INTERSTATE COMMERCE COMMISSION

REPORT OF THE CHIEF OF THE DIVISION OF SAFETY COV-
ERING THE INVESTIGATION OF AN ACCIDENT WHICH
OCCURRED ON TEE CHICAGO, MILWAUKEE & ST PAUL
RAILWAY AT OAKWO0D, WIS, ON JANUARY 30, 1915

ApriL 28, 1915

To the Commassion

On January 30, 1915, there was a derasilment of a passenger tran
on the Chicago, Milwaukee & St Paul Raldway at Oakwood, Wis |
which resulted in the mjury of 21 pessengers After mvestigation
as to the natuie and cause of this accident, I beg to submut the fol-
lowimng report

The train mvolved m this accrdent was westbound passenger tramn
No 5, en 10ute from Chicago, Ill, to Mimneapohs, Minn It con-
sisted of an engine, 1 mail car, 1 combination mail and express car,
1 baggage car, 3 coaches, 1 dining car, and 1 parlor car, and was m
chaige of Conductor Wood and Enginemen Collms It left Chicago
at 830 a m, and at 1012 a m was derailed at a crossover frog a
few feet east of the station at Qakwood while traveling at a speed
estimated to have been about 55 miles per hour

The entire train was derailed wath the exception of the locomotive
and first two cars, the baggage car coming to rest on 1ts side, while
the other cars remained practically upright and none was materially
damaged Illustration No 1 1s a view of the rear portion of the
tran, looking east

This part of the Chicago, Milwaukee & St Paul Railway 18 a double-
track lme and 18 equpped with automatic block signals At the
pomt of accident the frack 1s straight, load wath 100-pound steel
1a1ls, 33 feet m length, wath about 19 oak ties under each rail, bal-
lasted with 2 feet of gravel At the time of the accident the weather
was clear

Examination of the equupment of the train showed that there was
& broken wheel under the beggage car The trucks under this car
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were 6-wheel tiucks, and the wheel which broke was the middle wheel
on the nght side of the forwaid tiuck When the tiack was ex-
ammed pieces of a journal hox, packing, and several small parts of
the truck weie found at a pomt about 2,300 feet east of the pownt of
derailment  About five ral lengths west of this pomnt was a broken
rail, apparently broken as a 1esult of the pounding of the bioken
wheel upon 1t Nearly 850 feet west of the point where the parts of
the journal box were found was a piece of the tire from the broken
wheel, this plece bemng found at the foot of the embankment on the
south side of the eastbound track Nearly 650 feet west of this
pomt a second piece of this tire was found, this piece being between
the two mam tracks About 450 feet beyond the pomt of derail-
ment a third fragment of the tire was found, while one other piece
could not be located

The might car nspector in the coach yard in Chicago stated that
the baggage car ariived mn Chicago on January 29 and on bemg
brought to the coach yard was mspected by im  He found one peir
of defective wheels on the same truck under which the broken wheel
which caused the accident afterwards falled The car was then sent
to the wheel pit and a new pair of wheels was put unde:r the car in
place of the defective pan  After this had been done the car was
agan inspected by im, as well as by two car repairmen, but no other
defects were found

The nvestigation to asceitain the reason for the failure of this
wheel was conducted by M: Jemes E Howard, engineer-physicist,
tests bemng made 1n conjunction with representatives of the Chicago,
Milwaukee & St Paul Railway Co at the shops of that compeny 1n
Milwaukee, Wis  The report covering the resuits of this investigation
follows

REPORT OF THE ENGINEER PHYSICIST

The wheel the tire of which failed, apparently leading to the de-
1a1lment of train No 5, was one of a bullt-up type, which consisted
of g cast-iron hub, o1 spider—so called—two rolled-steel cheek plates,
and a rolled-steel tire The several parts, durmg fabrication, were
assembled by forced mechanical fits, to msure the proper umity of
then action in the completed wheel In a subsequent operation the
plates, hub, and tire were drilled and were further secured to each
other by through bolts The usual number of bolts mn wheels of this
type 15 39, of which 30 are three-fourths inch diameter and 9 are
seven-eighths mch diameter The smaller bolts form three concen-
tric encles of the outer part of the wheel, the larger bolts are those
of the iside encle at the hub, the heads of the latter bemg counter-
sunk
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Figure No 2 shows the construction of this type of wheel, m 1
cross section, with cast-rron spider in place on the axle, nner :
outer steel plates, and rolled-steel taire The thickness of the t.
hera shown, 1} mches 1 the plane of the outer plate, 1epresents
thickmess at time of derailment
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No 2 —Seetionsl view showing details of construction of bwilt-up wheal consisting of cast wron L
two Jroch ateel plates and rolled steel tire

No 3 —5ide view of budi-up whee] showing cast-Iron splder with one franch steel plate and steel tire
1 place the outaide {inch steel plate removed
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Figure No 3 1s a side view of the wheel showing the cast-iron
spider and the tne, with one of the plates, the outer one, removed

In machining these parts, for obtamning proper mechanical fits,
the plates aie made shghtly over and under the diameters of the
tire and the hub, respectively, the assembling then bemng done by
forcing the plates over then seats with a hydraulic press The me-
chanical fits thus secured are relied upon m heu of assembling by
shrinkage fits

The outer circle of bolts clamp the check plates directly to the
mterior web of the twre The Dolts of the next circle, which are
located just within the mner diameter of the tue, draw the plates
toward each other Since there 13 no duect support opposite this
second circle of bolts the plates are bent shghtly mnward, m con-
sequence of wluch any radial movement of the fire with 1eference to
the plates tends to wear a shoulder whete the mside faces of the
plates a1e deflected agrinst the corneis of the web of the tire The
plates used a1e seven-sixteenths mch in thickness each

The thud cucle of bolts clamps the plates to the lugs of the cast-
wron sprder and the fomth circle to the main web of the hub

In wheels of this type the exle loads are transmutted to the tue
through the two seven-sixteenth inch plates The efficiency of the
beaiing suiface, seven-eighths mech total width at the edges of the
plates, 1s augmented mm sustaming the axle lond by the fiictional
resistance set up between the plates and the mterior web of the tire

The cast-iron spider shown m figure No 3 represents the pattein
used m 33-inch wheels, the size which failed in the fauck of baggage
car No 522 In wheels of larger diameter coied spiders of greater
size are used 1 order to provide for the desired distmibution of the
bolts over the flat surfaces of these plates of mecieased width

The completed wheels ale pressed on the axles in the usual manne1
of assembling, a foiced fit bemg made between the hub and the
wheel seat of the axle Such are the constructive detais of wheels
of this type

On the oceasion of the derailment of tram No b5, the tire of the
middle wheel of the forward truck of baggage car No 522, right-
hand side of the tramn, broke at foul places, at each place sepaiating
the twe by 1adial hines of ruptwme Each hne of ruptme passed
thiough a bolt hole of the mmterror web of the tire The smallest
fragment comprised two-twelfths of the cncumference There were
two fragments of intenmediate size of three-twelfths each and one
fragment of foui-twelfths the cmeumference Three of these frag-
ments were 1ecovered after the derailment, the smallest one not having
been found
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An examination of the frectured surfaces showed that each hne
rupture had 1ts o11gin at the mner diameter of the tie, thence passn
thiough the metal 1n an outward direction to the surface of the tre:
and through the flange

The thin seciions of metal between the bolt holes of the inten
web and the mner diameter of the fire wete fractured at each he
hole These incipient fractuies, however, did not extend beyo;
the thin sections, excepting at those places where the full cross se
tion was separated in forming the fown detached fragments
The principel lines of 1upture are shown on figure No 4, mark
a,’”’ ‘', ‘¢, and “‘d,” on which the incipient fractures at the b
holes are also indicated The imtial line of 1upture of the tire
believed to have occuried between fragments 1 and 4, on the In
marked ‘‘a,” followed by that marked ‘‘3,” thereby detaching t'
short fiagment which was not recovered The indications are th
the hne of ruptute next to occur was that maiked “d,” in the d
velopment of which one-half of the tire was detached from the plat
This half, 1n 1ts flight, evidently came mnto collision with some obje
which caused 1t to break apart at the middle of 1ts length, at the Ju
maiked “¢,”” 1n this manner fooming the two fragments numbeit
2 and 3

In the cowse of then flight fragments Nos 2 and 3 crossed ov:
to the left-hand side of the trein, emerged therefrom and came -
rest, one at the foot of an embankment about 850 feet from the plac
where the first evidence of damage to the truck was found, wh
the other fragment came to rest between the eastbound and tl
westbound tracks, 650 feet beyond the first 1ecoveied fragmen
Fragment marked 4 rememed with or m the viemnity of the tramn
fuither distance of 1,267 feet, making a total distance of 2,767 fe.
beyond the place where the first evidence of damage to the tiuc
was found, and 440 feet beyond the place of derallment of the tra:
at the crossover frog  This fregment waa recoveled 1n the vicinit
of the rear coaches of the derailed train, where they came to rest

The relation of the distance of fragment 4 to the crossover fio
leads to the mference that this fragment played an important part u
the derailment when the train encountered the fiog mm question
Although portions of the tire had been detached from the plates of th
wheel for some distance to the reer, still the tramn remamed on the
rails until the crossover frog was reached, beyond which the train wa
deraled and the track destroyed Up to the location of the frog n
injury had been done the track excepting the fracture of one rm
which was located at a considerable distance to the rear

This broken rail was on the side of the track of the broken wheel
located at a distance of 2,177 feet fiom the place of deraillment, anc

i
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150 feet beyond, 1n the direction the tram was travelng, the place
wheire first indications of damage to the truck appeared, the lattex
consisting of journal-box packing and a broken pedestal The 1a1l
was 2 100-pound A S C E section branded 10001 Ilhnois Steel Co
South Wks X 1906,”” heat No 7889 It had a square break 27 mches
from the receiving end and just beyond 1ts seat upon a tie  The hne
of rupture started m the base, thence passing upward thiough the
web and the head There was a longitudinal seam at the center line
of the base 11 1nches long, the presence of which appeaied to have
led to this fractuie

Dhrection wheel rotaled
ptrr———,

Fragment
recovered
farthest
north

Decided flallening
of 1he fread

No 4 —Tire of bull up wheel showlIng location of the four lines of rapture whieh were (ound st time of
derallment separating the tire at bolt holes a b ¢ andd  Inciplent lines of mpture present at each
of the other bolt holes of the recovered [ragments

It 1s of interest to note the conditions which were probably respon-
sible for the fracture of this one1ail It was a case of streaked steel,
seams o1 streaks in the base, which successfully endured the stresses
of ordmary traffic but failed when subjected to an exceptionally
severe stress, m this case mcident to a broken wheel, from which a
portion of the tire had probably just been detached Ewidence of the
sticaked state of the metal in this rail was presented at another place
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along 1ts length where a short strip of the flange was sheared off N
other rail was biroken nor were any bent until the point of deraalmen
was reached, 2,177 feet beyond

The causes which led to the fiacture of the wheel weie looked fo1
the evidence furnished by the recovered fragments and m the cond:
tion of the mate of the fractured wheel The mquuy wes also ex
tended to the exammation of other wheels of this type, some of whicl
had been 1emoved on account of cracked tues and others by reasol
of having been worn down to the mmimum thickness permitted

In the ruptured wheel 1t was found that appreciable wear had
talken place at the beaimg between the rims of the plates and the
wside diameter of the tire, that s, at the juonetion of the mside web
and tread The tne was grooved, 1n some places the groove reached
a depth of three-hundiedths of an inch  This grooving evinced that
a movement had occuired between the fire and the plates dming the
time the wheel was 1n service, and which doubtless had an influence
1h promoting 1upture

The meiplent c1acks at the bolt holes fuimished other evidence of
local movement and bending of the ti1e when the wheel was 1n se1 vice
Some of the bolt holes in the recovered fragments were considerably
distorted, a secondary occurrence, mncidenial to shearmmg the bolis
when the fragments wete detached from the plates

Still another effect was noticed, the bioken pieces of the tue assumed
a radiwus of cur vature shghtly less than that which the mtact diametel
of the tne called foo  This change in cmvature resulted from the
mtroduetion of mternal strams mn the metal m the zone next below
the surface of the tread and was due, 1t 15 believed, to the cold-rol'ing
effect between the wheels and the head of the ra1l Such mteinal
st1ains correspond to stresses of considerable magmitude and are not
neglgible quantities when judging of the endurance of steel under the
conditions of 1alway seivice The piesence of such internal strains
was made manifest by the springing together of the ends of tires
when they were cut apart 1adially, & matter to be 1eferred to mn a
later part of this report

The mate of the ruptured wheel was dismantled and the condition of
1its parts examined, previous to which, howevel, 1t was sounded with
& hammer Under the hammer test the wheel did not appeer to be
loose i any of 1ts parts In dismantling, the nuts of the plate bolts
wele 1emoved and the bolts driven out Those of the mner cirele,
% mch diameter, requued hard driving 1n then removal The -inch
bolts 1n general drove out easily, paiticularly those of the outer
cirele—those which passed through the web of the tue
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The outside plate of this wheel was removed, furmshing access to
the suiface next the tire and the spider, also peimutting inspection
of the seat of the plate i the tire and of the condition of the bolt
holes

Grooving had taken place in the tue where the 11ms of the plates
seated, although not to the same extent as that which was witnessed
in the fragments of the broken wheel Incipient cracks weie found
at each of the 12 bolt holes mn this tire, across the thin sections
between the bolt holes and the mterior diameter of the web None
had extended to the metal on the opposite sides of the holes When
such extension occus an early and complete failure of the twe would
be expected, resulting m a cracked tire, visible at the tread These
meipient cracks, which weie found to be comparatively numerous
m wheels which were dismantled m quest of them, are not visible
until the outer circle of bolts are taken out o1 one of the plates
removed

The thickness of the metal at this place 1s msufficient to afford
substantral aid to the strength of the tne The presence of such meip1-
ent fiactures, however, 1s held to be sigmficant that the wheel m
se1vice carried loads which successively bent and flattened the tire
as 1t 10tated

The 1upture of the metal 18 regarded as evidence of the effect of
1epeated stresses, endured 1n 1egulai seivice, the fiactures pomnting
to the place 1n which strength and rnigidity seem deficient

The lack of 11gadhity and uruty of action was lustrated in the effects
which the use of the wheel produced on the metal of the plates, as
shown by the brightened annular surfaces surrounding the outer
circle of bolt holes, and accompanied by the foimation of peicepti-
ble shouldeis on the faces of the plates wheie the corners of
the web of the tne bore agninst them Figure No 5 1s shaded to
repiesent the places where these movements occurred In some of
the wheels examined, theie was evidence of the movement of the
plates having occurred as far down as the lugs of the spider, but 1n
general the effects were not visible beyond that pait of the plate cov-
ered by the outer two cucles of bolts

Stiucturally, a weak part of the wheel, at least 1n one with a worn
tire, 18 thus shown to be in the vicimty of the 11m, where these move-
ments between the tire and the plates occur The stresses which
attend these alternate movements 1t would appear, eventually lead
to rupture of the metal after the manner of repeated or fatigue tests
A dnect measure of the magnmtude of the stiesses experienced in
service does not adout of determination but the results of such stresses
Im causing ruptuie may be taken as indicative of then magmtude,
and the fiequency of then appleation

93289—15——2
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Wheels of this type, which fei with cracked tires, commonly hav
their lmes of fiacture pass through the bolt holes, wmath their orign
at the mnterior diameter of the tire, extending thence 1n an cutwnr
direction, nevertheless theie are occasionel exceptions to this mai
ner of faillure There are instances i which the meipient places «
rupture are located at the surface of the tread, at the corner of th
rim, or at the flange In such tires the lines of rupture travel mn tt
opposite dnection to those first described, that 1s radwmlly inwar
mstead of outwaid Such fractures owe theu o11ging to other an
distinct causes from those above mentioned

No 5 —Plate of bullt up wheel Evidence of movement between plate and tire found as indicated b
the annulor shaded zones around outer circle of bolt holes, the [ormation of shoulders on the face ¢
plate by lines at the sides of the second eircle of bolt holes
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Chemical analyses and tensile tests were made upon the metal of
the 1uptuied tne, the 1esults of which next follow

Chemacal annlyses

[Remlts furmished by the Chicago, Milwankee & Et Paul Ly Col

Manga- Phos

Carbon nese Silicon | Salphur pharus
0 59 025 0 32 0 026

64 29 032 17:4]

G4 a1 032 ail

[Results furmished by the Railway Steel Spring Co ]

071 064 028 o 030 0 035

Independent check deterrnation, carbon only, on chips taken
from tensile test piece, gave caibon 73

Tensile tests

[Specimens 0 505 inch diameter by 2 imnches long }

Tensile
Elastic
th Flonga Cont of
Description limat per | SFeNE
square Boh pof Stuiare tion area
Tangential specimens Pounds Pounds Per cent Per ¢enl
Qutside part of tread 41 900 103 500 213 25
Center of tread 53 500 104 950 18 7 295
Near flange 40 750 102 500 21 5 35
Crosswise specimen
Center of tread 66 300 104 700 1o 161
[Results furnished by the Hailw ay Steel Sprang Co |
57 570 114 370 150 210

Appearance of the fractures, granular

Figures Nos 6 and 7 show the axle and wheels, one of which had
the finectuied tire All of the fragments of the 1ight-hand wheel
were detached from the plates, as shown in fignne No 6, prior to the
time the train came to 1est The left-hand wheel, shown 1n figure
No 7, which was otherwise intact was found upon examination to
have meipient cracks at each of the bolt holes of the mterior web of
the tire Heavy lhnes have been sketched on the cut to mdicate
more clearly the positions of these lines of 1upture

The total mileage of the wheel which failed under baggage car No
522 was 276,396 miles, up to the end of December last It was run
in the tiucks of diffexrent cars duiing 1ts term of service as the accom-
panying table shows
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Record of wheel wiuch farled under baggage car No 522

Ave
In service Months | Days Under car ‘g;“clgll_‘t Dlri&%aegﬂ? loaa
wh
Pounds Pov
Jan 7to Jan 21 1912 14 | Mail and heg 118 700 g BT
gage, 3510
Jan 23 to Feb 29 1912 1 5 | Baggage, 515 119 000 16 566
Mar 14 to May 13 1912 1 29 | Passenger, 612 135 000 28 245 1
June 14 to Nov 5, 1912 4 21 | Baggnge, 3031 120,160 46 160 1
Nov 18 1012 to May 3 1013 6 15 | Mol and bag | 118,700 | 75,611
gage, 518
May 10 to Dec 2 1913 ] 22 | Mail and bag | 112,500 | 42,220
gaga, 3500
Sept 25 to Dec 31 1914 k] 5 Baggaée 522 129,750 42,720 1
TFotal 276 396

No 6 —Appearanee ol frectured wheel on axle as removed from truck after dernilment  All Iragmu
of tire were detached when fran came to a rest



ACCIDENT AT OAKWOOD, WIS, JANUARY 30, 1915 13

Six-wheel trucks were used under each of the above ca1s

Actual time of wheel 1n service, 23 months, 21 days

The loads under which this wheel was 1un, were of modeiate de-
gree, not reaching the higher loads which are cuirent m certain kinds
of freight-car equupment

There were four lands of wheels under train No 5, 18 of the type
which fractured, as the following table shows

No 7—Wheel on opposite end of axle mate to fractured wheel Outslde plate removed showlng cast
won hub or spider steel tire end mside plate There were Inclpient cracks at each bolt hole of the
tire agindlcated 1 the cut
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Weght of cars and kands of wheels used in travn No 5 at lume of derarlment

Number of wheels
Average
Car Number | WEERE | “iphee Size ?[
ofesr | Joaq | Wheels | oo | Stand | po.. | Chille
ard B ron
Pounds | Pounds | Inches
Mail S8 118 760 9 890 33 4 4 4
Mail and express 352 95 500 7 958 33
Baggage 522 | 120 750 | 10 BID 33 [ 1 2
Coach 667 | 131 980 11 000 33 ] 4
Do 608 | 135 D 11 250 33 6 2 4
Do 604 | 135 000 11 250 33 L] 4 2
Diner r 130 500 10 875 38 4 2 6
Partor Mineols, 140 000 11 667 36 12
Total 46 20 13

The number of incipient cracks which were disclosed at the bo
holes of the tires of the two wheels fiom baggage car No 522 led
a Turther examination of wheels of this type taken from other souic
Some of the additional wheels examined, as previously remarked, h.
tues which cracked 1n service and had been 1emoved for that caus
while others had been removed on account of having been worn
the mmimum thickness permtted

The fires of 20 wheels weie exammed Of this number 9 tu.
had mneipient cracks at 56 of their bolt holes In addition to the-
meipient, cracks there weie 13 lines of ruptuie which completel
separated the metal of 5 tires, and 6 mcipient cracks i the sho
fragments of the tenth tire In all, the total number of incipie:
and complete fractures at bolt holes m 10 tires was 75 In tl
other 10 tunes of the 20 examned, no fiactures at the bolt holes we
found

In the table followmg are given the results of this examnatiol
mncluding 1n the tabulation the two wheels of baggage car No 522
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STEEL-TIRED BUILT-UP WHEELS

Inciprent cracks wn webs of tures, between bolt holes and interior dameler of ture, found 1n
worn wheels when dismantled for ezamynaton

Number
Car alﬁrﬁg;fr Marks on bires of 1;:{:;[)1 Remarks
cracks
Tnches
Bsg%age No 522 33 1 Z215717 Latrobe 7 | On fragments of broken tice
o 33 | 998002-4 Latrobe 12| On mate of wheel with
broken tire
Axle removed [rom 33 | 953983 Latrobe - 9
truck ‘Wheels Irom
Do 33 | A8965-2 Latrobe 0 | Comby tread | same axle
Do 93 | 998817-5 Latrobe 6 | Tire cracked in service ncross
bolt hole
Do 33 | 998852-3 Latrobe 2
Sleeper Beaver Dam 38 1 Do
0 38 6
Sleeper detached wheel 36 | A45382—¢ Latrobe 7 Do
?)o 36 6
Total 56

The mneipient cracks which were found 1n the tites of wheels on an
gxle from sleeping car Beaver Dam are shown by figures Nos 8 and 9
These wele 38-inch wheels, one of which developed a crack m service
separating the tire at a bolt hole as shown by figme No 8 In this
tire there was an additional fracture, an mncipient ciack at the fourth
bolt hole from the line of 1upture which separated the tire

In the mate to this wheel there weie six mcipient eracks at bolt
holes, the positions of which a1e shown on figure No 9 These two
cuts 1epresent the wheels with their outside plates removed, crosses
sketched theieon imndicatmg the pesitions of the fractures Cored
spiders are used on wheels of this diameter, as shown m these cuts

The featuie to which attention was next directed, was the state of
mternal strain which had been mtroduced mnto the metal below the
treads of the tires by 1eason of the cold 10lling action of the wheels
upon the 1a1ls, alluded to in the remarks conceining the reduction in
the 1adius of curvature of the fragments from the wheel of baggage
ca1 522 and the springing of the tnes when cut apart radially

This cold 10lhng sets up straimns both n the head of the rail and 1n
the tread of the tire, parts which react upon and mfluence each other
The zones of metal immediately affected are next the surfaces of the
treads of the fires and the running surfaces of the heads of the rails
Inteinal strains of compiession are mtroduced at these places, which
remain as permanent effects in the steel, unless the metal 1s subse-
quently anneealed, by which treatment such strains may be removed
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The presence of and the kind of mntetnal strains, whether of tensio
or complession, 18 made known by affording the metal an opportunit
to assume a state of repose When 1eheved from 1estramnt, th
direction of the resithent movement of the steel indicates the kind o
strmn which was i the metal, the magnitude of which 1s proportiona
to the amount the metal recovers m 1ts length

Internal strains of compiession, immediately below the surface c
the tread, tend to cause the tire to assume a larger diameter whe
the wheel 1s intact In the case of a detached tire the effect of suc
strains 13 to cause the ends to spring toward each other when the tn

No B —i3%&mnch built-up wheel from sleeper Beaver Dem A Removed [rom service on account of

cracked tire  One additlonal crack at bolt hole shown when wheel was dismantled Complete linc
of Tuplure of tire and mnciplent eracks indlcatad by erosses sketched on the cut
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18 cut apart radially That 18, a chord measurement on a tire de-
creases m length when a radial cut bisects 1t

The ends of these tires, as will appear, sprung together when cut
radially, mdicating the 1elense of internal stiamns of compiession m
the metal next below the treads

Eight tires were slotted aparf 1adially, and the relef to the metal
thus afforded, was noted Included ;n this exammation was a tire
of o fused cast wwron center coach wheel, that 13, a steel-tned wheel
which had a g1ay 1ron center cast or fused 1n place  The fused wheel
had had a laige part of 1ts rim broken off in se1vice

No 9—38 inch builé-up wheel from sleeper Beaver Dam B Mate of wheel A 8Ix inciment cracks
at bolt holes revealed when outside plate was removed and web of bire exammed  Positlon of cracks
mdicated by crosses sketched on the cut
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The 1esults obtained with these tires are shown on the table whiel
follows

Table showing the amounts the ends of sieel baes sprung fogether when radwal cuts wer

made
Diame Amotint
Car ter of Marks on Lires ends Remarks
whael Sprung
together
Inch Inch
DBaggage 522 33 | 999002-4 Latrobe H | Mate of wheel that fracbured at time
derailment of train No 5
Sleeper Deaver 38 | 1955-3 Latrobe 1% | This tire eracked 1n seriice across a bo
Dam hole It was slotted at the crack
Do 38 | 9085010-4 Latrobe 43 | Mateolwheelnextabove Tirewnsintac
excepbing § mciplent cracks at bolb Tl
Detached whesl 33 | Z 170938 & | f-inch on o side was turned off the tre
and flango of this tire hefore Lb was o
apart
Ta 33 | 953983 Latrohe 1] Tlrg, wng annealed heated to a brig
yellow and cooled over mght 1 Ioroac
then cut apart
Sleeper Vinara 36 42 | The mnterior web of the tire was turned
before cutting apart radially
Detached wheel 36 | A 26765-b Latroba } | Tlre cracked 1n service Line of rupti
1} 1nches from bolt hole  Incipient po
ol rapture, outside corner of tread
Sleeper Shasia 38 | Cast won center 1 | Ateel tired gray iron fused center
brangid . ‘S Rall
way Steel Spring
Co, Feb 12
1907

As shown m the table, the ends of the tires when cuf apart 1adiall
sprung together amounts noimally appeaing to range from eleve:
sixteenths to fifteen sixteenths inch

These results 1epresent the state of mmtial strain existing 1o ti
tares of wheels which have been m service They are strains whic
me mtioduced chiefly by service conditions, and 1t 13 immaterial,
far as dislodging them goes, whethe1 the tue 1s cracked m seirvice
not, the stramns remam The second tire m the tebulation fail
m service developing the crack which 18 shown 1n 1llustration No
but notwithstandimg which, the ends sprung together fiftee:
sixteenths inch when removed from the plates and slotted acioss on t
line of rupture TIts mate, which had 1ts 11m ntact, closed m tl
same nmount, when cut apart radially The remidual effect of co
rolling was the same 1n each tire

The direct effect of cold rollng 1s confined to a zone of metal ne
the tread Turming off the metal of the tread removes some of tl
metal which 13 mm a state of 1mtial compression, and lessens tl
distance which the ends spring together when a 1adial cut 1s mad
The fourth tire was turned off at the tread and flange three-sixteent!
mch on a side This sprung together seven-sixteenths mch wh
cut radially Annealing the steel eliminates imtial stramns and
will be noted 1n the case of the fifth tire that no closmg m occurr:
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when cut apart, all measurable 1nitial stramns having been removed
by the process of annealing

Tigme No 10 shows a tire which had been cut apart1adially Two
cuts mm the slotter were made on this tire, each cut being 1 inch
wide After the fiist cut was made the ends sprung together, leav-
mg an opening one-sixteenth inch wide A second cut, 1 mch wide,
was made which left the ends 14 inches apart as shown in the
lustiation

No 10 —Tire ol built up wheel cut agact radially Ends elosed i % mmch Two inches width of
metol was slotted out lesving the opeming between the ends 14y inches a, shown in this lllustration

The first five tires of the table belong to one group of wheels The
sixth tire was the mate of a wheel which bioke m service The latter
sepaiated mto six mam fragments and five smaller ones, comprising
paits of the tread and flange The internor web of the sixth tne was
turned off before slotting The removal of this metal did not mate-
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rially affect the amount of sprnging of the ends when slotted ap:
which elosed 1n fifteen-sixteenths mech, an amount which seems ab
normal m these tnes

The seventh tire was from a detached wheel, which had been
moved from service on account of a crack sepainting 1t The fi
twie of this tire differed from the others which were ncluded n
present examination, m 1espect to 1ts passing thiough the full a1
section between bolt holes Fuitheimoe, 1n 1ts development
traveled 1n an opposite direction, starting from the outside or ir
of the tire and extending acioss and radially inward

No 11 —Cross seation of fare of bullt up whesl which fractured ncross [ull section of metal 13 mehes i
n bolt hole  The lime of rupture started st the corner of the outside face of the tre indicated by
skeleched on the 1llustration

The mncipient pont of rupture was at the corner of the tread,
the outside face of the tire It was slotted along the hne of ruptus
whereupon the ends closed 1n one-half inch  The appearance of t
fiactured surface of this tue 1s shown m figure No 11, on which
sta1 has been sketched to indicate the place wheie the line of ruptu
had 1ts ongin  This fracture had 1ts origin at that part of the 1
which 1s not exposed to cold 10lling on the rail head, and only reachc
by the brake shoe The metel appeared sound n that vieimty, b
harder than at other parts of the tire This illustrates a fractu
occuriing where mcreased hardness and brittleness of the steel h:
probably been mduced by the action of the brake shoe, the severr
of such action not having reached, however, a stage in which tl
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development of thermal cracks had formed KEwidence of heating
of the tue 1if such had occurred was not present It 1s of interest to
determine the charactenstics of these early changes in properties
which culminate in rupture and make observations which will lead to
their recognition, that danger zones may be made known
Alternate heating and cooling thiough biake action induces loss
of ntegnity by the development of thermal cacks Examples of
the kind furmshed by the rupture of this tire lead to the queiry
whether limiting stresses may not be received and rupture approached

No 12 —Cross sectlon of tire of bullt up wheel showmg the derkened surface of an incipient erack 1n
the thin section of metal at slde of bolt hole of the web Llne of rupture extended outward radially
from the bolt hole

under service conditions unattended by outward, visible manifesta-
tions The failme of this tire, excepting the local hardenmg of the
metal, which was not extreme, bears a close resemblance to fatigue
fractures, those 1esulting from repeated alternate stresses in which
the approach to rupture 1s not heralded by outward signs  Wheels
are, preemnently, good examples of material subjected to repeated
stiesses The mileage of this paiticular wheel 1s not known, but that
of baggage ca1 No 522 fuimshes a convement illustiation The
mileage of the latter, ending with December last, was 276,396
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miles This calls for 170,000,000 10tations, m round numbers, at
each rotation of which alternate stresses were received Biake-
shoe action, which had not, however reached the stage in which
the metal of the-ttre-was actually ruptuied, combined with 1epeated
stresses were probably potential influences 1n the fracture of this tire

Figure No 1218 1mtroduced to show a line of rupture which traveled
i the opposite duection from that 1llustrated in cut No 11 This
line of 1upture traveled radially outward from the bolt hole to the
surface of the tread and through the flange It represents also a
section of tne i which an ineipient erack had formed, shown by the
darkened metal between the bolt hole and the mner diameter of the
web

The eighth tire 1n the tabulation of results on those which were
cut apart radially was taken from a steel-fired wheel which had a
gray 1ron fused center Two pieces of the tread, each about 2 feet
long, had been spht off in service The steel tne was removed from
the gray non center by a circular cut m a bormg mill after which 1t
was cut apart radially, midway the side fiom which the two frag-
ments were detached When the radial cut was made the ends
closed 1o a distance of thiee-fourths mnch

The springing of these tires, when cut apait, corresponds to the
movement obseived 1n steel rails when the heads of those which
have been 1n service are detached fiom the webs The heads of such
1a1ls assume a curved shape, convex on the runnming surface, while
these tires behave 1n a similar manner, mncleasing their convexity
when allowed to do so The mtroduction of internal stramns, m
conjunction with the effects of repeated stresses, 1n the manner 1n
which each are 1eceived 1n serviee are factors which affect the integ-
rity of materials of this kind

The exemnation of the steel-tired, fused cast-iron wheel was car-
11ed along jomntly with those of the type which failed under baggage
car 522 The fused wheel did not cause a deratlment It was on the
middle axle of a 6-wheel truck  One fragment of the 11m was found 26
mules, and the other fragment 35 mules to the rear of the place where
the inju1y to the wheel was discovered The axle had become con-
siderably spiung at the time the tramm was stopped When this
examination was made the axle, placed on dead centers, ran out at
the mmddle of its length 1% mmches The jounals and wheels weie
correspondingly out of true, the maximum and mimmum diistance
between the 1nside faces of the wheels now being 53% and 525 inches,
respectively, a difference of 13 inches The two detached fiag-
ments covered nearly one-half the circumference of the tread, not-
withstandmg the loss of which and the bent condition which the axle
eventuelly reached, the truck was not deralled The tiain was
brought to a stop without injury
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The fractured surface of the tue showed seamy metal, and n
appeal ance resembled the surfaces witnessed 1 certain rais having
gpht heads Figure No 13 shows a part of one of the seams 1n this
tire, along the ine of which one of the fragments was detached
The metal at the immediate surface of the tread was flaky, and at a
stage prior to actual failure the wheel probably showed an ncieased
width of tread The fractures of the tire are attributed to the
presence of the seams, one of which was 8 mches long, which were
revealed on the surfaces which were brought into view Lateral
flow of the metal at the tread caused, 1t 15 believed, the enlargement
of the seams which resulted in the detachment of the two fragments

No 13 —Steel tired fused cast-iron wheel Fractured et a seam 8 mehes long located 4 mch below the
aurface of the fread Burfsce metal at tread exhlbited a lammated appearance with evidence of
lateral flow

The metal in other parts of the tire was found to be seamy Ten-
sion tests showed the metal to possess only imited elongation in a
tangential direction, while taken crosswise the tread the metal 1n one
test fractured at a seam without appleciable elongation A sup-
plementary crosswise test piece showed an elongation of 0 8 per cent
The 1esults of the chemical analysis and tension tests next follow

Metal of steel tire of wheel with fused cast wron center

CHEMICAL ANALYSIS

Carbon 0 69
Manganese 58
Silicon 32
Bulphur 1331

Phosphorus ®
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TENSILE TESTS

it | strongin Contrae |4
1ml strong! nirac |Appearance
Directwon tested D E?JB' Se::gnal per per Eé}’;ifa tion of
square square of area Iracture
1nch Inch
Pounds | Pounds | Per cent | Per cent
Tangential 0 505 020 52 150 96 800 23 3 5 | Granular
Supplementary crosswise
specimen 356 10 97 740 8 Do

The display of a hmited amount of extension o1 1ts entue absence 1n
tensile test piece does not necessarly signify that the steel 15 devoad
of the ability to flow under wheel presswies There 1s o distinction to
be made between the elongation which steel 1s capable of developing
when extended by 1ts own tensie strength and 1ts malleabihity or the
elongation which 1t may displey under cold 10llmg pressures or by
swaging When deformed by an independent force sieel admits of
greater extension than witnessed in the tensile test The finctwmed
ends of the tangential test prece, which developed 2 3 per cent elonga-

ORIGINAL LENGTH -

ELONGATION BY SWAG/NG

No 14 —Fractured ends of tangential test plece Thisspecimen dlsplayed 2 3 per cent extension In the tenslon
test Fractured ends subsequently cold swaged nn additional extension of 16 per cent the metal still
remalning intact tangentizlly




ACCIDENT AT OAKWQOD, WIS, JANTARY 30, 1915 25

tion, were swaged cold, and each given 16 per cent additional stretch
The swagimg was discontinued when nteilo1 shearing fractures were
developed, the metal still 1emaiming ntect as regmids longrtudinal
extension

Figure No 14 shows the fractuied ends of the tangenfial test piece
after swaging Lines aie sketched acioss the stems indicating the
amount of extension which was displayed in the tension fest and the
additional extension which was subsequently given the steel by the
operation of swaging, 1eptesenting 1ts malleabihty

Across the hne of a stieak o1 seam the malleabihity of the steel 1s
mmpaned, whence 1t follows that spht treads of steel tires necessanly
1esult when 1 the lateral deformation of the metal interlor defects of
this kund a1e encountered  Spht heads in rails aie formed 1 a sumilam
manner The ehnunation of streaked or seamy metal 13 a matter of
the highest impoitance to attain 1 steel that 1s used m situations mn
which theie 1s exposuie to overstiamns noimal to the duzection of the
seams

Refernng to the fiactuie of the bult-up wheel which led to the
deraalment of tioin Ne 5, and in summation of the results of thus
nquiry, 1t appears—

That this wheel and others of this type do not show umty of action
m the component parts under se1vice conditions as manifested 1 the
evidence of movement between the tires and the plates, which in some
cases pertained also to the relations between the plates and the spideis
of the hubs

That incipient cracks a1e developed in the tnes separating the metal
between the bolt holes and the interior diameter of the web

That complete fractures of tires very frequently extend across the
bolt holes, having then ongins at the mnner diameter of the webs or at
the sides of the bolt holes, thence extendmmg 1ad1ally outwaid through
the ticad and {lange

That service condifions mnduce the formation of meipient cracks on
one side of the bolt holes, and lead to their extension on the opposite
side of the bolt holes, culminating 1n the complete fractwie of the
tire

That the piesence of mcipient cracks does not admit of detection,
without pmtially dismanthng the wheel and giving access to the
mterior web of the tne o1 to the sides of the bolt holes

That looseness of the tires under the wheel loads takes place, but
does not adms of detection by hammer test or by exteinal mspection
of the wheels 1n the tiuck

That inteinal stiamms ale mtroduced m the metal of the tunes by
reason of the cold-olling effect of the wheels on the rails, and that the
combined stiains from wheel loads and mternal stiams 1equne to be
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considered m judgmg of the ultimate effects of repeated loads in pro-

moting 1upture
SUMMARY

The results of the investigation of this accident and the study
of other wheels similar in type and constiuction to the wheel that
failed 1n this instance, as set forth in Mi Howaid’s repoit, call into
question the stiength and durability of wheels of this type for modern
rallroad service

In this instance a tire hioke 1n a wheel which had not been subject
to loads as high as are frequently experienced 1n certain other branches
of rallway service The loads cariied by this wheel i fact are re-
gatded as modeiate loads for general equipment, since they ranged
from 9,375 pounds to 11,250 pounds The imvestigation revealed
the presence of incipient ciacks m a considerable number of wheels
of this type Out of 20 wheels examined, one-half weie found to
have mcipient cracks 1n the interior web of the fire, 56 mecipient
cracks and 19 fully developed fractures were discovered It 1s true
that these wheels had been removed from setvice for cause, but the
presence of these meipient cracks was not among the causes which
led to then removal

That wheels run fo1 a length of time with meipient cracks in the
tires 1s probable, and, obviously; cracks that have started n one part
of a tue ale hable to extend and cause the complete falure of the
wheel Those wheels which weie removed from service, containing
the 75 fractures, undoubtedly had such cracks in them for a time
prior to their removal

A sufficient number of wheels were 1ncluded 1n this investigation
to establish the general development of incipient cracks in this type
of wheel, although the period of their formation 1s unknown

The stresses to which the wheels are exposed do not admut of direct
measurement, since the parts which are failling are imaccessible, but
the development of incipient cracks mn the thin secfions between the
bolt holes and the interlor diameter of the web 1s taken to be evi-
dence that disiupfive strains aie there found The mtroduction of
mternal stramns of magnitude 1 the metal of the fires immediately
below the surface of the treads was found to be a common result of
service conditions  All tnes examined were so affected The same
results appear 1n this mvestigafion m 1espect to the influence of cold
rolling 1n the case of tires, as have been found in the case of 1als
These two parts react upon each other and whatever has an mfluence
upon one must affect the other Conditions which attend the fatlure
of 1ails have their counterpart in the case of tites

In the bight of this examnation the details and design of this type
of wheel seem madequate for the wheel loads which are commonly
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used 1n passenger service The wear at the edges of the plates, the
grooving of the tunes at the plate seats, and the wear and shoulders
formed on the inner faces of the plates all go to show a state of msuffi-
clent strength to meet present requirements

There 15 but httle strength m the thin sections m which the
meipient cracks made then appeaiance, and 1t was noted that the
drilhing of the holes was made 1n such a manne: that the sections
were not of umfoim thickness, further, that the thinner sections
in the majonty of cases were those in which meipient fractures weie
discovered A state of unceitamnty nevertheless exists which 1s
biought out in this investigation and further data aie 1equired to
remove the doubts which have arisen m respect to the present con-
dition of wheels of this kind which are now doing service

In the derailed train theie weie 18 wheels of the type which fiac-
tured In the o1dineiy couise of mantenance, wheels are removed,
sent to the shop to be trued up, and are 1eturned to service under
different cars than those from which origmally taken It therefore
follows that a mixed lot of wheels may be found under a given cax
In the present mstance theie weie four makes of wheels in the same
tramn and three kinds in the trucks of the car which had the broken
wheel

If the wheels of this type are in a state of uncertamty as to strength,
as mferied to be the case according to this investigation, then their
disttibution under different cars complicates the matter, for ther
presence may occur under any equipment and m any tramn, and
mcidentally they may be placed under high-speed trains quite as likely
as under those of other classes

Under the most diligent inspection and thorough tests that can be
made with the wheel in the tiuck, those with meipient cracks might
appem sound The critical places in the construction of wheels of
this type a1e obscured from view, and can be made visible and acces-
sible only by the partial or complete dismanthng of the wheel In-
spection, however critical 1t may be, will not reveal meipient cracks
which are hid by bolts and plates This feature of the case 1s a seri-
ous one, smce there appears no way in which the condition of wheels
when 1n service can be determuned and those having ineipient cracks
m the tires discoveied

It 1s clearly established that the usual mspection of wheels of this
type 1n service 18 not adequate to discover these incipient cracks and
that no inspection which can be made of the wheel in the truck can
detect the presence of a defect such as led to the failure of the wheel
m this mstance It 13 understood that wheels of this type are not
bemg used so extensively as formerly, although & very considerable
number of them ale 1n service at the present time To determine
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defimtely whether o1 not wheels of this type now 1 use aiein proper
condition for service, the ordina1y wheel inspection should be supple-
mented by inspection of the metal at the balt holes as one of the
methods of ascextaming the probability of approachmg 1uptme

Respectfully submitted
H W BeLyap,

(haef, Dnaston of Safety
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