REPFORT OF THE OHIEP OF THE IURRAU OF SAFETY COVERING THE

INVEGTIGATION OF AN ACCIDENT WIICE OOCURKED OB THX

ARD, CINCINKATI, CHICAGO & 5Y, LOULS BATLWAY
pvks, O#IO, ON WARCR 30, 1917,

Dessmder 38, 1919,

To the Coumissiont

On Maren 50, mv siere wee s devailment of a pocw
Mﬂn train on m mm sm Cinoinnesi, Chicspo & Bt,
Suwm Cleves, nwxuammxmmmm
of o m& m wployees, After fnvesti-
as w pature and osvse of ¢ aocldens, I beg
mms ths following reporss

The train invelved 12 this seocidemt wee psasengey
tyain Ko, 31, known es the €oyal Palm, s youse from Jeok.
sonville, nmg to Ghiongo, :c:n. It oonaisted of looumotive
8950, 1 ateel underfrane LEIRM
soxbination ear, 1 stee) ohsir oer
of steel oconstyuetion, ) Pullsan nimm gar with eteel
underfraze and wauwx.m and 1 Pullimen lidrery cbservation
gay of um mtwﬂ&m. in ohayge of Cenduotor W sl

This train left Oinaionksi

&t ).um mm mmwamm late, wi go

»an on the uw&ma track from Riverside, ha ﬂun wost of
Cineinneti, %o Valley Junotion, 19,7 mxu wost of Cineinno~
tiy snd then oross over t0 tho westbound t¥reck, with rights
om all trains. It passed Pernbask, 1B mmua vest of
Cinoinnatl, at 1,48 2, ., s0d wes dmilqd st & point about
B uiles wost of Ferabank, or asarly a mile west of Cleves,
at sbout 1.60 a4 m,, mﬂn maning 8t & speed of ebout W
ailes an Rour.

The front vhesls of the engine truoks and the rasy
trucks of the tender weve dersiled. The losvomotive and bage
W oar separated from the sonbinetion cey about £0 feel,

Jooamotive running sbout 648 fect bhefure coming %0 &
mazh soxbination onr was ummma from the remainder
¢ train zbout 30 fees, Wﬁm of um bagaere eay
mmnnmmimmuwwg body of the
eombination eay was thrown from ite wmeiu and stood upright
beslde the tynok, the euair oar and 5 Pullman sleeping sars




wlie

wore deveiled and vuze %0 rest at an sngle of sbout BO®, and
the frond txucks of the other Pullusn ping cey were dew
railed, Practicsally sll the Scnage %0 the curs was &ond to
tholr truoke, FNiguve Hoe. 1 shove & view of the derailed traim,

This part of the Olevelsnd, Cinetnneti, Ohicego & 8%,
Louis Rellwey 18 & double«tyook line over ms.oi trein movew
zente are governsd by tise~tsble, trein orders, snd s mamasl
dlook system. The tresk mﬁsﬁ of #0«pound etecl reils,
33 feot in lemgth, with 19 or 20 ties undar eneh yell, tiee
plated and single-spiked and 1s ballested with sbout 5 fees of
vel., The dereilment ofcurred on & ourve and on practigeles
level tracks The wosther at the tine wens clear,

Bngineman Murpdly stated that his trelin left Cinolumeti
80 1483 uy %y, end veas yunn &t & speed of about OO miles an
nouy vhen he iﬁ# the engine jar snd the gravel bagen r:mu?.
at vhloh time he epplied the aly brekes in emergenoy, thinking
the pilot zay have follen down, The front trusks of the loodte
zotive were the firat to be derailed, snd when the Srsin stopred
he looked haok and sew that the oars were dereliled and partd
1y tipsed over, AS the time of the dersiluent he wes sitting
b vesckuraing beLoily e Tis e e Sadh siatnlg

& ‘ aa s trask p
a2t lenst 800 feat in sdvenoce of the lostmotive, After the Gee
rellnent ke ins;eoted the wheels, flanges, end sxlee of the

tive, but 4id not find enybhing wrong with them. O

examing) the truok he found o byrokem rell, which in his opinice
was the ssuse of the dersilnens,

Sonduotoy | stated that sfter the scoldent he e
salned the Sreck for the purpose of assertainming the osuse of
the deraliluent and found & ;lege of the droxen rall sdbout 28
inshes long iying in the ballast of the westbound track et a
point about 500 feet from where it had originelly been in the
track, All of the hresks in the il eppesred o be new bLreaks
snd oo flows Of any kind were visible,

Hastery Meohanio Baruer stated that after the asoident hwe
mmt?o m&x gmtof 1::“”“” Magtgi ﬁa‘;ua :ﬁg
ADZes o6, ote good eondl Bo
waa uw &hti m’éu !k:;i ssused the Aemlimh "8

Bupsrvisor of Trask Folks stated thet he reached the
sos® of acoident abous 3.30 s, ., 204 nade an examination
of the treck. He found two brokem rells, the eset rsil being
brokem into six plsoes. Re osuld find no flews or dafeots in
the relle, und so far ss he oould determine the rails were
in ?ed sondition syioy to the derallisent. He said thet thile
sestion of track had been inspested Ly Wesckasn on twy dirfferant
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oaoasions on the duy hefore the soeldent end he had passed
aver it the soume on truin He, 1B, and the track =
iy wvao all :ig§$a bis inspeotion after the acoiden$ he
could f£iné nothing that. sh have saused the doreilzent
other than the hroken rails.

The lsst train to puss over this track prior to this
deyailuent wes es.tbound freight treln Ho, 80 which pessed
sbout thres hours before truin Mo, 351 wes dermilied, and the
orew of that truin steted that they 414 not nmotice sy une
usuel roughness of the treock or saything that would indicate
thet 1t wee not in good sondition,

The dereilment wes gloarly the result of sn opening
baving been made in the tresk by the bresking of prorticas of
two adjsoent rells on either side of the loint whioh sonuected
then, While this feot is well established, there 12 & dlversity
of opinions az %O what pars of the trsok was the firat %o
ture, Different theoriss “ave bew offered az to the ate
asuse of the dersilnent by those who peyrtioipated in the exe
waination of the track amd the froguents of the relle,

Orrioials of the reilwny, who were the first o ressh
the sgene of derailment, in deseriblng the sp earunce of Crade
ture B, aa shown by figure Ho. B, state that it ued the 1ndioee
tione of having worked up mnd down end was slightly wora, ue
the breek was & vers recsnt one: that all other frastures were
abeolutely rew ones. In this eonneation 1% ia to b8 noted thad
the opyoaite surfaces of fraoture B 40 not fit togsther well,
g?&wing thet thay were hruised by different oblectastyiking

10

ey P, B, Dudley, conmulting engineer, lew York Centyal
Lines, in reporting upon these rails, sonsidered that the
first byesk oscurred abt B, between fregwents L end I, probae
bly before the numesous brseks in the two rails, snd was of the
¢pinion that this bresk was caused by sone yrecedisg trein. Be
poiuted out thet the bhearing surfsce on the inside showed thet
the drivers zad Desd #lipp extensively and had hardsaed
the metal} furthergore that the prisery csuee of the fracture
in his opinicn, wes the hardensd layers, ocsused Ly slipying on
the beay surface of the rsila, thus iuﬁucing LIaLaverse
oracis, which he found in 21) of the head frectures; and that
the negative segregetion of oerbon and phosphorus in the anale
yses whioh he nade, indionted that 1% wes & rall froam the lower
pars of the ingos,

A inapecting buresu reported thed thils relil showed ob

fte etohed curfaoe e kind of poyous styue gonerally indie
sstive of e loocstion near the top of the ingot, end shat nelther
rell showed any. zaried indioutioms of tion. Referving

to frooture A, it was stated 1% had indlostions of being &
rrogressive rraoture and that some of the oross sestion wus
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evidently brokes & considersdle time prior to ultimste
failure,

Plvergent views wore thuse wxnressed congerning the
sirounstences wiloh resulted in the derslizent of tals trein,
The two relils end thelr conneoting spiloe bers were submitsed
to Mr. Jawes B, Boward, engineer chysioist, for exsmivatios,
wio makes She Tollowing repors, 800omyanies by Gass WpoD 80N
additional rell zeotions,

Aginow] t is aade of the coepercilon of br. Dudley
end offislials of the Clevelsnd, Clnolnneti, Chigeso & Ut, Louis
Regdway {n the investizasion ei' these uenbers,

REPORT OF THE ZNOINKER FRYSICIST.

Two retils were fractured at the derallnent of train
Hos 51, on the Cieveisand, Clzalanati, Chicsye & 5t. Louis Reile
wuy, Bear Cleves, Ohlo, ﬁum 30, miv, nacsely, she lsaving
end of one rell end the recsiving end of the other. An opening
was made in the trayk by thess fraoct.ves sbwui 18 Pfeet long,
symmetrical with the Jolat belwosu the two reilys, Shrough
whioh the derailed oura of the treln passed,

These rails were of 80 pounds welght ey yard, American
Hooiety Civil Engineers aseticn. The eusterly one »aus & Jesseney
rail rolled hy the Curnegle 3tevl Co., and bronded “Curgegle
Os W, 904 1908 IILIXIIIII®: the westerly one wus an opéd-hearth
rell rolled the Illinois Bteel Co., snd bransed *0.H, 9008
I 8 Cos Osxy Wie, IIIT 1011,* The bdrsnd mark ocn the outey splise
bar, which econnected these rails, showed that 1t wer made as
Joliet, X111, in 1908,

The length of time whioh thsze ralls were in the treek
&t the plsee of dersilment is not inown, Host of the track {n
that vieinity wus lald in 1008 with new W‘{m rails rolled
by the Illinvis Bteel Co. Trom this it would appear that these
particuler yails bad teen used to repleos others which hed bLeen
removed fyom the trsck. It is yodsble that each one had beem
used elsevhere, following the umill practice of replassing individud
rallis with those whioh hed been in servics and worn t0 aboud the
same sheps of hesd as those whieh thay replacs,

About § feet An length of each reil wes fractured. In
the Beszamer ymil there wore five lines of rupture through the
baad; in the opemshearth rell there were ulx lines of rupture
in the fragments of the hesd whioh werse yucoversd, some of
whioh were lowt., An e¢xanlustlon of the frzotured surfscos
showed thet emoch line of mupture had 1%s origin st the wfw
corner of the head, on the gauge side of the rail, From its
initiel point sach fracturs extendsd downward €.rough the wed
and the base, direot or odbligue oourses thaough the
lattey portions of the oroes seetion,
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The reila brove into relatively svall sleoes in the
sedtions whioh were nesr the Jjoint, with longer Tregnents in
the more veswcte portions, The z*mr%u of the ysils coversd by
the splice bars, due to guok relnforoement, re alned fntaot,
The freodures in the hesds of each ware brittle onen, & very
limited degroe of duetility being disnlaved in the bhresks
whish were made 2t the time of the 4derullvent,

The inner splice ber wes found bhrowen ok the First
Polt hole, from the Joint, in the end whish encered with
the Bogsemer rulil, the line of rupture mving 1ite origin at
the s2lides of the “ole. EBvidenee -Yesentad by the fishing
aurfsoe under the hesd of the Boacemer rail led to the bLeliel
that the [rasture of thls bar weie oue of long standlog.

The outer splice bay was fmoetured norosse the middle
of ite length, opposite the joint at the rell ends, The origin
af thls freoture wes at the upper edge of the bar, Ite full
developnent cn% poared 1O huve taken rlaoe st the tind of the
derallment. It is Delieved that the frooturs of this dar pre-
eiziteted the dersilaent. In 24di%ion %o these fragtures
thare were two athers in proovae of development in the outepy
bar, one starting from essd of the two spike alota in its
Tiabge, Of the four lines of rurture diaspleved by those $wo
81100 Dare, two of whioch were in o pertis) state of develape
oent snd twe of whioh were conplete lines of mypturs, three
are believed to have ronshied sudetantially the state oF dow
velopment in whioh they wers found prior o the derallment,
the fourth iine of rupture, located at the middle of the
length of the outer eplise bar, slone belng estirely acoome
plished at the time of the derellineut,

The srozimate csuse of the dereilwneat iz asoribed
0 the frasture of She outer splioce har st the uiddle of ite
length, the lines of rupture in the rails being regurded an
seooondary inoidents end suocessively developed in each 4irese
sion, east snd west, from the Joint.

Tha fractured splice bars were sttached %o the frezzent
of the leoving and of the Heacemer yoil) when this exmsminetion
begen. The riehing surfece under the head, on the inside of
thls reil, wes worn ssooth for e length of #-3/4 inches from
the end of the rall to the Ureactuved end of the inaey splice
bar. The overlapying end o2 the longer fiaguent of this dar,
whioh it ssyvice was attached %0 the opmiwhearth rail, was
held responsible for this snooth spot, and osesezioned by the
forverd and baokward movenents of she reil ends duying the
vasoage of traine, Thie worn spot is evidenee of the earliier
fopsstion of the fragture of the inner aplice bar,

Two i&m of track boltes wewe used in ssouring she
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splice ders to the Bescemer Pull, heving dlacelers of
thirteen~aixtesnths and fiftecn~siztecaths of cn laeh,
respeotively, The Blt used in the exd hole of the rell

hed the sseller dimsetsr. The bodies OF these nOLte were .
reduoed in dloreters by corrosicon, wust “oving reduged the
thirteeneaizteectis inoh bolt 40 & sinimum dicmetop of 0,70
inoh, A heavy rust had aeoumcleted botween the splice bars emk .
the web of the ratl, A

The tops of the hoads of the reils showed roughoned
surfaces, due $o the a&1§§1gﬁ of driving vhoels of auglnen,
e surface metal woa dresoed or foroed daokward ezalunet the
diveotion of the surrent of trarlffic Ly the sllp.lag of whocls
in starting trains, The polnt of depailazent and losutlon of
these reils was just davond & water plug. -

By reason of the seonmnioal work done on the heads of
Lue vells and the heat dsvelopad b the slipoliog of the whesls:
the sanning surfases of esch rail had sgguired a 3tade of eXe
trene hardness, Hardness and brittleness in ateel are Pese |
bures whioh socomyuzay osoh ather, =nd brittlencass of the RN

surfage notal wac doutitlens @ wontridatory acuse in the SN
wreeking up of these ralils into smell fraronts. Tho frate EK‘ (
tures developed at She time +f the darsiluent in asoh val} s
ware prastically dewold of duotilisy, ' wﬁg

Hew 90-pound rails, rolled in 1918, ware used in Mo« '
pairing the track. An exnminesion was mede of the conditiom | °
of these yalls after they "ad Veen in ascrviee n pericd of 5
aight montha, slao noting in this osubsoguent Inspestion the
oondition of the aplice bare in thet visinity. e !

The mnning surfaces of the new ralls hed coquired \
substentislly the same youghenod state as the reils whieh \ o
broke; a condltion not unlike thai of other rolls in the Sy
vioinity on both the ssrtbound snd the westhound Syuoids e
Kony 1llustrations, however, are net in which driving VTN
whaels heve ali??iﬁ in ah&xiimg treins, st stations end -
water pluge, on grades end sisewhers, Thers i2 yrobetly SRR
B0 yellrosd whioh is exespt from s:ch exarples, P

Track inspestion showed tho 'voseuse »? lnolslent
aresiks 5P conplete lines of ru, ture in rany of the a?liaa
b&ya of the t7;¢ inwvoived iu the dersilusnt, On the suTve,
euct shd west of the ¢ int of dereilment, in the trumok on

:loh 1t oogurred, there wers 25 sylice bare naving ineiplent
erscks Lo Alffsreut staces of develop-ent or wiloh displayed
oomplete linee of rupture, These had thelr origiuze et the
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spike slots, oxtending thenos upward to the nearest d»oXS

hole or completely separsting the dar, No joint was foudd,
howover, oh had nore than one orack, whether inoipleny

or m;:im line of ru.ture. Two splice dars, one on the .
ocsthound and one on the westbound track, 4lspiayed ine
olpient grecks, each of which had 1%s origim ot the upper
odge of the dar opposite the Joint betwesn the rails, *

The state of interusal straine in the rails was 8o
tupmined 1n & sories of odasrveticns mede on ocertain of the
fragumts, followed by bending tests of the detached heads,
and seotions ocomprising the webd and the bess, Transverse
tasts were mude on S«foot langths of esodb rsail teben from
the uebhyoken ends, ons tod of sash bdeing made with the
head on the tession aide snd one with the hesd on the oo
preosion sido. The resulte ere ;Yyezensad in e later part
of the report oF with thoze on the state of streln in
sone now yaila of $0e-pound weighs, ia whioh traseverse fise
purws bhad Lesn exporinmmtally develo Yy weans of rogressive
wms. alsg results on the intsrmel etraing in & segregated

o

A tabuler stetecent is given of the cheniocsl oUme
position of the two ralls inwolived in the dersiluent, come
gﬂ%&nmmuma zade by the offielals of the reilway,
m e fuspeeting dresu, and sheok saalyses of each

[ ]
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suslyses of Bessamer and epenshearth yuile fnvelved
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Under those oiroumstances, &ll of the fractures
mu:; started at the and extended downward, it would
be inferred that the initiel line of would take
wu at a point where the tresk 2.0 is the wenkest -

¢ 18, at the joint bLetween the rails, %This tysok slrendy
heving ¢ Droken imner splioe Lar, the sgrength at the Jjoint
would be thaot of the outer ber only: The seotion modulus of
the bar was much below that of the reil, therefors the wsake
mélm in she treok norually would be st the Joint, in
initial line of Fupture sloswhere would oall for s desided
lowse in the strength of the raull, or an exoe; tionsl stress
upon the rail not trenmmitted to the Jolnt,

Two splioe bars in the treck in that vielnity, 8ise
playing a.m%m oracicn starting fyom the top ahed
exemples of this nanner ¢f feilure and showed %m rrobebility
of fallure at @ ﬂéas-.nt An the zmanner wituecsed 1o the outer
splice day, Pu hbm%ra. the results of the tyanaverse tonte
ol the %wo reils showed greatey strength them the welzght of
the sngine would be exgeoted t0 put uposn tham. Ko asoessory
intluenoce was found whioh would adequately sosount for the
gunm failure at the tiue of dereilvent cocurring in sither

: ]

In other instances wheel burmns hove been witnessed
whioh have induced the fomation of thermedl orsois ponetrate
ing she nmotsl of the head & suffiolent depth %o ou
impelir the st of the rall, SBush depth of psuetretion
was not roushed these reiles. 1% was not olear that sny
oredk bad extended beyond the zine oF hardcned suyface metal
in the fraotures whilch were zinde at the tiume of the deoraile
nenk, In the subsequent examination two frectuves were
developed in whieh the creciks hed extended iato the soymal
aetal below the hardened surface, resching e =aximum 4ePp8h of
about ons-eighth ineh,

It would pressnt very Alsguleting sonditions 1f sole
you bility for the ders t should atitaoh to the state
of rail due %o the slipping of the dviving vheels, There
are mamny rells in the track, not referring to any periioculsr
reliyosd, in & condition a ressubling those which broke
under tyain Ho, 351. The short interwval of time in whioch the
reils of 1016 wolling, used in making re;airs %¢ the traeck,
have soegulired mbamgiany the outward apyeursace of the
ralls shieh byoke would sdd to the saxiety stteoling to all
sugh ralls 1f shis responsibility was eatablieshed,

Whesl pressures effest & ohange in the physical yprojer=
ties of the metel at the top of the rall, osusiug brittieness
%0 be shown whan the vail 15 tested to destructiong whether
oy not wheel durna are made: TYhese influsnces tmzmﬂ
ultinate ture of the steel, dut 1% would be & sericus natter
if she ma in strength am;o ususl working losds was found
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to e Matd‘{ destroyed by sueh means, Efforts 0 ede
tablish the grevity of she effeats of wheels whiol have
alipped, in the ubsence of dirsot tsats, becomed s matier
of \ involving the disorimination between the &if.
forent phoses of & comuon souros of injury to whioh reils
are exposed, ztmubom&mhu&amummw
of wheals altogether if it were poseidle %0 do so, dut i
secs lmprectiondle to prevent suoch coOUIrENCHS.

A Glstinotion be made between She slip;ing of
a4 wvheel on ons ¥po%, wi $ sdvanos moveoent, end alipping
whaich Sakes place when She truis is in motSon, but when the
peripherel spesd of the vheel ig greater then ite rate of ode
venos. The slipring which sesurred on the present reils took
inoe, Yoy the moest part, when the trains were in motion,
&ilmp was genoral u;tmi the entire length of emoh rell,
Treing ryous curves prosent exsnples of whesl alipping,
owing to the differencs in the aggregate length of the two
sides of the Sreck, In & striot sense, each of the longlitudi.
nel sleaouts on the runaing suxfeos of the head is exposed to
8light effeots of this Rind, the relaticos between the head
of the reil end the treads of the whoels deing such sn they
By

The last renark takes the sudject zuiter juite s 4is-
teance apparensly from the exasples furnished in the ;resent
raile, However, the effests of wheel pressurcs whother re-
sulting in wheel burna, drusging of the surface msetal, offeote
ing s genoral hardness of the steel in & soune next the ruaning
surfeee by mechenisal meens along or together with thermal
ehanges, snd the iantrodustion of inturnel atraing, sll belong
to the same oluzse of phenomencs., There zay be dlfferences
in degree in each oxample, but with one guason teadensy in
8lle-that is, & dentructive influeunos on the integrity of the
rails If m& she .rine osuse of rupture in sny ziven reil

uay be sontridutory %o its fallure, amd iniroduce gohe
ditions csuaing grester destrictivensss of tyaok opd ecuipe
ment when & dereilnent does teke place,

Refsrring %o the exaninstion of the two reils, fliure
Hoe B shows She eppesranse of the fractured porticns of the
Betsener snd the opsdehesrth ralle assenbled and photegmhu
after the dersilaent, The out siows the rails viewed
the outaide, The m?m.s ware numbered from 1 to B0, in-
clugive, in the direstion the trein wes moving. Fragrents
Bom, 1 %ﬁ 10, inclusive, reprosent the ru;tured arts of the
Leseener wti; Ros, 11 9 20, inelusive, those of the opene
hearth rall, PFPraguents of the latter wiloch were not rescvered
cevcuplied the open space detween fregnents 12 and 18, covering
& ledgth of rail of sdout £ feet,
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Twenty-three feot and 11 inches of the reseiving end
of the Descaner rall rexained intast, and 24 feet and 3
inohes of the leav end of the opsh-hearth rall resained
unbroltent, Xaoh dlsplayed bLrittle frustures withaut appree
eiable developaemt of duotility. Arrows show the directi ne
taken by the several lines of rupture thyough the heads of
the ralle, all of shioh sterted from the top of the head on
the gauge side, The roseiving esde of the several e
ware bdattered at the comers of the musning surfsce,
heada of pleces 2 and &, st line of myture nerced B, were
battered endwiee. In m&iiﬂ.tm, the wod of rieoe No, U was upw
oot by somo end blow which it »ecsived, Thesre Lattered suye
fages 414 not it together well, showing the effects of ine
de. endent blose upon them. The dases were not dlsturbved im
that menner, and Titted together well,

The cuter splice bar fraotured from the Hop, opposite the
int mariced with the lettar ¥, An inoiplent erack is shown
n the flange bLetween the s»ike slot apnd the wlddle boit,
There wne & orack also in the other helf of this splioe bay,
doginoing st the spike alot and extending through the flange,
The inuer splice bar wee found wvuptured aoross the rires dolt
hole, at the left of the letter X, '

The line of rupture of the cuter splioe bar, looeted
under the letter F of the out, ie that which is believed to
have besnn the initial line of supture whioh presipitated
this dersilnent, the inner splios bar having been raptured
srior theretao, Thess bars ere used in suapended Joinss,

7e No, & is 2 view of the leaving end of the Begseney
rall from the insidef with the frastured half of the
1nside splice bay in position, but with the bolts removed,
The fishing surfece under the head wes worn smooth, betwoen
the end of the ruil and the Ifractured end of the splise dav,
& length of 2 3/4 inohws, Figure Ho. 4 12 & view of the
seme Trogaent with the splice dar removed, showing the welle
defined 1imits of the worn surface under $he head of the rail,
The overlepping end of this ber, attached to the open~hsarth
rall, wms doubtless reppansible for the appeerance of this
m&h ares, waleh ted the offect of & losgitudinal
rubbing movenent of thess parts egsinst ssoh other,

The apoearence of the thres bolts resoved from this ond
of the Joint is showa in Pigure lHo, H. The original)l dismeteyr
of the end bolt was tulirteoen-sixtesnths of sn insh, whieh
wes rTeduced to 0,70 inoh diumwter at the niddle of the length
of 1ts body. The other bolts were fiftesh-alxtesnths of an
énm in Alsmeters Rust hed redueed thelr bdodies to a lossey

STTRG,
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Fleure Hos. ¢ shows end views of the frastured splios
bars. The first figure on the left represents the inner
#plle0 bar, vhieh had its line of wrupture acrosa the first
bolt nole. The next figure in the sut shows the fragture
of the outer splioce bar, in the half whioh wes on the opole
heayth meil, orack a§ long standing oxisted in the L1
of this helf of the bar, shown by the derker portion of the
eross eegtion, The lighter portion of the Practured surface
represonts the freah portion mude £% the tinme of 1ts ezeaiinae
tion. The third figure of the out shows the appearencs of
the outer @plies bar which frastured at the middle of ite
length. The full orcss ascotion of the Lar at this place
waa fyuotured at the tine of the derailzent. The Tourth
flgure of the eut represents the ineipient frssturs showm
2% the spike slot in figure Ro., £, eoupleted at the time
of 1ts exenmination,

Figure No. 7 1o s vhew of the ruuning surfsces of the
two ralle. The shorter frug-oent mrepreseunts the top of the
hoad of the Eescemer rail, the louger fragment the opene
hearth ruil, The appesrance of the rubning surfesoe of eagh
veried from plaems t0 plzoe, In rsl, the Hessemer rall
arowed the more deolded surfeae disturbanoe of the retsl,
The omnig in shepe of the oross pestion alee wag RoTe [T0w
nognged this rull theam in the openshesrth rall, A fin
had beon foxmed along the outer edge of the head of sach
rall, representing lateral flow of the metul under the ate
tion of the wieel loads, Other rells {n the treck iu this
vielnity, reusining inteot, showed the foruation of fins
elang the cuter curners of theiy heads) soue of whioch were
sore nromounced then those witnessed in the fractured rells,

Figure Ho, © 12 & view of g.;en of the Bessener rall
and ssot of the outer splioce after bending tests were
wmede upon them, Bending tesis of the head, detachsld from

the web end with the runmn surface on the tenplon side,
showed groat bBrittlensse, Upon heating the metsl to a low

red hest & porsion of its toughness was restored. The hase
and wob, snd a detsoued stri; from one of the flanges,
displayed good bending roperties. The metal of the splice
bar wat shown L0 . ossess Scughness yhere servios gonditiocns had
pot induced & brittle fyaot.re,

, Flgure Ho, 0 la & view of ;arts cf the opens-hearth rail,
The test of the detaohed hesd was dliseontinued befure roadhe
ing 1¢s liult of rugture, The wed and beose showed zo0d
bending (yopertlod.

Pigure o, 10 shows the appearsnce of the top of the heed
of the open~hearth reil, sagnified 3 dianters, The derk groove
across Yhe figure repressnts a asw out made in the sexple



wlw

ien vxae the reil, The Toughensd netal 2esr the sormey
of ot the gsuge side; 1s shown on the right slide
of the umuimtiw'

Pigore Hoe 11 i# an mmrfm view of a part of the
hoad shown in llluetration o, 10 after giving the surfaee
2 elight polish, The nagaifioation of this 1lluetretion
ig 10 dismeters, Bumerous therasl orneks are shown 4ue
to the alipping of the wheels., The setal superfieismlly
resched & Stemperstupre which resulted in the hardening of
the steel through the condustivity of the rnotel below the N
surfece. These therausl cracke penetrated tha top of the .
rail in varsing de the, seldow exoeeding one-sixtesenth
of e iach, and geos erally ooufined to the herdened gxoue

GLNBL .

Figure Ho, 1R is a photomicrograyh of & seotion just y
below the mMunning surfece, having e usgnifiostion of 1 e
dimmeters. %he upper z0ne, nearly white in the out,
ropreasnts the sone of glass hard asteesl Llamedliately below
the surfeos of the head, The line sorstohed seross the
noyual metel was nede with the point of s needls, whioh
would not soratol the hardened uetal,

Pigare Yo, 13, photomicrogreshs A snéd B, shows the
stuoture of netal h one of the rails whish wm sub jeeted
o progrossive gegsing, m miah 8 transverse fissure wes
experimentally develo There were 1,488 reversals of
this reil in the gegg g By aa;mm.m to 90,000 blows
on & full rail length feet, The faaai Bg Wes LOre
severe than required in the usual atra of alls
for service, Ho evidencs of s ohange m the mierostyruoture
d‘g: o ga gegging was dlscovered in the oross seobion of
B PRll«

The state of Antersal atyeiza in the metal nezt the
maning surfeoes of the Fessemer and the open~hearth ralls
wan dotermined, the resulte of whilch sprear on rfigures Hose
14 snd 15, ﬁm results sntered am Tigure Ho, 146 show the
internel streins in the flanges of these rails, esch seried
of results belng ocouverted into thelr omziwlmﬁ #tressen
in pounds pey souare inch. Gasuged lengths wors estade
:tunu on the rails whem their sections wers intact and sgain
observed vhen the individusl strijys ware detached., Mousurew
ments of the geuged lengths estzhlished on the hesds were
suocessively observed as portions of the eruss sestion were
plenesd swey,

The interncl strsine, or stregsss s Lthoy &re Mgm'm,
represent She ohanges ia 1&@%& wiich took place along the
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mimlw elemonts o8 whieh the geuged lengths were loonteds
the dotached strics were redudad t0 o winimum thioknese
the streins releescd represented substantially the state of
internal strain which existed in the intect ¥eil at its
periphery along those eleuentz, There 1o & progressive varliee
tion in the sagnitude of the intercal strsineg in 4ifferent
parts of the oross seotion, fron elenent to elenent, The
strulns comaonly vary 1u some degree in the thin atripe whioh
are deotaohed, wheuoe it follows that the preported resulte
sye seldom naximum welues, but reprssent aporoxizateoly rean
valuyes, They understate rather thel oversiste the vaxiaum
intersitien of the ztprains,

Average values are not sought 1o these deteraliations,
bat incideatally shey sre unavoidably, obtuined, since the
detached atrli s mast have certain ﬁﬁma&mwdm o admis
of nroper nachining and the internel) stralna moy vary wiihin
the lizits of theliy oross sessions. The interssl otralns of
tonsion and compression balanos sach other in the full eross
seotion of the rell, bence the aversge value for an eatirs
rall 19 nero.

The zuosesnive ohanges whioh take place as the crosp
seation of the metal 19 relfuced arxe indexigal of the warye
ing velues of the interanal stralus which were in that jarg
of the rell, These ohanges wore obserwed iu detaching the
Laads snd the upper yarxts of the wabe Irom the bazes of She
two reils involved 1o the derciluent, The resulta entered
on the seversl scotluns of Tigure Ho. 14 show the walues
of the streins whioh were relessed at intarmedinte astages
and in the fios) stete of the eremingtion of the Bessener
yell, The firs: yeoessursnent wes vede when the rail was
cut epayt slong the web, necr the neutrsl axis. At this
gtace, there we: u Milght inergase ofi ench geuged lengthe
Faok mbzesuent reduotion in 4\gth of the Lead resulted in
the roleene of additisnal isgreeants of length. Eventunlly
the strains weresguivalent to s stress of ooujpression of
19,800 pounds per squere Lnoh, the strlp them havins besn
reduoed to athlokness of aboub one~fourth inoh. The finel
rosy'ts are entered ou the full orose gestion of the pail,
the shaded jortlons vepresenting the srsas of the #irip from
the hwg and those of the flongzes on witch the aeszureaents
were nade,

Siniler messurensnts were zade on the hesd of the Opoie
hearth rail; the resulta of whioh sre eutared on Tigure Ho.
1Be Thie veil in its head hHad not soguirved strains of =0 high
& value as the Bessemay reil. The Laximum wvalue dlsplayed wes
10,800 pounds per sguare inoh oeumyression.
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on Pigure loe 18 ave shown the internal stresses in
the flsnges of these two pulls, tekem st jlsoes over the
tier and betwesn them. The results showed widely divergent
states of strain, Xn the Bessemer il s saxioum velue
of 19,000 pounds or sjuere inoh ooxpression wes found, while
in the open.hearth rall the highest stress of the present
series wes 4leplay mmounting to 31,800 pounda per square
inoh ropsion, e velues were ;resent in the portions
of jhe flanges whiol rested on ties, Minimum walues pertained
to the atrips taken rrim the flanges between ties, In the
opan-hosrth rsil the ususl state of sonprescion 1n the Plauge
wag reversed to a atate of teusion in & portion of the reil
located betwesn ties,

Two infiuences aye resyonsible for s modification of

the atate of strein in the bases of these rnils, The reils
presented mmooth surfaces whers they rested npon the tioe
&:tﬂ. while the fianges wers bent upward at these plsces,

swooth homoering of the base would tend to nodigy the
initial state of stymin, while sermanent bands received h{
the flan: e would likewise disturd preexisting strains. XI
the soootimess of the base wues soquired throush «brasive
astion and not by hemmering, e differsnss in the recults would
o looked for.

The seotions of thesse roils avallebie at the time of
the exemination were iasufficient to make further observe-
tions on the relations between the portions of the flanges
over ties snd betwesn them, The rarts exemined were in bed
order, in conseguencs either of reymenent bends reseived
at the time of the deyunilnent or reviously sequired duyring
service conditiocns. The long ends of erch rall, subseguente
1y inspeated, showed simllar surfeces snd flances whioh were
beuty, but the flanges showed less distortion then witoessed
in tﬁ. Tragusnts whioh wore exsmined,

The Bescener reil dlsplayed the higher inter:ssl struines
iz the hesd, the oyem~-hearth rail the higher inter«al straios
ia the base, The lnfluence of unkoowp entecosdent eonditions
rocders 1t unwerrantable to attenpt extended deduotions frow
thess fow rocuits, It i» epsarent, bhowever, that internal
strains attain values of grest msgnitude in 4ifferent parts
of the lemgthe of steel seils; that wide verietlone o
oherasterize those values in the same parts of the rail in
d4ifferent carts of 1ts orces seotion) that scrvioce conditicus
influence these results and are responsible for sortain ePe
ratie results not prevalent in new rails) and, furtheruore,
it is believed thut-these phenomens beay definite relations
%0 oF are precursors %o ultizate ruptuve of the metal,
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Two pleces O fead long ¢ach wure out from the ule
broken ends of the Pessaney and the ¢pen~hearth reils and
subjoosted to trensverse tosts, The relils were pleaoed on
Buprorts 24 inchos spart and loeded st the middle of the
8;90. One ond of each ;ilese ws loaded on the head up
0 the ompacity of the testing nsohine, 100000 pounds,
The reails were then rewwersed and xmﬁci on the other oud,
applying a load of 100,000 pounds on thetmse, The ralls
tmdured these tests n&amt rusture, Rach plece soquired
& permansot set, rengling frm 0,04 to 0,08 ineh,

The total weight ou the drivers of engine Ho, 4980, wiieh
was of the deded type, was 103,800 pounds, Evenly dlee
tributed thle gives & whesl load of 26,878 pounds. The 4ied
noteys of the vizg vwheels veres 79 Lnohes, From the above
resulta 1% appeare that esch rall sustained without frecture
a sonosntyated load nearly four times the wiwel lond of the
engine involved in the dareilsens, -

Fig Hoe, 17, 18, and 19 show the stresses COrrefe
ding the straine in thyee rells which were progressive.
i and by suoh means developed trensverae flssures,
orograzhs ep in snother part of this report
refey 1O one of these reils, which wes reverscd 1,483 tines
in the m #. The sopond roll was reversed 1,648
tines, total number of blovs atruock per full reil length
being 100 + The sbird rall vas sudjected 0 the sane
e - T ﬁi’ gasging, the exsot number of blows not being known,
but sprroxize h-mnmmothwm.m
on the oross seotions indieste the diresticns ic whioch the
ralla were leat bent, rricy to this examlnatiun.

The intercal styming woried socording to the distence
of the elenmsnts fros the neutrel exis, shown the detaohed
strips assuming curved shspes. Two values of the straing
sre entered on the outs for somedf the striss. The higher
values refer to ghodl messurezents, the lowsr values when
the striye were foyoidbly 'eld stralght. The reoults on the
chord messurenonts z=oYe neuarly represaent the internsl strains
awo surfsoe netal than those based upon the strsightensd
8 o7 ™

It will be noted that the internal strelns in the
atrice teken from the tops of the heads of the first and
ssoond yells were of tension; that ise, ite in direotion
to the last overstraining loed. The resiliense of the il
when the overstraining load is removed causes thls reveraal
of streins in the cutside fiders, The fibers on the oome '
pression elde of the rall esquire & state of inteynsl
tenafon, while those on the tension side scquire a state

of ocntmu The fibers nearer the nsutrel axis, whieh
are no mrmm. mﬁamn the sztate they were in le
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the deding lond waz asting on the rells This explains the
apparent paradox of fibere at the surface on the compression
pideo of u bent bar dloplaying fnternsl streins of tension and
shose on the tension side & atate of compression, Vhen such
8 # are dotaoed they 40 not tend to straigshten thomasives,
but saaw thelr curwvature,

The ifaternsl straina i the asegregated nil, aftey
sormal oocling on the hodt ded, are given in thelr squivalent
stmoses on Tigure Ho, 80, The streins were not of unusual
magnitudo, mmdn? substantinl ly the range which is expeoted
in rells of norymal oeowposition, of this whight and seotiob

SRALIARY

The initial point of yupbure in the treck wee not Peo-
garded a8 boing definitely indleeted by the elrcumsetsnces
attending the dersiluzent, nor Mwimﬂ op the fraotured
surfeces of the bdrokem resils. The tinl poiuts of the
individusl linses of rupture were clesrly showm, Mt withous
ostablishing thelr order of seouenoe.

It 15 delle however, that the treek falled firet
st the Joint bLetwean the two reils, strueturally the weakest
place under normal conditions, aud shieh in this ocsse was dDalow
norsal strength., Evidenos on the 1 surface of the Boaw
semey yail yroved that the inner aplisce ber was broken yrior
t0 the dereiluent, lecving the joint with anly the
of the outer bar, vhile the outer bar itself had two Lndew
pondent emmske in it yrior o this osourrense,

Subseguent luspeotion revesled £B oreocked splioce bare

in the track in this vieinity senting ineipient oy
cmpiete lines of rupture !:mvina helr origins at the spike
slote, snd tw sreoked bars, one in the ssstbound and one in
the woestbound trsoks, having eracke starting at thelr uprer
odges opposite the rail ends, PFigure Ho, Bl shows the sppesde
anos of the Balves of the outer a3d inner barg whidh were
over the Besseney rail, The locetion of a ppike sdot in close
sroxizity to & bolt hole undoud makes & line of woskness
at that W‘”‘i end the genersl &isplay of oragked splioce bars
iz the trsok s ﬁﬁﬂiﬁms of lese strougth 2t the joints
thmlmutm ) for,
PRIVt

The inve ion further develoed that the running s
faces of thess is were in a disturbed condition, Zath showed
the effecta of the ﬂipg of driving wheels upon it, this
slipping csusing suffioient heat %0 resslt in the forastion
of o sons of haddened steel on the top of the hesd of esoh rall,
Pine thermsl aracke 4ivided shis hardened metal into esell
aress, whioh ¢id4 not, howewer, ponetrate the reil Seeper thel
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the ardensd xone, in the rractures whioh were develeped
at the $ize of the develilment, nor in the subsequont exe
szination exospt Iin two Samses of edout one-elighth ineh eseh,
¥aile this depth of penetyation wes not sufticlent to weaken
the rell bdbelow the » required %0 support the train
losds, the extension of these themssl oracks would undoubtedly
oause such & vedustion in the strength of the reil that Telluve
fyom this ocause would ultimately result under normel obnditions
of trarfic, That it 4id not do 0 on this oocesion does nod
i:nmg:tm danger viioh attends the formation of ther:al erscks
b< 3 B8 ;

Tests were nade upon the resaining portions of these reile,
in whioh thay were lowded with J00CO0 pounds susoh on & 54
fooh s;en end whioh they successfully sustained, wish oaly
& plight peruanent set. This conosntreted loed wap nesrly
four Siues the t per driving vheel of the engine which
was involved in this seoident,

The gensrel) w&gnm of the joints and the preponderw
snoe in strength of the ralls, es nh"gw in the mmw@im.
Justifies the sonslusion thet the lsmediante omuse of do~
sailuent wes the weckuoes of the glm bars et the Joint between
the two reils, end the Lractures the reils ccourred later
end wore inoifenta) to the imblal beak st the joint.

The muserous rails at the present time 15 rellrosd trook
whioh have the outward appearants pressnted by these yells
would make the cuestion of safoty one of very ZrYeve GOnNSern,
if the mergin in styength of & rail 19 Lmedistely lowered
%0 the danger lixit by the ﬁliﬁ;ﬂ@ﬂﬂf wheels upon 1%, Thie
petter i3 one of such inportance t further inguiry should
be made into thia common defest ssquired dy reils 1o the track,

Respeotfully submitved,

ﬁ* *‘ m;
Ohief, Buresu of Sefedy.



