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INTERSTATE COMMERCE COMMISSION

REPORT OF THE DIRECTOR OF THE BUREAU OF SATETY IN RE
INVESTIGATION OF AN ACCIDENT WHICH OCCURRED ON THE
MISSOURI PACIFIC RAILROAD AT WEST JUNCTION, KANS, ON
JUNE 25, 1928

JoLy 18, 1929
Lo the Conmassion,

On June 25, 1928, there was a detatlnient of a passenger tiain on
the Missour1 Pacific Railioad at West Junction, Kans , 1esulting m
the myury of 47 passengers and 4 employees, 2 of whom weie dead-
heading

TOCATION AND METHOD OF OPERATION

This accadent occurred on the Coffeyville dhistiiet of the Southern
Kansas division, extending between Coffeyville and Osawatomie,
Kans a distance of 134 66 miles, in the vieimty of the point of
accident this 1s a single-track line over which tiains aie opelated
by time-table, t1ain o1ders and a manual block-signal system  The
accident occurred on a fill about 6 feet 1n height, at a point apprLoxi-
mately 921 feet east of the junction switch at West Junction, ap-
proaching from the west there 1s a tangent beginming a shott distance
west of the junction switch and extending nearly 4,000 feet heyond
the point of derailment The grade for east bound trains 13 level
at the point of deramilment The track 1s laxd with 83-pound rals,
33 feet 1n length, with about 19 ties to the 1a1l-length, paitly tie-
plated, single-spiked, and ballasted with cinders to a depth of about
17 mmches Measurements of the cross levels and gauge, taken at
every 1a1l jomt, the joints being staggered, showed the track to be
uniform 1n these respects

The weather was clear at the time of the accident, which occurred
at about 403 a m
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2 INTERSTATE COMMERCE COMMISSION
DESCRIPTION

Eastbound passenger tiain No 116 consisted of 1 mail and baggage
car, 2 baggage cars, 1 coach, 1 chawr car, and 2 Pullman sleeping
cars, all of steel comstruction, hauled by engine 6434, and wag
mn charge of Conductor Gardner and Engimeman White This tiain
left Buffale 747 miles west of West Junction, at 349 a m , accord-
mg to the train sheet, 46 minutes late, and shotly afler passing
West Junetion 1t was derailed by a broken 1al while traveling at a
speed cstimated to have been between 45 and 55 miles per hour

The engine, tender, and the second car 1n the tramn were not de-
railed, bul the first car, the rear wheels of the third cat, and all of
the 1emaining cars were detalled The engine and the fiist four cars
1emained coupled, passed over a 128-foot trestle, and came to a stop
with the forward end of the engine approximately 1,162 feet east
of the imtial point of derarlment The fifth car was derailed to the
left, fell from the trestle, & maximum drop of 18 feet, and came to
1est on 1ts left side 1n the bed of the water couise, 202 feet back from
the head portion of the tram The sixth and seventh cars were also
deratled to the left and came to rest on then left sides, a distance
of 286 feet separating them from the fifth car, while the rea1 end of
the seventh car was 192 feet east of the 1mtial pomnt of derailment
The mnymed employees on duty wele the conductor and bralteman,
the mnjured employees deadheading wele an engineman and a pamt

foreman
SUMMARY OF EVIDONCE

Engineman Whate stated that the first he knew of anything wiong
was when Fireman Bachman informed him that fire was flymg fiom
mnder the tiamn and that the cais were deralled He estimated the
speed of the triain to have been about 50 miles per hour at this {ime
and said that he immediately applied the an brakes in emergency
Engmeman Wiate did not feel any lmch of the engine as 1t passed
over the pomnt wheie the first car was derailed, but said that some-
thing felt as 1f 1t had stiuck the engine o1 the side of the ash pan,
1t was not a jar After the accident he saw the bioken rail that
caused the deraillment Fireman Bachman estimated the speed to
have been about 45 miles per hour at the time of the aceident  State-
ments of other members of the cew developed nothing additional
of 1mportance
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ACCIDENT AT WEST JUNCTION, KANS 3

Division Engines1 Muiiay stated that the taack i this viemty
wag good for the maximum speed pernmtted for passenger trains, 55
miles per homm His examination showed that the 1ail bioke as a
1egult of a transveise fissure and that the fissuie 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 1t, tramn No 115 due at West Junction at 328 a m , saying
that there was a shght 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 tiamm  No other tram passed between this time and the time
ttain No 116 encountered the bioken 1211 Division Engineer Mui-
ray stated thab the track 1s carefully inspected every day, Sunday
excepted, and that such inspections have disclosed bioken 1ails in
time to avert accrdents Assistant Division Engineer Heasley shaied
the views of Division Engimmeer Muiray as to the 1ail having been
bioken by the westhound train

This accrdent was caused by & hoken 121, and an examination as
to the 1eason for the failme of the 1a1l, made by M1 James E
Howard, engineer-physicist, whose 1eport fallows, shows that the
failuie was due to a t1ansverse fissuie

As noted by Doctor Howaid . the present 1epoil, 18 yeais have
elapsed since this type of 1m1l fracture was biought to general notice
Much rescarch work has been done durmmg this period Now that
facilities are at hand for the detection of these msidious fiactures
i the laboratory and n the ti1ack, means would seem to be available
{01 securning exael information concerming then formation and de-
velopment A general, comprehensive inquuy, on lines suggested by
Doctor Howard, should be undertalen

Respectfully submitted

W I Borvawnp, Dwrector
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RLPORT OF THIE DENGINEER-FPIIYSICIST

The accident, to train No 116 on June 25, 1928, near West Junction,
Kans, was appalently due to the presence of tiansverse fissuies 1n
one of the rails of the track The rail mnvolved was rolled by the
Colorado Fuel & Inon Co 1n December, 1916, and put inte the track
early 1n the following year It was branded “ Colorado Sec 850
XITO H 789 X”

The 1a1] broke 14 85 feet f1om 1ts 1ecerving end, at a large trans-
veise fissmwe  T'wo other fissures, each of laige size, were displayecd
at places beyond the imtial breale These fissmies had evidenily
reached the peripheral smface of the head of the rail prior to the
time of the accident

The engine and tender passed over the 1a1l and 1cmained on the
track  All wheels of the first car weile deralled The second em
remained on the tiacl and the forwaid wheels of the thnd All
other wheels of the f1ain 1n the rear of these weie detailed  The fouwr
lorward cars passed over a 10-panel tiestle, remammng uplight, and
(id not leave the 10adbed The fifth, a chan car, fell fiom the
trestle and spanned the channel of the cieel, while the 1ea1 two
Pullmans left the 10adbed and fell upon their left sides  The engine
came to rest 1,162 feet from the point of derament, the last Pullman
192 feet beyond

The broken 1ail was fiagmented at the time of the accident beyond
the locations of the seveial transverse fissures  In all, 10 fiagments
were detached The cucumstances attending the derailment lead to
the belief that the 1a1]l was not bioken until tiain No 116 came
upon 16

No unusual events attended the acudent The tiack had been
wealkened by the presence of transverse fissures and a derailment fol-
lowed Fortunately it teirmunated without mole serious conse-
quences ‘Theie was propeity damage, and a considerable list of
personal injuties, but without fatahities

Iagure L 1llustrates the position of the chan cai, wheie 1t fell fiom
the freslle It was a cm of steel comstiuvction, having sufficient
stiength to fall and span the ereek without material mmjmy TFigure
2 1llustrates the positions of the last two Pullman ca1s of the tram,
lymg on then sides paraliel to the 1ight of way The complete
destruction of the track stinctuie 1n that vienty 1s shown
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8 INTERSTATE COMMERCE COMMISSION

Figuie 3 1llustiates the transverse fissure which was located 14 85
feet from the receiving end of the bioken 1211  The nucleus of the
fissute was on the gauge side of the head It had 1eached the
periphery, admitted au and hecame daikened Transveise fissuies
which 1each the peripheial surface of the head commonly appear
on the gauge side, and at the fillet under the head A thin layer of
metal next below the 1unning suiface usually 1emains unbrolen,
while the metal of the outer half of the head also 1emains intact

Rails which display tiansverse fissures not mfiequently contain
more than one They display fissures in different stages ot develop-
ment  The present 1ail was no exception to this tule  Two fissues
whreh had not 1eached the smiface were subsequently discovered
They will be 1efer1ed to in a later part of this teport

GENTI'RAL REMARKS

Transverse fissures have been described 1n eailicy 1epoits of the
Buieau of Safety The first 1eport upon this type of fiactuie was
published by the Interstate Commerce Commission relating to an
accident on the Leligh Valley Railioad of August, 1911 Iattle
remains to be said about them descuiptively They are fiactures
of mterion origin, with loer i the heads of the 1ails, and generally
on the gage saide They have definite nuclel, of dull gray appeai-
ance, surrounded by areas of silvery Inster In the early stages
of development a silveiy crescent foims, which later develops into
an oval sutface Tf they are discovered in the tiack hefore actual
separation at the surface, 1t 18 by 1eason of the display of a 1ust
streal where the fissuie 1s about to bieak thiough TPievious to this
stage of development, macioscopieally, they aie an unknown dangel
The rail 1s seriously weakened befoie transveise fissures admt of
detection by suiface mspection

CONCERNIXNG TITF PREVALENCE OF IRANSVERSE FISSURIS AND THEIR
DANGIFR

Prio to the yea1 1911 few fiactures of this type had been observed
They had not been 1ecogmized as a distinct type of fiactme up to the
tune of the acadent at Manchester, N Y , of August 25, 1911 Sev-
e1al yeals elapsed before much attention was given their mevalence
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 appeared in numbers Now they are 1epoited
fiom different parts of the countiy in incieased numbers The
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annual 1ate of display appeais to exceed 4,000, with the probability
of other thousands 1 embi yome state, at different stages of develop-
ment At present they ale 1ecognized as the most insichous, dan-
gerous type of fiacturte kmown Then menace 1s nol local, 1t 15
national

The situation demands a thorough, compiehensive inquuy into the
abihity of steel rails to endmne present tiack stiesses  The entie
trangportation system of the countiy depends upon the strength and
safety of the tiack structure, of which rails aie the vital paits
Bioken 121ls, caused by Liansverse fissures, are of daily occurrence

CONDITIONS I8SSONTIAT FOR SAFETY IN FNGINEERING S1IRUCTURES

Study has long been made of the physical propeities of steel Tt
15 known that ceitam unit stiesses may be enduwied for indefinite
periods of time The essential 1equitement for permanency may be
stated 1n a few words Steels must not be striamned beyond certain
hmits  To destioy a stiuctine, the only 1equuement 1s to ovelstiain
1ts members In a practical manne 1t 15 not difficult to judge between
safe and unsafe loads, when a 1easonable maigin sepaiates them

STLCLL RAILS AS BEAMS

One of the first 1equuements of a 1a1l, but the most easily met of
all, 15 1ts stiength as a beamn  With all the uncerlainties of support-
mg power of ties ballast, and subgiade, computations on assumed
1eactrions and measured fiber stiesses 1n the tiack, none <how 1rieme-
diable cause of weakness 1n rails taken as beams If evidence of
wealmess should ever appear, the 1emedy 15 s0 obvious 1t would be
immediately applhied Smmply displacing one section of 1ail fo
another of greater section modulus would end the trouble

It has not come to notice that present rails fail under beam action
A shght permanent bend would appear, the earliest indication of
overstrain  Under high bursts of speed, wheie the effect of the
counterwelght of the diivers practically doubled the static load, per-
manent sets have occuired It 15 no cause {o1 surprise, however,
that heavy engmes a1e 1un over hight 1a1ls without fiacture Re-
peated sets would be attended with nregular surfacing and would not
{ail to be noticed

DROP TESTS AND GAGGING
Rails display peimanent bends and necessaiily pexmanent elonga-

ticn of the outside fibels under the diop test A diop test does not
03086—29——2



10 INTERSTATE COMMERCE COMMISSION

1epresent the conditions of seivice It meiely stands for one method
of test 1n the display of physical properties Suddenness of rupture
has an influence on the manner of fiactuie of 1a1ls The effect of
shape 1s felt 1 all cases of sudden ruptures ¢

Examples have been witnessed in which the fiactuies of rails in
the drop test or1ginated not in the outside fibe1s but under the head,
at the fillet of the web Also cases wheie dog mailes 1in the web
located mcipient pownts of 1upture  Under high explosives, when
rupture 18 caused in the briefest inteival of time, slight changes i
sectional area have a pionounced influence 1n locating incipient
points of ruptute Symmetry of section and easy t1ansition fiom one
c1oss section to another are featuies of 1mpmtance to successfully
1es1st shoclk tests

Gagging necessarily ovelstrains the outside fibers of the 1a1l  The
elastic limit of the steel 1s locally exceeded, and the mill scale dis-
tutbed A slight indentation results at the place where the gag 1s
applied These mamfestations constitute all the evidences of the
operation of paggimg The microscope does not 1eveal any interion
change of structure The operation does not go fa1 enough to sensibly
change the appeaiance of the mctostructure Gagging, however,
profoundly modifies and fiequently ieverses the interior stiains of
coolmg Roller gagging would be expected to disturb the imitial
state of stiamn over the entire length of the 121l, excepting the ex-
treme ends not 1eached by the rolls Detiimental effects of gagging
have not been witnessed 1n fractuies of rails in the tiack

COOLING STRAINS IN RAITS

Cooling strains are set up n all struetuial shapes, under normal
conditions of cooling n the open air, whether foiged o1 rolled
members The fust evidence of cooling stians 1n & 1a1] 15 1ts change
mn shape after cambering Rails tend to stiaighten themselves du-
g cooling on the hot bed One pait of the c1oss section acts agamst
the other, affecting the 121l as a whole

Individual portions of the cross section lhikewise act upon each
other The effects of longitudinal st1ains ale thus obsel ved

Still further, strains hetween the exterlor and interiol metal are
mtroduced The effects of the latter attiact the most attention, since
they often 1esult 1n shankage cracks, and such cracks by some are
held to be essential precursors in the display ot tiansverse fissuies
Shiinkage eracks occur m both the head and the base No attention,
however, has been gaven those of the base
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COID ROLLING STRAINS IN RMAILS

The 1mpingmng pressures of the wheels 1n service set up inteinal
strang 1 the heads of raills They a1e stiains of compicssion 1mme-
diately below the runmng surtace, with reaction of tension i the
interion of the head The strains are both lengthwise and c1osswise
the 1a1l  Crosswise stiains tend to cause split heads, those wlich
aie lengthwise tend to cause transveise fissures Iach of these inte-
r1o1 fractures, sphit heads, and transvei=e fissmies are of tension

Previous 1eports of the Bureau of Safety have given the results of
mvestigations of these strains and furmshed numerical values In
biief, the cold rolling strains of compression aie far greater than
either those of tension o1 compression sustained by the 1ails taken
as beams Likewise, the internal stiamms of tension 1in the mtenior of
the head are gieater than the stiams of tension as they have been
measured 1n the t1ack under tiamn loads In other woids, the preatest
strains which rails a1e requited to endure 1n service come from the
mpmging pressuics between the tread of the wheel and the 1unning
surface ol the head

DFFINITION O TII} RAIL FROBLLEM

The above facts should be suflicient to center attention upon the
spectfic feature which constitutes the rail problem  The ciux of the
problem 15 located 1n the upper part of the head of the rail It
1esults from the mntense 1mpinging pressuies which are 1eceived
there Such pressuies caried to extremity would destioy any known
grade of steel The query 1s presented whether there now exists a
safe margin 1n the endurance of 1a1ls aganst emient wheel pressmes
The display of thousands of tinsveise fissmes 1s taken as evidence
that a safe margin does not exist

The preblem 1s to malke rails safe against present tiack conditions
They can not be called safe when numerous li1actures of a particnlar
type continue to occur Transveise fissmes should be mvestigated
until 1t 1s definitely established whether there 15 a remedy for then
display  Energetic efforts ate demanded No additional equipment
18 needed Lo 1naugurate such an nvestigation, and 1t would be 1dle
to say that enough material 1s not at hand

The constiuction of a special experimental tiack, special equip-
nment, and special heats of steel are unnecessary and would be well
calculated to indefinitely defer an answer
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LINES OF INQUIRY OPFN FOR INVESTIGATION

One of the most glaing lines of mquny for nmmediate mnauguia-
tion refers to the influence of shiinkage cracks in the central zone of
the head  Would then suppiession lengthen or shorten the lives of
1ails? The examimation of a few of the many thousands of 1auls,
which annually display tiansveise fissures, would assist 1m the solu-
tion of this question, and possibly yield a definite answer

It 15 a matter of general comment that ceitain heats of steel
(hsplay transverse fissutes wlile others do not under sinular con-
ditions of seivice TIs there any pecubar stiuctural, physical, ot
chemical 1eason which will account tor such iesults? Abundant
mater1al 15 at hand for comparison of 1ails which tracture and those
which do not

Compound tiansveirse fisswes, those which deflect tfrom 1ncipient
horizontal sphit heads, have onigms which are well known Can
seaminess, the cause of then formation, he eluminated?

Ts there any foreign mclusion at the nucleus of a transveise fis-
ame? Is there any pecubiar stiuctute at o1 1n close proximuty to the
nucleus of a tiansverse fissme? Inquuies have already been made
along these Iines with negative 1esults  Has anything been left out
in those 1nvestigations which fuither study will reveal?

Thiough the efforts of M1 E A Speiry material may now be
obtained 1 which tiansverse fissmies in different stages of develop-
ment are defimtely located Such examples would afford oppor-
tunity to ascertain what microconstituenis are mvolved in the
meeption of a transveise fissure

What characteristics predominate 1 rails of gieatest endurance
against the display of transveise fissures 15 an open question

In the investigation of shrmkage cracks, and then display afte
the steel 15 piclded 1n hot acid, 1t will be boine 1n mind that stee]
which has been overstiamed goes mto solution more 1apidly than
undergtiamed metal This leads to the query whether all of the
1 acks subsequenly found, preexisted beloie pickling  Meang should
be adopted for differentiating between cracks due to shiinkage con-
ditions and those which 1esult fiom the cold 1olling action of the
wheels  Are coohne st1ams on the veige of ruptme comerted 1nto
open cracks by wheel loads?

In view of modifications m the composition of rarl steel the char-
acteristics of medium manganese steel wonld be of interest to acquire
information upon Tf any grade of steel 1s found to possess supetior
durability against the foimation of transverse fissures, that steel
should be given switable study
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TWO DISTINCI YROBLEMS

The suppression of the tormation of transveise fissutes 12 one prob-
lem Theit detection in then inaplent m advanced slages 1s another
problem quite apait fiom the fiist

Since steel 15 fractuted only by excess stramn and since all 1a1ls 1n
service are subjected to stiaine of magnitude 1t would seem that the
tundamental cause for the display of transverse fissures could not be
ehmmated Steels, howevel, differ 1n then ability to endure strains,
therefore, by selection, a grade of stecl may be found best adapted to
meet the requirements of tiack conditions  There 15 no hope what-
soever for such a reduction m wheel loads that overstiaming the
metal at the top of the head ol the 1a1l will be avoided

The 1eal question 15 what can be done to make travel safer undex
cmient track conditions, as agmnst the display of transveise fissuies
To this question, which affects the entne tiaveling public, the most
serlous attention should be given A grave responsibility 1ests some-
whele, present tendencies and 1esults emphasizing this fact

A great step forward has 1ecently been made mn the physics of
steel  What has heietofore been denied 1s now an open boolk  Means
aie available for detecting the piresence of hidden fissures within the
heads of rails A demonstration was made late in the year 1923 by
My E A Speiry in wlich the presence of a gap in the continuity of
the metal 1in the head of a moddl 1a1l, corresponding to a tiansveise
fissure, was indicated by an electiical resistance method Laboratory
equipment followed and numerous tests of full-sized rails have been
made with complete success Rails collected fiom different sources
have been examined, and the locations of hidden fissures indrcated
subsequently found to be true  On the other hand, 1a1ls have been
examined which displayed tiansveise fissmes 1 setvice, and the
announcement made that no other fissmes existed mm them Subse-
quently the most diligent efforts failed to 1eveal any Thus 1t has
been shown that rails contaimng transveise fissuies were 1dentified,
and those in which there were none weie pointed out with equal
tellability  Thrack equpment for the detection of tiansverse fissures
became available early 1n the year 1928

If the matter was not so colossal 1t would appear that the detection
of tiansverse fissures, and therefore immunity against unexpected
fractures 1n the tracl, was a possibility  The magmtude of the piob-
lem 15 1ts appalling feature It has been allowed to run and 1each a
state until its contemplation 19 bewildering What can be moie de-
pressing than the 1ealization that lives are 1 jeopardy, known to be
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0, and definite action thercon not laken Taghteen years have
clapsed since transveise fissuies have been publicly known Then
numbers have swelled to approximately 30,000

Two outstanding matters of 1mportance are presented for nrgent
action, conceited, active steps, on a scale commensurate with the
magmitude and gravity of the subject, ascertaining defimitely whethel
difficultaes are mnsmmountable o1 not 1n the elimination ot transveise
fissures, and concmiently talce adequate steps to remove the menace
of tiansverse fissured 1a1ls fiom the track

INCIFIENT TRANSVERSE TISSURLS LOCATED BY 1IIF SPERRY DEILRCLIOR

One of the longer fingments of the 1a1l involved 1n the accident
near West Junction, Kans , wag forwaided to the laboratory of the
Speny Development Co, at Brooklyn, N Y , where 1t was examunec
for the presence of additronal t1ansverse fissutes

Two additional fissuies weire detected, then places located and
maiked on the suiface of the 1aal It was also stated that they dit-
fered 1n mze, and which was the larger was foretold They were
subsequently found in the places ndicated and n then relative
s1zes

These were not the first hidden fissures which had been accurately
located, but 1t was nevertheless an 1mpiessive matter to be told what
condition existed within a plece of steel by the first man who had
ever done so  What greater hono1r can attach than to such an achieve-
ment pertaining to a matter of nation-wide importance?

I'pure 4 represents the places of the three fissures which were dis-
played at the time of the accident, while Figuie 5 shows the places
of the mcipient fissures detected 1 the labolatory of M1 E A
Sperry

Figare 615 a sade view of the rail after the completion of the frac-
tute at the larger tiansveise fissure located by the Speiry detector,
26 1nches from a transverse fissure displayed at the time of the aca-
dent This fissure was brought to the surface by peening Figme
T shows the fiactured suiface, containmg the transverse hssure, the
side view of the ra:xl appearing on Figuie 6

TRANSVFRSE TISSURE BROUGHI 'LO 1HE SURFACE BY PEENING

An experiment was made upon the 1ail at the location of the la1 ger
fissuie, by peening with a light hand hamme: It shonld be men
tioned, as staled on different occasions, the belief 15 entertained that
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inteinal stiamns set up in service by the impimging piessures of the
wheels, are mstiumental and basic 1n the {formation of tiansveise
fissutes  The inteinal st1ains ale the essential factors, the means em-
ployed tor thenn intioduction immaterial  Since inteinal strains
may be set up by peening the surface of the head, 1t might be ex-
pected that peenmg wonld assist 1n the development of an interio
fissure  Accordingly this experiment was made

The 1211 was peened 1n the vicinity of the laiger hidden fissme
Atfter a number of hammer blows the tiangveise fissure made 1ts
appearance at ihe smface of the head Inteinal strams weie thus
mtroduced, extending the boundaivi of the inteinal fissure until the
peripheial metal of the 1a1] was 1eached

The hmited time and small number ot hammer blows which accom-
plished thig 1esult are signibcant features ‘Lhey suggest the prob-
able rapd development of t1ansverse fissuies 1n the traclk

Next 1n turn 1s the query whether a peexisting tendency 1esides
mm tiansveise fissuted rails o1 whether tiack conditions alone a1e 1c-
sponsible for the cisplay of tiansverse fissmes If the nuclens was
small there would seem httle difference 1 the mmitial effort necessary
to enlarge the fissme over the effort requned to originate 1t

The character of the surface enlarged by the peeming was the
same as that of the 1emaining portion of the cross section The
silvery luster displayed by tiansverse fissutes was not displayed on
the extended aien of the fissme It was not expected to be The
silvery luster of a fissute 15 due to the buinishing effect of the oppo-
site faces as they are hrought together when the rail, above 1ts neutial
axis, 1s put mto a state of compiession When a wheel 13 directly
over a fissure the opposite faces are doubtless forced agamst each
other  The reaction of peening was tension only

When the upper pait of the 1al 15 1n fension 1n 1ts action as a
beam the opposite faces of a transverse hssute should not be in paial-
lel planes, but shightly divergent The space at the sides of the gap
should be propoitional to the distance above the neufial axis of the
121l Oceasionally the burmishing effect on the faces of a fissme
illustiate this featuie

VARTABLE BURNISHING EFFECT ON SURFACE OF TRANSVELRSF FISSURE

Figmie 8 15 an example 1 which the upper patt of the area of an
incipient fissime showed more complete burmshimng than the lowen
portion It does not follow, however, that actual extension of a
transverse hssie takes place only when the 1ail above 1ts neutial
axis as a beam 15 1n tension  Much might be said upon this point
Longitudinal vib1afions snggest themselves as factors
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INCIPIENT TRANSVERSr IISSURE COMPLELED BY JONGITUDINAYL VIBRALIONS

Figure 9 illustiates the fractme of a rail containing an mcipient
transverse fissure, the completion of the fracinie having been accom-
plished by longtudinal vibrations This and two other fractures m
the same piece of 1a1l, each at o tiansverse fissuie, were made by
blows of a light sledge hammer delivered endwise on the ra1l  Wave
motions under high-speed trains, transveise and longitudinal vibia-
tions present matters o1 mathematical analysis  Profitable lines of
mquity sugeest themselves whenever a caretul consideration 15 given
the conditrons under which steel rails are exposed 1 sexvice

FRACTURE UDPWARD FROM BASE DOFS NOT PASS TIIROUGH TRANSVERSE
FISSTURF

Figure 10 1llustiates a transverse fissure 1n a 113-pound rail whach
was located by the Sperry detector A saw scarf was made 1n each
flange of the base, directly opposite the indication of the transveise
fissme 1n the head The 1a1l was then broken as a beam with the base
1n tension

The plane of ruptuie, notwithstandimmg 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 Other saw scarfs wele
made and the metal wedged off, 1evealing the fissme at the place
whete 1ts presence had heen announced

Figure 11 15 a sade view of the 115-pound 1a1l, the dotted line on
which repiesents the plane of 1upture wheie 1t 1eached the head of
the ra1ll Theire was no evidence on the fiactured surface of the
ptesence of the transveise fissure which existed in the immediate
vieimty The explanation of this feature was appalent, an open
joint, as 1t wete on the compiession side of the neutial axis, did not
wealten the 121l as a beamw  Compiession joints in columns of archi-
tectural examples are vitnally transveise fissures, but do not impan
the strength of membe1s exposed to compression stiesses only Theie
can not be a doubt that transverse fissuies are tension fiactuies, these
examples furnishing confirmatory data

18 THERL A RAIL SATE AGAINST BRITTLENIESS IN FRACTURE AT PRISFNT
EKNOWN "

All grades of carbon steel will, under certain cricumstances, display
brittleness 1n fracture Dead soft steels and tool steels mie alike m
this respect  The hard steels ale susceptible to mmjury fiom shight
mechanical causes, the dead soft steels yield readily to repeated
stresses of low magnitude
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Manganese steel, 12 per cent manganese, properly tieated, has this
1emarkable propeity, 1t 1ctains toughness under conditions wheie
otheir steels are buittle DBut cold 10lling of the running surface of
this steel destioys 1ts toughness at the immediate surface and orig-
nates a biittle fracture which may be extended by repeated stresses
However, even afteyr half the ci1oss seetion 15 1uptured, the balance of
the rail has been shown to 1etain the noimal toughness of the metal

LIMITATIONS Ol SINESSES IN RAITS—WITAT STRESSES ARE PERMISSIBELF—
HAYI ANY BEEN DEFINED®

In impoertant engineering structuies imiting unit stiesses are caie-
fully presctibed In tension the usual range 1s from 12,000 to 16,000
pounds per square inch  In compression substantially the same limits
prevail, but modified 1n the case of columns according to their ratio
of slenderness In long columns the permissible umt stiess 15 low-
erted  Any engineering example outside of a track structme designed
without regard to limiting fiber stresses 1s inconceivable

Rails stand alone without any definition of what the stresses in
service shall be The difficulties of the pioblem are recogmzed,
nevertheless, there 15 no obstacle to giving the matter some con-
suderation

ANNUAL FAILURES OF ENGIN¥FRING STRUCTURES

Rails aie the only steel members upon which annual 1epoits of
failwies have been published Specific causes of farlure have not
heen adequately presented pertaiming to the rails themselves nor the
conditions of service The sources fiom whence the broken 1ails
came, howevel, have been enumerated, and the 1elative standing of
the several souices dnly announced Other engineeling examples
o not furnish material for 1eports of annual farlures

SUMMATION

Important engineering stiuctures should possess a suitable maigin
m safety This 1s obtaned by Iimitation of the worling stresses
" In rauls a serious condition 15 presented Wheel loads of motive
power and equipment each overstiain the metal in the upper pait
of the heads ot all 1aals  Stuietly, no rail 15 immune from fractue
after a peniod n the tiack Theoretically and practically all 1mls
are exposed to conditions which culminate m the destruction of the
metal Internal stiains set up by the wheel loads 1s proot of this
assertion  The 1esults of measuted stiains in 1a1ls, which have been
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mn service, cally with them the deduction that a definite known
margin m safety does not exist 1n 1a1ls  Thele 15 no known steel
which has properties which enable 1t to 1es1st cuirent wheel pressules
without the intioduction of imteinal sttaing  Strains have not heen
meastied 1 12 per cent manganese steel, due to the inability of
machining {his metal, but 1ts inhelent toughness has been destroyed
at the immediate Tunming suface of the 1a1l by wheel loads, 1upture
ensuing

Overstiaining the running smface by means of wheel piessures
necessarily intioduces nternal stians m two dunections, lateral and
longrtudinal  The lateral component leads to mashed and split
heads, the longitudinal component leads to the display of transverse
fissures It 1s clenily evident that theie 15 no escape from the effects
of these intense 1impinging pressues  As the crux of the rail piob-
lem they must be 1ecogmzed and reckoned with  Since 16 15 mpossi-
ble to avold these intense pressures, the practical question 1s what
grade of stecl will best endure them That mformation must come
trom tiack 1ecords, from 1a1ls which have been exposed to the vics-
situdes of se1viee, intense impinging pressuies, 1apidly apphed loads,
vertical wave motions, and longitucinal vibrations Toads aie re-
relved along different elements of the 1ai1l heads according to the
varving contours of the wheel tieads

Theie are two features which attach to manufactuting conditions,
namely, shiinkage ciacks i the cential core of the head and acicular
tongrtudinal slag stieaks o1 extended blow holes Longitudinal
streaks undoubtedly lead to the foimation of compound tiansveise
fissures, but further data are needed to demonstiate the influence of
shiinkage cracks These data, of coutse, must come from the exami-
nation of 1ails which have been 1n se1vice

Although 1epeated examinations have been made of the metal 1n
the vicmmity of transveise fissures, and no foieign mclusion of any
kind discovered nor any peculianity in composition o1 structure,
nevertheless a moie intense study 1s desirable of these featwies
Fractmes must have dehmte onigims  What nucroconstituent 1s re
sponsible fo1 the nception of 1uptme? Inteinal strains are set up
Ly heat or mechanieal treatment, in tieated and untreated steels what
ielations do the mcroconstituents beal to the points of mception of
tractmes A comprehensive study of the phenomena of rupture 1s
tequued 1in the matter of tiansverse fissures

Suggestive lines of inquuy aie numelous which direct efforts for
prolonging the lives of rails against the formation of transverse
fissures  The prevention of transverse fissmes, 1f such 1s possible,
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o1 retardation of then display 1s a matter of vital 1mportance in
1espect to safety 1n tiavel Efforts to meet such ends should not be
held 1n abeyance Taghteen yems have elapsed since this msidious
type of fiactire was brought to geneial notice and yet no adequate,
compt ehiensive research has been inaungurated toward the amelioration
of conditions

Thiongh the efforts of Mr T8 A Speiry facihities ate at hand for
the detection of transvelse fissures 1n the laboratory and mn the tiaclk
While the detection of trangverse fissures, 1n their different stages of
development, and their elimination or 1etardation of development aie
entuely different problems, nevertheless the 1investigation of fissuies
1¢ geatly aided by means of facilities wheieby they are accurately
Iocated 1n the 1ails This divining rod method indicates the exact
spols at which research efforts should be directed, and where the -
tormation sought 1s located before 1t has been destioyed Never
hefore have such favoirable opportunities been presented for acquir-
g exact information upon the formation and development of this
dangeious type of fiacture On account of the magmtude of the
problem and the desirabihity of acquuiing data from general souices,
to embiace conditions as they exist 1n different parts of the countiy,
a joint comprehensive mquiry 1s urgently demanded

Respectfully submitted

Jamrs & Howarp,
Enguneer-Physierst
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FigLrE 1 —Deiailed chau cai, on 1ts sade parallel to tiestle, spanmng the Ded of the ceek



IFIGURE 2 —Derniled Pullmans Cut showing destruction of tieck stiucture
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Fiourr 2 —Derailed Pullmans Cut showing destructlon of tiack stiucturc



FFreunt 4 —Appeuance of tiansverse fissme located 14 85 feet fiom 1ecerving end
of 1l
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FIGURE 4 —Itelative places of three tiansveise flosuies displayed at time of accident
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Ticure 5 —Foslions of two [ncipent fransvelse fissules lecated Dby {he
Speily de'ector



TiGuat 6 —Side view of 1a1]l after completion of fiactme DTosition of transyveirse fissule located
by Speiry detecter at maddle of paint mark Fiacture brought to the su_face by peening



FI1GURE 7 —End i1ew of 1a1]1 showiug the laiger of the incipient tiansveilse fissules
located by the Sperrvy detectol



Fieunk 8 —Incipient tiangverse fissuic showing 1a
11able burmshing effect, eatest In upper part,
incomplete 1n lower paif of i1ls aiea



L1gurE 9 —Ianapient trinsverse fissule m a 100 pound 1a1l  Tractuie of .ail completed by
hammelr  Opposite ftaces of the fissuie hole shown

endwise DLlows of 1 sledge
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Ligunk 10 —End view of a 115 pound rml showing a tiansverse flissuie
which was located by the Speiiv delector



Frogure 11 —8lde view of the 115 pound rail shown by Iguie 10 Obligque
factuie f1om saw scimifs i the base look dotted line ilamough (ho

head
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