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INTERSTATE COMMERCE COMMISSION

REPORT OF THE DIRECTOR OF THE BUREAU OF SAFETY IN RE
INVESTIGATION OF AN ACCIDENT WHICH OCCURRED ON THE
WABASH RAILWAY NEAR TOLONO, ILL, ON JULY 29, 1925

Mancix 16, 1926
To the Comnession

On July 29, 1925, thete was a derailmeni of a passenger tian
on the Wabash Railway near Tolono, Ill, resulting in the death of
one passenger and the mjpury of five passengers and four emplovees

LOCATION AND MILTHCD OT OPLRAIION

This aceident occurred on the ninth district of the Decatur Divi-
sion, eastern distiicl, extending belween Tillon and Decalur, I11, a
distance ot 717 nules, in the mmmediate vicimty of the pomnt of
accident this 1s a single-track line over which trans are operated by
time-table, ttain oiders, and a manual bloclk-signal systemn ‘Lhe
accident oceuried about 2 miles east of Tolono, on an embankment
about ¢ feet 1n height the tiack 1s langent fo1 a considerable dis-
tance i either dnection from the pomt of acadent, while the grade
1s ascending for westbound tiains, being 0315 per cent at the pomt
of detailment The tiack 1s laid with 90-pound 1ails, 33 feet
length, with an average of 21 oalk and pine ties to the r1al-length,
single-spiked, paitly tie-plated, and ballasted with giavel to a depth
of about 12 1nches

The weather was paitly cloudy at the time of the accident which
occutied at about 553 p m

DI SCRIITION

Westbound passenger train No 53 consisted of one combination
tal, one coach, one deadhead chair car, and one deidhead coach
all ot wooden constiuction, 1n the order named hauled by engine
653, and was m chaige ot Concductor Patiick and Engineman Judy
This t1a1m passed Plalo 58 mules east of Tolono, at 346 pm 12
munutes late, and on 1eaching a point approxumately 3 8 miles be-
yond Philo was deraled wlnle traveling at a speed estimated to
have been between 45 and 50 miles an how

Engine 633, 1ts tender, and the 1ear tiuck ol the first car wele
not deratled, while the 1est of the tiain was derailed to the south
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The head end of the engime was aliout 677 feet west ot the mmitial
pomnt of derailment  The second and louith cars came to rost
practically upnight, while the thid car was leamng to the south, a
distance of 118 feet separated the second and thod cais

STAMARY OL IVIDENCD

The fi1st lknowledge members of the aew had ol anything wrong
was when the acodent occuried  Engineman Judy <and that when
the engme passed over the mitial pomt of cerailment he Telt noth-
mg to mdicate a broken raill  Immedhately alterwaids, however,
he felt a luich which 1etarded the engine and on looking back
he saw the cars derail  Frueman Davidson <aid the fust Le knew
of anyllung wiong was when the an brakes were applied as a 1e-
wult of the derailment Condueion Patrrck and Birakeman Frame
wele 1dimg n the second car at the tame of the accident and said
the car <eemed to diop Lo the ties, these emplovees estimated the
speed to lave Dbeen between 43 and 50 pules an howr at the cune
ot the actident Conductor Palirck and Engmeman Judy went
back after the deratlment amd found a boken i1ail on the south
sule of the tracle, at a pont about 243 feet to the 1ca1 of whele
the last car came (o 1est, this pomnt bemp 334 feet cast of nmle
post 336

Thrs acadent was caused by a bioken 1411 An 1myvestigation
mmto the teason tor the {faitlme of this 1a1l was conducted by AL
James B Howaid, engineer-phvsicist, whose 1epoit immediately
tollows

A PORL O 1111 TNCINERR-PHYSICIST

The derailment ot westhound tiamm No 53, near Tolono, III, on
July 29, 1925 was due to o roken 11l which fiactmed at a tians-
veise fisswe  This 1a1l was 1olied by the Illinois Steel Co, 1n the
month of Febiuary, 1916 and laid m the track m the month of April
next following Its weiphlt was 90 pounds per ymd, A R A
section, heat number 49052, and ingot letter €' It had the following
chemreal composition Caibon, 070, manganese, 069, phosphoius,
0032, sulphui, 0030, silicon, 024

The mitial pomt of 1upture was 20 feot 6 mnches fion its recerving
end A tiansverse fisswe was located in the head of the 1ail at this
place, wealtening 1t and leading to 1its fiactme  The leaving end of
the 141l was bioken into six shott f1agments

Ineipient transveise fissures wele displaved in some of these
short fiapments  Two frapwents wele apain broken undel a -team
hammel 1m quest ol sttll other fissures but none was found

Six vears five months piior to this derailment, the track was
injuted by a bioken wheel TFoity-thiee 111ls were damaged, of
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which number 14 weie immediately 1emoved 'The 1emamming 29
were strengthened with angle 11ons at those places where the heads
had been mdented by the bioken wheel It was one of these 1a1ls
which caused s derailment  The wheel-indented places 1emained
intact  Thansveise fissties wele developed m other parts of the 1a1l,
without relation to the indented sections

Subsequent to this deralment another transverse fissuie was
discovered about 400 feet away, and 1a1] 1emoved fiom the tiaclk
This 121l was 1olled by the same steel company and had the same
werght per yard and cioss-section Jimensions as the one which
caused the deraillment

Pieces fiom each ot these rails were exanuned for stiuectwal
condition at the central paits of their heads Metal f1om the tops
of the heads was planed off in successive deciements of one-eighth
mch prcklhing each of the exposed surfaces mn then turn in hot
hydiochlotic acid  Included n this examination also was a piece
ot an 83-pound 1ail which displayed a transveise fissute and caused
a deratlment on the Southein Raulway near Juliette, Ga , on August
2 1925

Alternate planing and pickhng the scctions constituted the ex-
amwmation now made, having 1eference to the state of the metal
m different paits of the head Previous examinations of transverse
fissured rails have been duecled to other featutes chemueal and
metalln gical

Interest attaches to conditions which preval at the nucler of
transverse fissuies, whether or not there 15 continmity of the metal
at such places antecedent to the inception of the fissures  Shattered
zones ale encountered m the cential core of the head, gioups ot
cracks where no foreign inclusions of any land me found They
1epresent cooling effects, wheie the 1ails 1n cooling fiom the hnish-
g temperatures of the 121l mill acqmiie inteinal stiains, culminat-
g m some ecases m small 1riegularly orenfed fissmies  Cooling
st1alng, 1n a measire, are 1elieved when ciacks ensue

Some metalluigists and engineers are of opimion that an incipient
cracl of this kind 1s the necessary antecedent condition for the for-
mation of a transverse fissure  All rails are subjeet (o cooling stiains
ot some degiee  The formation of cracks signalizes that a paitial
telief from a mavimum state of stiain has been evperienced by
1eason of the 1uptuie of the metal It 15 not the ehimination, com-
plete o1 paitial, of one component tending o cause an inteilor fis-
sure which 15 held a necessarv precuisor 1 the formation of a trans
veise fissuie, but the 1esulting diseontinmity of the wetal locally
mtenufying the stiains nuposed by the wheel pressutes  The ex-
planation of the genesis of tiansverse fissmres does not introduce
factors pecubiar to rails wlich have displaved tiansveise fissmies,
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but 1ests upon featmes of common occurrence m all - IFundamentally
the ruptme of steel, whether 1n a 1a1l o elsew hete, depends upon
the magnitude of Lhe stiains imposed and modified by ithe manner o
application

With these fealines i nund 1eievant evidence was sought 1 the
exanunation of the present 1a1ls  Fou conyenience of 1eference the
1ails weie given 1denlafying letteis as follows

A MNmety-poundd 1ail mvolved in the derallment of timn No 53 on the
Wabash Railioad near Tolonoe, 111, July 29, 1923

B Nimmety pound 1a1l discovered 1 the tiack with a fiansyelse fissuie
Wabash Ralroad, 400 feet fiom the location of rul A

G Eaghty five-pound 1a1l mvolyed 1 the derarlment of tiam No 4 on {he
Southein Raldway near Tuliette, Ga, August 2 1925

The head of 11l A was planed off 1n successive deciements ol one-
erghth meh and pickled m hot hydiochlorie acud at each stage At a
depth of one-fourth inch no cracks nor seaminess was shown At a
depth of three-eighths meh an mecipient tiansieise fissuie was 1e-
1ealed, measuiing five-siateenths 1nch long, taken ¢1osswise the 1a1l
Its maximum length was found to be one-hall meh It dusappeared
at a depth of 1 1neh

Al the depth ot one-half inch below the 1unnine smiface lTongi-
tudinal seanms were displayed, but no tiansveise cracks At fyve-
eighths mech and thiee-fourths inch, respectively, shoit tiansyerse
cracks were displaved 1n the cential core of the head longitudinal
seains also being shown

The metal of the head of rai1l B was exammed n a sumilar man-
ne1 A tiansveise hssire over 2 mches m diameter was located at
one end of this fiagment  Planming off the head of the 1a1l a depth
of one-fourth inch 1evealed another well-developed tiransverse fs-
sure, located 1% inclhies from the transierse fissiwe which was dis-
plated i the trade  This fissie was found to have a diameter of
13 1mnches It may be 1ematleed 1 passing that the deselopment of
two large Lransverse fisses i such close proanmtv to cach othey
Imecludes their formation Leing atliibuted to bending stiesses of the
1ail considered as a beam It attaches 1esponsibility to the imping-
g pressules of the wheels on the 1unning suiface, they only bemng
competent to cause the formation of two closelv adjacent fissures

The pmiclded suifaces 1evealed a few shoit crosswise ciacks, none
bemg 1 the viemity of the fransyeise fissures  Figme No 3 shows
the appearance of the mnciplent transveirse fissuie founcd in this {1ag-
ment, photographed at a depth of 1 inch below the 1unping suiface
of the head The pukling bath enlaiged the ciack 1epresenting the
transvelrse fissuie

Absolute proof 1s wanting in many cases whether a nunute shiink-
age ciaclk was at the nucleus of a hssmie whether 1nternal stiains
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on the 1erge of 1upture existed at that place, o1 whether the ncep-
tion of the tiansveise fissuie wag due <olely to the nteinal stiains
set up by the wheel pressures Transverse fissuies located entuely
outside the lunits of shaliered zones presumptively owe then 1ncep-
tron to wheel pressules alone  Inteiesting questions abound cesciip-
tive of the phases of 1uptule as well as those eaplanatory of the canse
of tran«yerse fissuies

Rail € had the following composition Catbon, 0 68 manganese,
080, phosphoius, 0029 sulphur 0025 It had been 1n the track
a period of 14 years + months when 1t displased a transyeise fissuie
It was caamuned 1n the same manner as 1ls XA and B No addi-
tional Lransviise fissutes weie discoseied  The pickled <mifaces
showed longitncinal serrations, haidly desciibed as seams, paiallel
to the direction of the 10lling of the a1l A wiosswise (rack threce-
hundredths of an mmch long appeared at a depth of one-half inch,
and two otheis at a depth of thiec-quatiers inch The hot acud
developed a few pmholes 1n the pielded suiface when planed to
different depihs No manilestations of consequence were displayed,
negative evidence only being acquued Such tests, however, have
their values, eventually leading to sound explanations by elimninat-
ing untenable ones

Photographic punts are mtioduced to 1illustiale the appearance
of {1ansverse fissures  Figiie No 1 shows a tiansvelse fignie which
was displaved by a 90-pound 1a1l on the Chieago & Alton Railioad
Thus fractwe, originating in the head over the gange side of the web
cepatated the laiger pait of the wioss section of the head It had
1eached the peripheral suttace when it fiactured under a tram
This 1a1] had been 1n the lrack 7 vears and 10 months

TFigure No 2, ¢ and b, 11lustr ates two other transierse hissuies, from
anothier 1a1l, at eaihier stages of development These fissules e-
sented a silvery luster, common Lo mncpient fisses before exposme
to the ann The suifaces are commonly darkened when viewed on
transverse Assured rails whieh have caused a separation of the r1ail
m the track

Inapient transveise fissutes al then eailiest stages nsually display
qlvely crescents, concentrie with the nucler  The nucler of trans-
velse fissules tetam then giav color whence 1t 15 inferred that
thent formation the metal 1s torn apait by a longitudinal tensile
torce and the opposile taces do not agan come 1nto contact with
each other Tn regard to the corona of fissmes, then «ilvery luster
15 attributed fo a buumching effect, the opposite faces malking con-
{act when the section of the 1a1l, above Llg neuttal axis, 1s stramed
by compiession loads There 15 no display ot ductility mn the steel
m the extension of a4 tiansyeise fissure The bmnished taces are
sepatated hardly a measmable distance

2
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The opimion prevails among those who ate not prepared to place
full 1esponsibility tor the formation ot tiansverse fissures to service
strains and stiesses 1ecenned 1n the tiack, that some anlecedent state
exists which cieates a nucleus, all admitting that the extension o1
enlai gemenl of the tiansverse fissures are due to track stimng and to
those stiains only

The nucleus of a transieise fissuie 1epiesenting 1ts pomnt of
meeption, displays an area ol 1 per cent o less of the seclional alen
of the head The explanation offered 1s not an encouraging one,
which places responsibility for the ocemiience of a transveise fissie
upon a preexisting ciack in the head of the 1a1l not exceeding one
one-hundredth of its aiea, talung mto consideration also that the
Preexisting crack occupies a position not among the fibels wluch aie
most remole fiom the neutial axis of the 1ai1l  The fust stage of
enlaigement of such a precxaisting ciack would obviously demand a
force nearly 1dentical 1n magmitude to one necessaly to start 2 aack
m an mtact ral  This aigument does not give much encomiage-
ment to the elimination of tiansveise fissmes, which have then
oligins as shimkape ciacks nor does 1t 1emove the 1esponsibility
la1 from the influence ot the wheel pressmes talen alone

Omission of the consideration of the effects of the intense imping-
mg pressules between the tread of the wheel and the head of the
121l has been quite geneial  This featwie which constatutes the 1eal
ciux of the 1a1l problem has been piactically i1gnoled, a better
understanding of the case will be 1eached when 1t 1s taken into
account  Weights and shapes of 1mls are changed and specifica-
tions 1evised without tonching upon ths vital element

When wheel loads are mentioned those of the equipment as well
as those of the motive power me included Due to the gieatc
numbel of iepetitions of wheel loads of the equpment, then n-
fluence appears to exceed the lesser number but heavier loads of
the motive power  This 1esult 15 entiielv con<stent with carefully
conducted laborator v tests on 1epeated stiesses

In 1etrospect, no 1emedy has been found for the pievention of
transvelse fissules attaching to current grades of steel and present
practice 1n wheel loads Nor has 1t been possible to predicet when
{1ansverse fissies would display themselves with 1espect to lon-
gevity of the rails mn service Tt 15 well estabhshed that haid steels
develop transveise fissuies without distortion of shape under wheel
loads and with slight loss of metal by abiasion, also that all weights
of 1a1ls display thic type ot ruptuie Furthetmore, 1t has been
shown that the display of tiansverse fissuies predominates on heavy-
traffic t1acks 1n comparicon with 1ails cannying the same engines but
with light-weipht equipment of 1etuin-tiain movements, and that
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low 1a1ls of curves cisplay moie fissmes than high 1a1ls  Effoits
to detect the presence of ineipient tiansverse fissuies 1n 1a1ls i the
track have been unsuccessful

The present situation 1s disquieting, with inabihty to prevent their
1ecuirence, and without knowledge of then existence 1n the tiack
until some untowaid cncumstance 1eveals then presence They con-
stitute an ever-present menace to hfe and piroperty, demanding
more than passive enduiance The most definite statement peimis-
sible 15 that by the process of ehmination the 1esponsibility to1 the
display of tiansverse fissures attaches to high wheel loads, which
me1ely 1eiterates statements which have been made tiom time to
tine since this merdious type of fracture was finst bronght to gen-
eral notice

SUMMARY

A tiansverse fhssuie was 1esponsible for the derailment of tiamn
No 53, a type of fracture wlieh has defied detection m the fiack
uniil actual sepaiation of the 121l has taken place Rails conunonly
acquile t1ansverse fissures 1n sevelal places along then lengths  One
121l came to notice m which 30 transverse fissures 1n different stages
of development weie present On account of then mnmbers and
frequency, 1eports upon them tend to assume a periunctory charae-
ter, and would do so except tor the gravity of such firactmes,
attended as they frequently are with serlous consequences

It 1s the opportumiy and the duty of the users of 1ails to look
diligently mto the cause of the formation of this type of fiactuie
They have the necessa1y material at hand with full knowledge of
1ts behavior  The 1esults of efforts which have come to notice have
contithbuted towaid the elimmation of piobable causes Positive
data should now be looked fo

Respectfully submitted

W P Borvaxn, Derector
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e 1 —Appeatance of a tiansiaise hssiie m the head of A 90 pound 1 ul

b

Fie 2 (a and b) —Appealance of tno
ti inmvemse fssures at Aiffcient stigos
of (ovelopment 1 the sune 11l
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INCIPILNT TRANSYI RSIu BISSULT
Ilead planed off 1 nch
This fissmie was

T'ie 3 —DOdge of an eipent tiansveise fissuie 1m 4 98¢ pound il
Pickling nciecased the width lof tlie fissme

and sulface then pickled
located 1% Ilnches flom another fissure at broken end of 111
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