falures are usually traceable to defitute causes upon which
the rails themselve- furmich rchiable cvidence The fractured sur-
taces are the written pages npon wlich the dato a1e 1ccorded  The
meiplent potnt of rupture, whether located m the head mn the web,
or m the base the progesave development of fatigue fractures,
relerriug to the tvpe of transverse fissures, the direction 1 which
the fiacture traversed the cross section of the raill  distinetive marks
diferentiating primary und secondary lmes of rupture all of these
featmies are commonly shown by the fiactured surfaces

In the exammation of a fractured rail, interest primarly centers
upon the metal at the numediate pomnt of erigim At this place the
stractural state or phvswcal properties of the steel or the cemditions
of service reach a maximum and become 1esponsible for 1ts faduie
The fallure of the present rail was undoubtedly precypitated by the
seamy state of the melal m the head  The steel was of medium hard-
ness i 1espect to 1ls chemueal composition  Wheel loads had not
distarled the general shape of the head except at the broken section

Ropeated mnpulses along different elements of the head, their paths
varving o conding Lo the hmes of contact made by wheels of different
contows of thicads had effected a hardenng of the surfacc melal
covering a width of 2 mches

Internal strams were introduced, amounting to many thousand
pounds compression, mensuted i the direction of the length of the
raill - Lateral flow had taken place m the metal next the top of the
head, shown at the surfoce by a (lattemung of the grans, and necessanly
exetting an effect on the interion metul Under the influcnce of
lateral flow, 11 13 beheved that an meipient c1ack wus started m the
mterior of the head, this effcet reachmg some lhne of structural weak-
ness, or place wheie the contimuity was mterrupted by o slag o1 other
seant
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Y measurable merease 1w the width of the head 1 rails which have
otherwise mamtamed hen prinutive shape, commonly signifies that
4 seam 1s 1 progress il the mteror  Very sott rails mav show -
creage 1 width without a ~-phit head necessanly bemng m process ol
development  The deloimauon may be confined to the formation
of a fin along the side of the lu Wl The detectron of a sphit head m
the very ecarhest stage of its development does not appenr [ewsible
In 1t- more ady anced stage the general merease m width of the head,
or dioop at the under side o1 1 discolored line along the rutning
surface, are the recognizrd mdications of the prescnee of o spht
head By reason of the difliulties attending the detection of o sphit
head before 1t has reachcd m advanced stage, and the possibihty ot
error 1 judgment e wnterpretng the sigmificance of the flist visible
mdications, overy offort <should he made to ehmmate the presenco
ol streaks from the steel

The sequence of the passe~ 1 the raill mill, in the redaction of the
bleom, 1s shown to be [avorabli i respect to the modification of the
formm of the streads which are located m the different parts of the
(1088 section of the finshed 1 ul The streaks have an acicular forma-
tworn. m the more critical puts ol the head and the base, one which
probably muntmazes thew mfluence in leading to split heads and some
kinds of base ftactures  [he drafi of the rolls converts these aciculor
limes into seams of consuder thile width m the metal of the web and at the
junchion of the web with the hewd and the base  Structurally, these
seams are more detrimenti] than the acwular lines, but they are
located, fortuitously though 1t mav be, where their presence 1s »eldom
lelt

A ecarctul examinatin of the metal at different stages fiom ihe
mgol to the fnshed 1ul 15 essenual for e thorough exposinon
of the subjeet of streaks  Blowholes and shrninkage cavities disap-
pear from view m the carlv passes of the bloomng mill  Slag or
other nonmetalhe inclusions, found in globular form m the mgot, are
drawn mto acieular hines i the fimshed rad, modified m shape at the
weh, as nbove stated Regions diffeing m chenueal composition
from tho smrounding metal appear as bands of vaiving width and
thickness  These structural variations are frequently of such an
order that the results of cheimmical analysis do not adequately indicate
tho state of the metal Drllmgs for chemical snalysis tnken ot o
sticak are so diluted by the surrounding metal that the character-
1stics of the streak are obscured  If the seammess 1s due to an meom-
pletelv welded blowhale, struetural 1ather than chemical meamfesta-
tions should be looked for  Microscopie examination offers a prom-
ising method of test i this connection


file:///isible

ACCIDI NI NEAR WEWARK X Y | FIBRUARY 16, 1917 13

All ranls are subjected to wternal strams, which are not neghgible
factors, as the magnitude of their values indicates I it wete leasible
to furmsh 1aals mutially tree from mtenal stiamns they weould not
remam so  The cold 10lling of the wheels 1n the tineh prompthv
mtroduces strams at the tonmunng surface of the head  No grade of
steel has been exammed whieh has rewisted this action of the wheels

Anotlier featwre nay be mentioned th conuection with the mtro-
duction of mteinal sttawns and which vesulis- from the apphoation of
overstraining loads 1t has 1eterence tathe impaument ot the prim-
trve values of the elasbic Tt both e rensien and m compres-iomn,
and has an mfluence upon what mught be termed the siate of ~atu-
ration ol the stecl for mternal strams  An oversttmming leadn either
tension or rompiession has been {found (o lower the elastic imat of
tle steel e the opposite ducetton Tnacquunng furthet wmfonmation
upon the phases througl which the metal passes i reacluog ruplure
tlu~ teature will 1equiie consider ation

There wa- a notable differenr e m the hehavior of the <tnms which
were detached from the head of 123%-pound raul No 6 The stnp
fiom the gauge side of the top of the head ssumed a concave shape
while that fiom the cutzide sprune mte a couvex shape earh with
reference to the tunming suiface  Both <tups showed o mean state
of compression as previously stated  The <pringng of a strip mto
a cwved shape 15 evidence that the mten-ity of the mternal strans
1> vattable, changmg at different depths trom the surface Tt fur-
ther appears, m the case of these two stops, that the rhanges 1 oue
were 1 teverse o1der to thowe of the other thiz reversal ociurimg
passing from the gauge <ide to the outside of the head a distance less
than thiee inches  These and other variations withessed 1 rails,
after & term 1n service stand as records of what has oceutred 1 the
track, and furnish a partial answer to the query sometimes made
why all rails do not fanil when some do  The permanent 1ecord
found m the rals theme-elves ~hows that they have not all been
strained abke

In conclusion it appears That the fallwe of the rail which led to
the present derahinent was caused by a ~plit head

That the splhit head resulted from a condition of streaked and
seamly metal,

That mgot condilions were 1e3ponsible for this stieaky state,

That warmng wa~ gmven of the development of the hactwe by a
decidac incrcase e the widil ot the head priot to the tune of derail-
ment, and that <such warnine called for the 1emoval of the ral from
the trach
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SUMMARY

This 1a1l faded by developimer a spht head, which 1t dwsplaved
after o term of service of thoul 30 vears  Scartnesy of the metal
led to the falure a condition which had undoubtedly prevailed
durmg this long interval of time <nce seaminess ot this kind origi-
nates m a condition of the meot from which the rail 15 10lled Tt
can uot be stated when <epar ion of the metal first occurred nor
e rate of progiess of the seam which finally ~eparated the head
mto halves  The rate ot cvlenston of the seam was probahly an
accelerntmg one during a «ortun stage of 1ts formation, although this
accelerating rate of extension may not necessarly have contimued
up to the time of final t11vtwe  The <imooth, battered surtaces of
the sphit head mdicate that e 1l had existed substantially i the
state ot 1ts final conditton fo1 ~ore hittle time betore the iracture
was tompleted

Wheel pressuies tend to mmciea~e the width of the head of the
rall, and when the effect~ of such prossures penetrate a sullicient
depth and encounter a ~tio v or <eam i the <teel, an opporturty
1= offered for the commmenremont of a split head

Wheel pressures caw=cd o uadenmg of the <teel in this rail at the
munning surface 1t was ~upctfienl but very hard at the mumediate
~urface ol the head  The Ihitteney of the grams just below the 1un-
ning swilface 15 shown by the photomicrographs There was evudence
of lateral flow but no dreitt 11 emaitudmal direction

The scamiuess ot the stec] w = ~hown on polished and etched sec-
tims  Cross-sections of the 101l showed these markwgs as dot= and
shiort lines on o longitudimsd <cccwon they appeared as stieabs  The
teport calls attontion to the difterence 1 the founation of (hese
streaks i different parts of (1o rul  In the upper part ot the head
and the lower part of the s thes are needle shaped, or acicular
In the web and at the june toom of the web with the head and the base
these needlehlic streals a1e couverted to seams of con~iderable
wulth  This chanoe m loinmauon 13 due 1o the draft of the 1olls m
the 1l mdl Strwctmally the seams are more menacng to the
mrearity of the steel than wie the accular hires Fortunately how-
ever, the wider seam~ e located m such pal- of the rail that ther
presence 15 seldom fell or desclosed  Tn cuttng ap sl seciious for
examitiafion 1he machime 1ools are trequently broken when a ~eam
15 reached which dips awav from the tool cut showimre the tendenes
of steel to «plit alone the plane of a ~cam

The exammation of 1a1ls of difTerent werghts and of different yeais
oulpat shows the prevalence ol strcahedness 1 some degree momost
ratl~ Y comparson of wails of cailv tabocation with those of cutient
manutactuie 1~ [avorable for those which are heme made at the
present tune
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Measurements were made of the mternal strams m the 1ad which
caused the present derarlment, also those which wete i other 1ails
taken trom the track  Service condwons mtroduce ~trams mto all
arades of steel and ot oll werghts and types of 1ads The valoes of
the-e stiams awount to mans thousand pounds per square mch, and
ihev ate permanently retaned m the metal, m wiought uon as well as
in steel.  An old wiought-ron raill which was cxammed, displayed the
presence of strams which had probably been locked up in the metal
upwald of 40 vear~  These mternal stiams mav be modified by track
conditions, and the state ol mnternal stram of a rail, when properly
mterpreted 1~ a reliable mdex of what occurred m the track preced-
g the time of the exammation

The tange m values of the mtemal stiams witnessed m 1a1l trom
the track 15 wigmhicant  They stand as permanent 1ecords for what
has taken place, the ~ummation of fabrication and track conditions

In the heht of present knowledge 1t 18 mpracticable to deteel a
spht head m ats carliest stage of development  Tnapient seams are
found mn 1a1ls m which the metal 15 <eparated hardlv the thickoess
of a sheet of paper, vet the seam may have eatended one-halt inch
o1 more 1n depth Tt s net until the width of the head has mereased
a notwceable amount that the presence of the spht head admits ot
Bewrp detected in the track  Pewcoptible mcrease mo the width, a
drvop at the undel side of the head, and a daik ~treak along (he 1un-
nimg ~utface constitule the visihle evidence of a sphit head, all of which
wndications mantlest themsels es late i the development of the [iac-
tie  Under these croumstances 1t 1s necessary Lo exelol-e the
utmost viglance wmn track wnspeetion The dithealies of detecting
an maptent crack emphasize the mportance ol chninating strealeed-
ness fiom the steel as far as the art of steel making renders 1t possible

Respectfully subnutied
H W Brixar,
Ohaef, Dision of Safety
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