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

REPORT OF THE DIRECTOR OP THE BUREAU OF SAFETY IN RE 
INVESTIGATION OF AN ACCIDENT WHICH OCCURRED ON THE 
MISSOURI PACIFIC RAILROAD AT WEST JUNCTION, KANS, ON 
JUNE 25, 192S July 18, 1929 

To the Oommtssion 
On June 25, 1928, there was a deiailment of a passengei tiam on 

the Missomi Pacific Railioad at West Junction, Kans , lesultmg in 
the injury of 47 passengeis and 4 employees, 2 of whom weie dead­
heading 

I O C A 1 I O X A N D METHOD OF OFEIt iTIOTJf 

This accident occur led on the Coffey villo distnct of the Southern 
Kansas division, extending between Coffeyville and Osawatomie, 
Kans a distance of 134 66 mile's, in the vicinity of the point of 
accident this is a single-track line ovei -which tiams aie opeiated 
by time-table, tiam oideis and a manual block-signal system The 
accident occuned on a fill about 6 feet m height, at a point appioxi-
mately 921 leet east of the junction switch at West Junction, ap-
pioaching from the west there is a tangent beginning a short distance 
west of the junction switch and extending nearly 4,000 feet beyond 
the point of deiailment The grade for east bound trains is level 
at the point of derailment The track is laid with 85-pound rails, 
33 feet in length, with about 19 ties to the lail-length, partly tie-
plated, single-spiked, and ballasted with cinders to a depth of about 
17 inches Measurements of the cross levels and gauge, taken at 
every lail joint, the joints being staggered, showed the track to be 
unifoim in these respects 

The weathei was cleai at the time of the accident, which occurred 
at about 4 03 a m 

6309fi—Jc) L 1 



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

DESCKIPTION 

Eastbound passengei tiam No 116 consisted of 1 mail and baggage 
car, 2 baggage cars, 1 coach, 1 chair car, and 2 Pullman sleeping 
cars, all of steel construction, hauled by engine 6434, and was 
in charge of Conductor Gaidner and Engmeman White This tiam 
left Buffalo 7 47 miles west of West Junction, at 3 49 a m , accoid-
mg to the train sheet, 46 minutes late, and shoitly after passing 
West Junction it was derailed by a broken iail while traveling at a 
speed estimated to have been between 45 and 55 miles per hour 

The engine, tender, and the second cai in the tram were not de­
railed, but the first cai, the rear wheels of the third cai, and all of 
the lemammg cars were detailed The engine and the fiist foul cais 
lemamed coupled, passed ovei a 128-foot tre&tle, and came to a stop 
with the forward end of the engine approximately 1,162 feet east 
of the initial point of dei ailment The fifth cai was dei ailed to the 
left, fell from the trestle, a maximum drop of 18 feet, and came to 
lest on its left side in the bed of the watei couise, 202 feet back from 
the head poition of the train The sixth and seventh cars weie also 
derailed to the left and came to rest on then left sides, a distance 
of 286 feet separating them from the fifth car, while the reai end of 
tho seventh car was 192 feet east of the initial point of derailment 
The injuied employees on duty weie the conductor and biakeman, 
the injmed employees deadheading weie an engineman and a paint 
foi eman 

b U M M A H T OF EVIDENCE 

Engmeman White stated that the first he knew of anything wiong 
was when Fireman Bachman informed him that fiie was flying fiom 
under the tiam and that the cais were derailed He estimated the 
speed of the tiam to have been about 50 miles per hour at this time 
and said that he immediately applied the an bi akes m emergency 
Engmeman White did not feel any luich of the engine as it passed 
ovei the point wheie the first cai was dei ailed, but said that some­
thing felt as if it had stiuck the engine oi the side of the ash pan, 
it was not a ]ar After the accident he saw the bioken rail that 
caused the derailment Fireman Bachman estimated the speed to 
have been about 45 miles pei hour at the time of the accident State­
ments of other membeis of the ciew developed nothing additional 
of importance 
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Division Engineei Munay stated that the hack in this -vicinity 

was good for the maximum speed peimitted foi passengei tiams, 55 
miles pei houi His examination showed that the iail bioke as a 
lesult of a- transveise fissure and that the fissuis could not have been 
detected during the course of visual inspection He thought that 
the rail was bioken by the engine of the last westbound tram to 
pass over it, tram No 115 due at West Junction at 3 28 a m , saying 
that there was a slight battered place on the east end of the ball of 
a short piece of the rail that could only have been made by a west­
bound tiam No othei tram passed between this time and the time 
tiain No If6 encountered the bioken iail Division Engineei Mui-
ray stated that the track is carefully inspected eveiy day, Sunday 
excepted, and that such inspections have disclosed bioken lails in 
time to aveit accidents Assistant Division Engineei Heasley shaied 
the views of Division Engineer Mm ray <\s to the iail having been 
bioken by the westbound tiain 

This accident was caused by a, bioken iail, and an examination as 
to the leason foi the failuie of the iail, made by Mi James E 
Howard, engineer-physicist, whose lepoit follows, shows that the 
failuie was due to a tiansveise fissuie 

As noted by Doctor Howaid m the piesent lepoit, 18 yeais have 
elapsed since this type of iail fiacture was biouglvt to general notice 
Much lescarch work has been done during tins period Now that 
facilities aie at hand for the detection oi these insidious fiactuies 
m the laboratory and in the tiack, means would seem to be available 
loi securing exact information concerning then formation and de­
velopment A geneial, comprehensive liiqimy, on lines suggested by 
Doctor Howard, should be undei taken 

Respectfully submitted 
W P BORLAND, Director 
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KfcFORT OF T H E ENGINEER-PHYSICIST 

The accident to tiam No 116 on June 25,1928, near West Junction, 
Kans, was appaiently due to the piesence of tiansveise hssmes m 
one of the rails of the tiack The rail involved was rolled by the 
Coloiado Fuel & l ion Co m Decembei, 1916, and put into the track 
early m the following yeai It was branded " Coloiado Sec 850 
X I I O H 7789 X " 

The lail bioke 14 85 feet fiom its leceivmg end, at a large trans-
veise fissuie Two othei fissures, each of laige size, were displayed 
at places beyond the initial break These hssmes had evidently 
leached the penpheial suiface of the head of the lail prioi to the 
lime of the accident 

The engine and tendei passed ovei the iail and lcmamed on the 
tiack All wheels of the first cai weie deiailed The second cai 
remained on the tiack and the foiwaid wheels of the thud All 
other wheels of the tiam in the real of these weie dei ailed The foui 
ioiward cais parsed ovei a 10-panel tiestle, remaining upnght, and 
did not leave the loadbed The fifth, a chan car, fell fiom the 
tiestle and spanned the channel of the cieek, while the leai two 
Pullmans left the loadbed and fell upon their left sides The engine 
came to rest 1,162 feet fiom the point of deiailment, the last Pullman 
192 feet beyond 

The broken iail was fiagmented at the time of the accident beyond 
the locations of the seveial transveise fissuies In all, 10 fiagments 
weie detached The cncumstances attending the deiailment lead to 
the belief that the iail was not bioken until tiam No 116 came 
upon it 

No unusual events attended the accident The tiack had been 
weakened by the piesence of transverse fissuies and a deiailment fol­
lowed Fortunately it teiminated without moie serious conse­
quences Theie nas piopeity damage, and a considerable list of 
peisonal mjuiies, but without fatalities 

Figure 1 lllustiatcs the position of the chan cai, wheie it fell fiom 
the tiestle It vias a cai of steel constiuction, having sufficient 
stiength to fall and span the creek without matenal nrjuiy Figure 
2 lllustiates the positions of the last two Pullman cais of the tiam, 
lying on then sides paiallel to the light of way The complete 
destruction of the tiack stiuctuie in that vicinity is shown 
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Figuie 3 lllustiates the transverse fissure which was located 14 85 
feet f iom the receiving end of the bioken iail The nucleus of the 
fissuie was on the gauge side of the head I t had leached the 
periphery, admitted an and became daikened Transveise fissuies 
which ieach the penpheial suiface of the head commonly appeal 
on the gauge side, and at the fillet under the head A thin layei of 
metal next below the imining suiface usually lemains unbroken, 
while the metal of the outei half of the head also lemains intact 

Rails which display tiansverse fissuies not infiequently contain 
moie than one They display fissures in diffeient stages of develop­
ment The piesent iail was no exception to this nile Two fissuies 
which had not leached the suiface were subsequently discovered 
They will be lefened to in a latei pait of this lepoit 

GENIKAL REMARKS 

Transveise fissures have been described in eailici lepoits of the 
Bmeau of Safety The fiist leport upon this type of fiactuie v^as 
published by the Interstate Commerce Commission relating to an 
accident on the Lehigh Valley Raihoad of August, 1911 Little 
iemams to be said about them descriptively They are fiactures 
of inteiioi ongin, with loci in the heads of the lails, and geneially 
on the gage side They have definite nuclei, of dull gray appeal -
ance, surrounded by areas of silvery lustei In the early stages 
of development a silveiy ciescent foims, which latei develops into 
an oval suiface I f they aie discovcied m the tiack befoie actual 
separation at the suiface, it is by leason of the display of a, mst 
stieak wbcie the fissuie is about to bieak through Pievious to this 
stage of development, macioscopically, they aie an unknown dangei 
The rail is seriously weakened befoic tiansveise fissures admit of 
detection by suiface inspection 

CONCERNING T i l * PREVALENCE OB I1UNSVERSE H S S U R l 8 A N D THEIR 
DANG111 

P1101 to the yeai 1911 few fiactures of this type had been obseived 
They had not been lecogmzed as a distinct type of fiactuie up to the 
tunc of the accident at Manchester, N Y , o l August 25, 1911 Sev-
eial j'eais elapsed befoie much attention was given their pievalence 
They were not immediately taken as a serious menace to safety of 
tiavel, rather as a tiansitory matter which would be recovered from 
As time passed they appealed" in nurnbeis Now they are lepoited 
fiom diffeient parts of the countiy in incieased numbers The 
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annual late of display appeals to exceed 4,000, with the probability 
of othei thousands m embiyomc state, at diffeient stages of develop­
ment A t present they aie lecognized as the most insidious, dan­
gerous type of fiactuie known Then menace is not local, it is 
national 

The situation demands a thoiough, compiehensive mquny into the 
ability of steel rails to enduic present tiack stiesses The entne 
transportation system of the countiy depends upon the stiength and 
safety of the tiack structure, of which rails aie the vital paits 
Bioken lails, caused by tiansverse hssuies, are of daily occmience 

CONDITIONS I S S E X T I A I FOR SAFETY I N FNGINEERING S1RTTCTUIMS 

Study has long been made of tho physical propcitics of steel It 
is known that ceitain unit sti esses may be enduied for indefinite 
penods of time The essential lequnement foi peimanency may be 
stated in a few woids Steels must not be stiamcd beyond certain 
limits To destioy a stiuctuie, the only lequnement is to oveistiain 
its membeis In a piactical mannci it is not difficult to judge between 
safe and unsafe loads, when a reasonable maigin sepaiates them 

STEEL KAILS AS B E W S 

One of the hist leqimements of a iail, but the most easily met of 
all, is its stiength as a beam With all the unceitainties of support­
ing powei of ties ballast, and subgiade, computations on assumed 
leactions and measuied fiber stiesses in the tiack, none show lrieme-
diable cause of weakness in rails taken as beams I f evidence of 
weakness should evei appeal, the lcmedy is so obvious it would be 
immediately applied Simply displacing one section of iail foi 
anothei of greatei section modulus would end the trouble 

It has not come to notice that piesent rails fail under beam action 
A slight peimanent bend would appeal, the eaihest indication of 
overstrain Undei high blasts of speeel, wheie the effect of the 
counteiweight of the duveis piactically doubled the static load, pei­
manent sets have occuired It is no cause foi surprise, however, 
that heavy engines aie lun ovei light lails without fiactuie Re­
peated sets would be attended with niegulai surfacing and would not 
fail to be noticed 

DROP TESTS A N D GAUGING 

Kails display peimanent bends and necessanly peimanent elonga­
tion of the outside hbeis undei the diop test A diop test doe« not 
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jepresent the conditions of seivice It meiely stands foi one method 
of test in the display of physical pi opei ties Suddenness of i upture 
has an influence on the manner of fiactuie of iails The effect of 
shape is felt m all cases of sudden ruptures ( 

Examples have been witnessed in which the fiactmes of rails in 
the drop test ongmated not m the outside fibeis but under the head, 
at the fillet of the web Also cases wheie dog maiks in the web 
located incipient points of luptuie Under high explosives, when 
1 upture is caused in the briefest mteival of time, slight changes m 
sectional area have a pionounced influence in locating incipient 
points of ruptuie Symmetiy of section and easy tiansition fiom one 
cioss section to anothei aie featuies of importance to successfully 
lesist shock tests 

Gagging necessarily ovei strains tho outside fibeis of the iail The 
elastic limit of the steel is locally exceeded, and the mill scale dis-
tuibed A slight indentation results at the place where the gag is 
applied These manifestations constitute all the evidences of the 
operation of gagging The micioscope does not leveal any interim 
change of structure The opeiation does not go fai enough to sensibly 
change the appeaiance of the miciostructure Gagging, however, 
profoundly modifies and fiequently reverses the interior stiams of 
coolmg Rollei gagging would be expected to disturb the initial 
state of sti am over the entire length of the iail, excepting the ex­
treme ends not leached by the rolls Detrimental effects of gagging 
have not been witnessed m fiactuies of rails in the tiack 

COOLING STKAINS I N It A H S 

Cooling strains are set up in all stiuctmal shapes, under normal 
conditions of cooling in the open air, whethei foiged 01 rolled 
members The fnst evidence of cooling stiains in a iail is its change 
in shape after cambeung Rails tend to stiaighten themselves dui-
mg cooling on the hot bed One pait of the cioss section acts against 
the other, affecting the iail as a whole 

Individual portions of the cross section likewise act upon each 
other The effects o± longitudinal stiams aie thus obseived 

Still further, strains between the extenoi and inteiioi metal are 
introduced The effects of the lattei attiact the most attention, since 
they often lesult in shrinkage cracks, and such cracks by some are 
held to be essential piecursors in the display o l tiansveise fissures 
Shrinkage cracks occur m both the head and the base No attention, 
howevei, has been given those of the base 
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COID HOLLING STRAINS I N KAILS 

The impinging pressures of the wheels m seivice set up internal 
strains in the heads of rails They aie stiains of compiession imme­
diately below the limning suiface, with reaction of tension in the 
interim of the head The stiains aie both lengthwise and ciosswise 
the iail Crosswise stiains tend to cause split heads, those which 
aie lengthwise tend to cause tiansveise fissuies Each of these inte­
n d fiacture1-, split heads, and transvei=e hssmes arc of tension 

Pievious leports of the Bureau of Safety have given the lesults of 
investigations of these strains and furnished numencal values In 
buef, the cold 1 oiling strains of compiession aie fai gieatei than 
eithei those of tension oi compiession sustained by the iails taken 
as beams Likewise, the internal stiams of tension m the mtenoi of 
the head are gieatei than the strains of tension as they have been 
measured m the tiack undei tiam loads In othci woids, the gieatest 
strains which rails aie requned to encluie m service come from the 
impinging pressures between the tread of the wheel and the 1 mining 
suiface of the head 

DEFINITION OF T i l l KAIL TKOBLIvJI 

The above facts should be sufficient to centei attention upon the 
specific featme winch constitutes the iail pioblem The ciux of the 
problem is located m the uppei pait of the head of the rail It 
lesults from the intense impinging piessiues which aie leceived 
there Such piessuies earned to extremity would destioy any known 
grade of steel The queiy is picsented whethei theie now exists a 
safe margin in the endurance of iails against cunent wheel piessuies 
The display of thousands of tilmsveise fissuies is taken as evidence 
that a safe margin does not exist 

The pioblem is to make rails safe against piesent tiack conditions 
They can not be called safe when numerous iiactures of a particulai 
type continue to occur Tiansveise fissuies should be investigated 
until it is definitely established whethei theie is a remedy foi then 
display Energetic efforts aie demanded No additional equipment 
is needed to inaugurate such an investigation, and it would be idle 
to say that enough material is not at hand 

The constiuction of a special experimental track, special equip­
ment, and special heats of steel are unnecessaiy and would be well 
calculated to indefinitely defer an answei 
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LINES OF I N Q U I R Y OPT N FOK I N VESTIGA110A 

One of the most gkuing lines of mquuy for immediate mauguia-
tion lefeis to the influence of shimkago cracks in the cential zone of 
the head Would then suppiession lengthen or shorten the lives of 
iai ls ? The examination of a few of the many thousands of lails, 
which annually display tiansveise fissuies, would assist in the solu­
tion of this question, and possibly yield a definite answei 

It is a mattei of geneial comment that ceitam heats of steel 
display tiansveise hssuies while otheis do not undei siiiulai con­
ditions of seivice Is theie any peculiar stiuctural, physical, 01 
chemical leason which will account foi such iesults ? Abundant 
matenal is at hand foi comparison of lails which fiactuie and those 
which do not 

Compound tiansveise fissuies, those which deflect from incipient 
hon/ontal split heads, have oi ignis winch are well known Can 
seaminess, the cause of then foimation, be eliminated* 

Is theie any foreign inclusion at the nucleus of a tiansveise fi-j-
suie& Is theie any peculiai stiuctuie at 01 m close pioximity to the 
nucleus of a tiansveise fissuie * Inqmiies have already been made 
along these lines with negative lesults Has anything been left out 
in those investigations which finthei study will ieveal ? 

Thiough the effoits of Mi E A Spcuy matenal may now be 
obtained m which tiansveise fissuies in diffeient stages of develop­
ment aie definitely located Such examples viould affoid oppoi-
tunity to asceitain what microconstituenLs aie involved in the 
inception of a transveise fissuie 

What charactenstics piedomiriate m rails of gieatest endurance 
against the disp'ay of transveise fi^uies is an open quesuon 

In the investigation of shirakage ciacks, and then display aftei 
the steel is pickled in hot acid, it will be boinc in mind that steel 
which has been oveistiained goes into solution moie lapidly than 
undei sti amed metal Phis leads to the query whethei all of the 
ciacks subsequonly found, pieexisted befoie pickling Means should 
be adopted for diffeientiatmg between ciacks due to shunkage con­
ditions and those which lesult fiom the cold lolling action of the 
wheels Aie cooling Plains on the ic ige of luptuie com eited into 
open ciacks by wheel loads ? 

In view of modifications m the composition of rail steel the char­
acteristics of medium manganese steel would be of mtciest to acqiuie 
mfoimation upon If any giade of steel is found to possess supenor 
durability against the foimation of tiansveise fissuies, that steel 
should be given suitable study 
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T W O D I S T I N C f PHOBIiEMS 

The suppiession of the formation of tiansveise fissiues rs one piob-
lem Then detection in then incipient oi advanced stages is anothei 
pioblem quite apait fiom the hist 

Since steel is fiactuied only by excess strain and since all iails in 
seivice are subjected to stiams of magnitude it would seem that the. 
fundamental cause foi the display of transveise fissures could not be 
eliminated Steels, howevei, diffei in then ability to enduie stiams, 
therefore, by selection, a grade of steel may be found best adapted to 
meet the requirements of tiack conditions There is no hope what­
soever for such a reduction m wheel loads that overstiainmg the 
metal at the top of the head ol the iail will be avoided 

The leal question is what can be done to make travel safei undei 
emiont tiack conditions, ns against the display of tiansveise fissuies 
To this question, which affects the entne tiavelmg public, the most 
seiious attention should be given A grave lcsponsibility lests some-
wheie, piesent tendencies and lesults emphasizing this fact 

A great step forward has lecently been made in the physics of 
steel What has heietofoie been denied is now an open book Means 
aie available foi detecting the piesence of hidden fissures within the 
heads of rails A demonstration was made late in the yeai 1923 by 
Mi K A Speiry in which the presence of a gap in the continuity of 
the metal in the head of a model iail, cor responding to a tiansveise 
fissure, was indicated by an electucal resistance method Laboiatoiy 
equipment followed and numeious tests of full-sized iails have been 
made with complete success Rails collected fiom different sources 
have been examined, and the locations of hidden fissures indicated 
subsequently found to be true On the other hand, iails have been 
examined which displayed tiansveise fissuies in seivice, and the 
announcement made that no other fissuies existed m them Subse­
quently the most diligent effoits failed to leveal any Thus it has 
been shown that iails containing tiansveise fissiues were identified, 
and those in which theie were none weie pointed out with equal 
leliabilrty Track equipment foi the detection of tiansveise fissures 
became available eaily in the yeai 1928 

I f the mattci was not so colossal it would appeal that the detection 
of tiansveise fissuies, and therefore immunity against unexpected 
iiactuies in the track, was a possibility The magnitude of the piob­
lem is its appalling featuie It has been allowed to run and leach a 
state until its contemplation is beuildeimg What can be moie de-
piessmg than the leahzation that lives are m jeopaidy, known to be 
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so, and definite action theicon not taken Eighteen years have 
elapsed since tiansveise fissmes have been publicly known Then 
numbers have swelled to appioximately 30,000 

Two outstanding matters of importance aie presented foi urgent 
action, conceited, active steps, on a scale commensurate with the 
magnitude and gravity of the subject, ascertaining definitely whethei 
difficulties are insuimountabic 0 1 not in the elimination o± transveise 
fissiues, and conciuiently take adequate stops to remove the menace 
of tiansveise fissured lads fiom the track 

I N C I P I E N T THANSV1.RSE FISSURES LOCATED B Y lilt SPERRY DEIEC10R 

One of the longei fiagments of the id.il involved m the accident 
neai West Junction, Kans , was foiwaided to the laboratory of the 
Speny Development Co , at Biooklyn, N Y , where it was examined 
foi the presence of additional tiansverse fissuios 

Two additional fissmes weie detected, then places located and 
raaiked on the suiface of the lail It was also stated that they dil-
feied in size, and which was the larger was foietold They were 
subsequently found m the places indicated and in then relative 
sizes 

These were not the first hidden fissures which had been accurately 
located, but it was neveitheleas an impiessive mattei to be told what 
condition existed within a piece of steel by the fust man i\ho had 
evei done so What greater honoi can attach than to such an achieve­
ment pertaining to a matter of nation-wide importance' 

Figuie 4: represents the places of the three fissures which weie dis­
played at the time of the accident, while Figuie 5 shows the places 
of the incipient fissures detected in the laboiatoiy of Mi F A 
Speny 

Figure 6 is a side view of the rail after the completion of the f rac-
tuie at the largei tiansveise fissure located by the Speiry detector, 
26 inches fiom a tiansverse fissure displayed at the time of the acci­
dent This fissure was brought to the surface by peening Figuie 
7 shows the fiactuied smface, containing the transverse fissure, the 
side view of the rail appearing on Figuie 6 

1 R A N S V 1 - R S E FISSURE BROUGHT 1 0 1 H L SURFACE B Y PEENING 

An experiment was made upon the rail at the location of the laigei 
fissuie, by peening with a light hand lummei It should be men 
tioned, as stated on different occasions, the belief is entertained that 

http://id.il
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internal stiains set up in seivice by the impinging pie&sures of the 
wheels, are mstiumental and basic in the formation of tiansveise 
fissuies The intein.il stiains aie the essential factois, the means em­
ployed for then introduction immaterial Since internal stiams 
may be set up by peening the surface of the head, it might be ex­
pected that peening would assist in the development of an mteiioi 
fissure Accoidingly this experiment was made 

The iail was peened m the vicinity of the laigei hidden fissme 
Aftei a number of hammei blowrs the tiansveise fissure made its 
appearance at the suiface of the head Internal strains weie thus 

' mtiocluced, extending the boundaiyl of the internal fissure until the 
peripheral metal of the iail was leached 

The limited time and small numbei oi hammei blows which accom-
f phshed this lesult aie significant features They suggest the piob-

ablc rapid development of tiansverse fissuies in the track 
Next m turn is the queiy whethei a pieexistmg tendency lcsides 

in tiansveise fissured rails 01 whethei tiack conditions alone aie re­
sponsible foi the display of tiansverse fissuies If the nucleus was 
small there would seem little diffeience m the initial efEoit necessaiy 
to enlarge the fissme ovei the effoit requned to originate it 

The character of the suiface enlaiged by the peening was the 
same as that of the lemaming portion of the cross section The 
silvery lustei displayed by tiansveise fissuies was not displayed on 
the extended aiea of the fissme It was not expected to be The 
silvery lustei of a fissme is due to the burnishing effect of the oppo­
site faces as they aie bi ought together when the rail, above its neutial 
axis, is put into a state of compiession When a wheel is directly 
over a fissure the opposite faces are doubtless forced against each 
othei The reaction of peening was tension only 

When the uppei pait of the iail is in tension in its action as a 
beam the opposite faces of a transverse fis&uie should not be in paial-

j, lei planes, but slightly diveigent The space at the sides of the gap 
should be piopoitional to the distance above the neutial axis of the 
iail Occasionally the burnishing effect on the faces of a fissme 

n lllustiate this featuie 

VARIABLE B U R N I S H I N G EFFECT O N SURFACE OF TRANSVERSA FISSURE 

Figuie 8 is an example m which the uppei pait of the aiea of an 
incipient fissuie showed moie complete burnishing than the lowei 
poition It cloes not follow, howevei, that actual extension of a 
tiansveise fissuie takes place only when the iail above its neutial 
axis as a beam is in tension Much might be said upon this point 
Longitudinal vibiations suggest themselves as factors 

http://intein.il
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I N C I P I E N T TRANSVERSA FISSURE C0MPL1TED B Y I O N G I T U D l N A L VIEEAT.IONS 

Figuie 9 lllustiates the fiactuie of a rail containing an incipient 
transverse fissure, tho completion of the fiactuie having been accom­
plished by longitudinal vibrations This and two other fractures m 
the same piece of iail, each at a tiansveise fissuie, weie made by 
blows of a light sledge hammer delivered endwise on the rail Wave 
motions undei high-speed trains, tiansveise and longitudinal viola­
tions piesent matters foi mathematical analysis Piofitable lines of 
mqmiy suggest themselves whenevei a careful consideiation is given 
the conditions under which steel rails aie exposed m service 

I l tACTURE UPWARD FROM BASE DOES NOT PASS 1 I I R O U G H TRANSVERSE 

FISSURF 

Figure 10 lllustiates a tiansveise fissuie in a l l vpound rail which 
was located by the Spcrry detector A saw scaif was made in each 
flange of the base, dueetly opposite the indication of the transveise 
fissiiie in the head The iail was then broken as a beam with the base 
m tension 

The plane of ruptme, notwithstanding the tiansveise fissuie was 
a laige one, took an oblique course and sepaiated the metal of the 
head at a short distance fiom the fissure Othei saw scarfs weie 
made and the metal wedged off, levealmg the fissuie at the place 
wheie its piesence had been announced 

Figure 11 is a side view of the 115-pound iail, the dotted line on 
which repie^ents the plane of rupture wheie it leached the head of 
the rail Theie was no evidence on the fiactmed surface of the 
piesence of the transveise fissure which existed in the immediate 
vicinity The explanation of this feature was appaient, an open 
joint, as it weie on the compicssion side of the ncutial axis, did not 
weaken the iail as a beam Compiession joints in columns of archi-
tectuial examples are vntually tiansveise fissures, but do not impaii 
the stiength of membeis exposed to compression stiesses only Theie 
can not be a doubt that tiansverse fissuies arc tension fiactuies, these 
examples furnishing confirmatory data 

IS 1 H E R E A RAIL SAFE AGAINST BHITTLENESS I N FRACTURE AT P R I S 1 N T 
K N O W N ' 

All giades of caibon steel will, undei ceitain encumstances, display 
brittleness m fractuie Dead soft steels and tool steels aie alike m 
this lespect The haid steels aie susceptible to injury fiom slight 
mechanical causes, the dead soft steels yield readily to repeated 
stresses of low magnitude 
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Manganese steel, 12 pei cent manganese, piopeily tieated, has this 
lemarkable piopeity, it lotains toughness undei conditions wheie 
othei steels are buttle But cold lolling of the running surface of 
this steel destioys its toughness at the immediate surface and ongi-
nates a buttle fiactuie which may be extended by repeated stresses 
However, even aftei half the cioss section is luptiued, the balance of 
the rail has been shown to letam the noimal toughness of the metal 

LIMITATIONS OI' SIIIESSES I N U A H S — H H A T STRESSES AKh PERMISSIBLE 
H A V E A N T BEEN D E F I N E D ' 

In impoitant engmeeung stiuctuies limiting unit sti esses aie caie-
fully prescribed In tension the usual range is fiom 12,000 to 16,000 
pounds per squaie inch In compre°sion substantially the same limits 
pievail, but modified in the case of columns accoiding to their ratio 
of slcnderness In long columns the peimissible unit sti ess is low­
ei cd Any engmeeung example outside of a track structuie designed 
without regaid to limiting hbei sti esses is inconceivable 

Rails stand alone without any definition of what the stiesses m 
service shall be The difficulties of the pioblein aie recognized, 
nevertheless, there is no obstacle to giving the matter some con­
sideration 

A N N U A L 1AILURES OF E N G I N I 1 RING STRUCTURES 

Rails aie the only steel members upon which annual lepoits of 
failuies have been published Specific causes of failure have not 
been adequately piesented pertaining to the rails themselves noi the 
conditions of seivice Tho souices fiom whence the broken iails 
came, howevei, have been enumeiated, and the lelative standing of 
the several souices duly announced Othei engmeeung examples 
do not furnish matenal for lepoits of annual failuies 

S U M M A T I O N 

Important engmeeung stiuctures should possess a suitable maigm 
in safety This is obtained by limitation of the working stiesses 

In iails a serious condition is presented Wheel loads of motive 
powei and equipment each overstiam the metal in the uppei pait 
of the heads ot all iails Stuctly, no rail is immune fiom fiactuie 
aftei' a penod in the tiack Theoietically and practically all iails 
are exposed to conditions which culminate in the destiuction of the 
metal Internal stiains set up by the wheel loads is proof of this 
assertion The lesults of measuied stiams in iails, which have been 
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in set vice, cany with them the deduction that a definite known 
margin m safety does not exist in lads Theie is no known steel 
which has propeities which enable it to lesist cunent wheel piessuies 
without the introduction of internal strains Strains have not been 
measuied in 12 per cent manganese steel, due to the inability of 
machining this metal, but its mheient toughness has been destroyed 
at the immediate running suiface of the larl by wheel loads, lupture 
ensuing 

Overstiammg the running suiface by means of wheel piessures 
necessarily mtioduces internal stiams in two dnections, lateral and 
longitudinal The lateral component leads to mashed and split 
heads, the longitudinal component leads to the display of transverse 
fissures It is cleaily evident that theie is no escape from the effects 
of these intense impinging piessuies As the crux of the rail piob-
lem they must be lecogmzed and leckoned flith Since it is impossi­
ble to avoid these intense piessuies, the piactical question is what 
grade of steel will best endure them That infoimation must come 
fiom tiack lecoids, fiom lails which have been exposed to the vicis­
situdes of seivice, intense impinging piessuies, lapidly applied loads, 
veitical wave motions, and longitudinal vibiations Loads aie re-
reived along diffeient elements of the iad heads accoidmg to the 
vaivmg contours of the wheel tieads 

Theie aie two featuies which attach to manufacturing conditions, 
namely, shunkage ciacks m the cential coie of the head and acicular 
longitudinal slag stieaks 01 extended blow holes Longitudmal 
streaks undoubtedly lead to the foiniation of compound tiansveise 
fissuies, but further data are needed to demonstiate the influence of 
shunkage cracks These data, of couise, must come from the exami­
nation of lails which have been in seivice 

Although lepeated examinations have been made of the metal in 
the vicinity of transveise fissures, and no foreign mclusion of any 
kind discovered noi any peculiarity in composition 0 1 stiucture, 
neveitheless a moie intense study is desirable of these featuies 
Fractuies must have definite ongms What micioconstituent is re 
sponsible foi the inception of luptiue' Internal strains are set up 
by heat or mechanical treatment, in heated and untreated steels what 
j elations do the mrcroconstituents beai to the points of inception of 
fractuies A comprehensive study of the phenomena of rupture is 
lequned in the matter of tiansveise fissures 

Suggestive lines of inquiiy aie numeions which dnect eifoits for 
piolonging the lives of rails against the foimation of transverse 
fissures The 2>revention of tiansveise fissmes, if such is possible, 
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01 retardation of then display is a matter of vital impoitance in 
lespcct to safety m tiavel Efforts to meet such ends should not be 
held in abeyance Eighteen yeais have elapsed since this insidious 
type of fiactuie was brought to geneial notice and yet no adequate, 
comprehensive research has been inaugurated towaid the amelioration 
of conditions 

Thiough the efforts of Mr E A Speiry facilities aie at hand for 
the detection of tiansveise fissuies in the laboiatoiy and in the tiack 
While the detection of transveise fissures, m their different stages of 
development, and then elimination or letardation of development aie 
entiiely different pioblems, nevertheless the investigation of fissuies 
is gieatly aided by means of facilities wheieby they are accurately 
located m the iails This divining rod method indicates the exact 
spots at which research efforts should be directed, and where the in­
formation sought is located before it has been destroyed Nevei 
befoie have such favoiable opportunities been presented foi acquir­
ing exact mfoimation upon the formation and development of this 
ilangeious type of fiacture On account of the magnitude of the 
problem and the desirability of acqunmg data from geneial souices, 
to embiace conditions as they exist m diffeient parts of the countiy, 
a joint comprehensive rnqurry is urgently demanded 

Respectfully submitted 
JAMLS E HOWARD, 

Engvneet -Physicist 
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FIGLEE 1 —Deiailed chan cai, on its side parallel to tiestle, spanning the bed of the cieek 



F I G U E E 2—Derailed Pullmans Cut showing destruction of tiack stiiK.turi_ 



Giving end 



FIGURE 2—Derailed Pullmans Cut showing destruction of tiack stiuctuix 



FiGnm J—A.ppcimiice of tiau&verse flssme located 1 4 85 feet fiom leceivlng end 
of »iil 
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FiGunt 4—Hclitivo places of three tiaiiiieise fl^suies displayed at time of accident 
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1 ' I G L T E 5- -PoslUonq of two Incipient tiinsveise fissuies located by the 
Speuj de'ectoi 



F I G U R E 0 —Side Y i e w of lail aiter completion of fiaetiue Position of trans\eibe flssme located 
lij Speiry detectoi at middle of paint mark Fiacture brought to the au-iace by peening 



F I G U R E 7 —End new of mil showing tlip lmgec al the incipient tilingeisp fishiues, 
located liy tlie fepeiry fletcctoi 



F I C H I I E 8 — Incipient tiansverse fboiiie showing i a 
uible burnishing effect, gieitest In uppei p H r t , 

incomplete in lowei pait of its aiei 





IUGUKI. 10— E n d T i e w of a 115 pound r a i l s h o w i n g a t i a n s v o r s e rksuie 
w h i c h w i s l o c a t e d b y the Spcuv d e t e c t o r 




