INTERSTATE COMMERCE C'OMMIRSION

REFORT 0F THE CHIEY 0T THE BUREAVU OF SAFETY COVERING
THX INVESITGATION CFf AN ACCIDERT WHICH OCCURRED CN
TIIE NEW YORK CFATRAL RAILROAD NEAR WATERLDO IND,
MARCH 21, 1917

Decryuar 23 1713

To the C ommession

I March 21 1917 dheoc was > daaencnt ol frorelil ©oun Y~
ot the New Yoik Contial Rathiced mear Waterloo ind  which
obetiveted the adjacout track and car-ed the deral ot of pas enaer
traw No 19, wlieh collided with the wiedkage a few seconds Tier
tesultimg 1 the death ol 1 emplovee and the mnjurs ot 17 pazengers
and 2 emplevees  Adier miestigetion the Chiel of fae sswew of
matety subnut- the iollowine report

The Miclogan Diri-ton ol the New Yok Centind Tlailroad upom
which this acerde it oconrred, as a double-tiack line o er which toe
are opet ited by autoratie bloek sienals  In the vrenuty of the pome
of aceident the ea~tbound tiack conesi=ls of 103-pound stiel 1ails
jomned by 0-hole wngle bars, while the wesibouna track consits of

100 e ateel 1 tls joined by 4-hole angle hars Theie are obout

20 t1e< vnder cacli 1l laid om 12 mches ol erushed 100k and grasel
Iua-thound frueht train NY-1 consisted ol locomotive 5614 €2

loaded car~ and a caboose m chaige ol Conductor Leevas anu

Engieman McMeans Tt ledt Elkhait Ind, at 8§33 1 1a, en route

to An Line Junction Ohio, 130 mles distant passea Waterloo, 51

miles east of Klkhait, at 1146 o m, md was derailed 1t 2 pomrt

about 2 nules east of Watelloo

We-thoimd ras-enget tram No 19 consisted of Tocoiwotive 1591, 1
buffet ca1 7 <leeping caig, 1 dining cai, and 1 observation car all of
steel constiuction, and was mm charge ot Conductor Sackett ind

Engineman Moulton It left Toledo at 938 a m, pas-ed kdgertan,

Oh1o, 120 mile~ east of the pomnt of accident, at 11 38, and at 1T 30

a m collided with a derailed car of tiamn NY—4 wlule running at a

speed of about 30 miles an hour
Thitteen freight cals weie wiecked, s1x of which were destioved

Locomotne 4861 was derarled and lay on 1ts stde paiallel with the

westbound t1ack, with the tender torn loose and lying at right angles

with the engine The buaffet car and four following sleeping cars

weile deraled to the north of the tiack but 1emained upright These

cais wele considerably damaged  The fueman ot tiain 19 was lalled
9452 19
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and the engineman setiou-ls e I The weather at the 11w was
elear

The accident occinied on st uehi and level track The firec
marhs ol derailment weie about 2 700 leet west of pont of acead.nt
and abovt 2 380 feet west of that point 1 seoment of 1 oar wheel was
fouud, 1t heirg ahout iwo-ldils of the cntue wheot The tvn of the
rul v as aeeply mdented by th 0 olving broken v o 1 “ar wevecal
1000 Joacths, and s1x ~midler v ol the wheel weie booken before
the 1emamime portion of the w wel 1olled cut frem tndor Toc ttarm
This p ntron ol the wheel 1ollcd Jov s the el nkment thout W Leet
avay from e tracdk ard about 1750 feet from ponit v v i
19 cothded with wieckage  Vicas of the scepe or the acadent v

shown Iy figiies Nos 1+o 11« lusive

Corditor Reeves ot 0 0 %Y L ~tated thel bos tonn was in-
P oacd bero e levarg B Lo thet be buakes aplied ad 1 Teveedd
propady, thot trere o boon ro hot boves i no drovble of ans
ko withthe vwn (bt bev daeenvad <200 0 0 0w
at Corurmay end the e e~ ve eman L W oo Lo e re
. when pe-n g the ¢ oo sves vle'n T 1 1
site ar cenirered by o= e had Do noy oo Gnong a0
e -aud vad toe Lacg sntn v gn e hud ol winvelnpg wione was vwhoa
the tram enme 1o 1 ~nealon stop, and udemg fiom the mdicetioas

ol the gaure, hie theught vy air hese hul buast ITe took waterials
1o repit g tog hose v d oot off the tam then 1ealizime tht there
Lad heen a wieck he phoved the di=piteher  ITe Duth o ~f 2 that

just alter leasing the phoae he Jooked bis trun over 0 P o
neuly hall of a broken v h ol between the trachs abiont S0 car Toe s

beluned the wieddied cars  Lle felt of the whedd | ford it v as cold
Tnememan McMen- ol t1 an NY—4 ~tated thae whon abowt a mile
and a Lali east of Waterlon e looked back and noticed sonethiog like
a trucke frame bumporg aleug the ties and a ca1 swervirg ooy anild
up and down  Ilc nwwnediatels applied the boakes 1 cmoraone
Juel about this tinie e <o No 19 cornne The Jors v b vhonaan
of Tus tram leaned out on the left side with 1 flag and lempted to
stop the approaching tuun and at the -wne tune he waved his cap
and pulled the wiln-tle cord 1 an endearol to atlract attention  He
was told that when the two engines were a1y loge together 4 cat
m N Y1 jurped to the north actoss the westbonnd track municdi el
jn tront ot Ne 19 - engine An nstant later the engine c1ashed o
it He stated thal his tiam had had the cu-toniunsy m-poction and
that there had been no trouble with it up to the tiue the car began
swerving, that Ins biakes were i good concdition and took hold
properly when he applied them m emergeucy , and that hus train had
slaw ed down to abont 6 o1 8 miles an hour when the collision oecutied
TBraleman Matthew- on N Y-t stated that Ius train had been m-
spected at FElkhatt, was m good condition all b hes worling and



11 I —Lu.ame o tellol ol passalper dzam view lool m1, 0l

b g e Mw@;w—,wwpw
_ I

I 2—Underside ol enone of Jadssinaer lvun Lol cer of fo it e roinea vor e ™o
L1507, over on weslhound el




It

~—Llrel err o ror gt drum

T

S el SRS S |
0

i1

1 —laith eiwr of heeh

trun

rofrioer. or ewt Ao

No 20223 s ven hoon ofrun 1l

101~
ol

m
1

1

.
1

L Teg o 1d

Stnck car



ACCIDENT NEAR WATLTT 00, IND 3

thal no itoukle had been expertenced vith it He -aid 1hat the fitst
minatien he liad of any tiouble 1n the (1am was while hie was up on
the taidk watchinge the 1ear end for a signal when he ~aw the stones
and dut fly and a cai beem o nmp Jle stated thal just s the en-
ones of the tvwo twanr s> woe abont even oe looked back and saw a
stock car shoot ac1ocs the westbornd 11wk
Bal covan Robin on on NY-1 stawnd tht bs was 1wz on the {op
of 1 car Lot 20 ¢ from thie engme  that I~ Inoked over the side
and ~av a T w stines and won o qnst flyne that st as hie looked he
sat 1 cas start up m the an md the nex’ car go to the south A
m tani Tate No %5 o emme crashed 100 1he car~  Aller the acor-
cleste i e part of o biokhen wheel Tvne vnder the trary and 90 d
that 1t wes not hot
Conductor Swvetl on Noo 19 otared thid Tis train was inspected
o Toledo and «lic b 5 Tralees vere 11 2001 condirion that he was
anle m the tear end of Jhe second o 1o the engme and lus t10n
Ya rtaaoagappeoxately 50 nuyles an hour when he felt the biralkes
aprled m emereeney, that this was the firsl knowledge he had that
any thing was wiong and thar an mstant Iiter the ews ledt the track
asel nort et ato y field
Dialeenin VanbIhui g on Mo 19 stated that the brakes on his (aim
appeated 1o Le n 2ood eoulitzon and there had been no tiouble of
W et un Lo the tm e ol the acadent, {hat the fiest e knew of any-
{huue belap wiine was wiher e felt 1he emergency pplication of
(o [ ok~ thot al thal time he »n = rdrig w the hegeage compatt-
went he heacd the aosang whistle e did not notice No 19 give
an alarnt indieatron 1ad heard no otlher while
Engmeman Moulton on No 1% <lated that qust befeie he saw the
{reight train hos trim was 1vnmng obenl 35 o1 60 wiles an hour,
that he <aw NY— wlen 1t was between a half-mile and a male die-
tant 1liat 15 they diew near he saw a 1cd flig on the frereht engine
whiell a mm swing oul of the window , that qust as he saw the flag
s frewan called to hun That 1 soon as he saw the 1ed flag he
applhied Iiis brake- m emergenc v, Lut {hev had bately time to fake
hold whoen some cars toppled over f1om the fieght f1am m fromt
of No 19, and the <olliston oc-mrted  HHe saxd he hud no time to
<t el ar pull the 1ever-e lever
At the tmwe of the acerdent none of the emplosees had been on
duty m encess of the statutory pertod and all had had the requared
test penod before arang on duts
Tavestigatien definvielt developed the fact that a brolken wheel was
tle cauge of the acoident  The mvestization of the broken wheel
il at- mete was condvcted Iy Ve James B IToward engineet-
phyv-1r <t whi~e teprai lollov -~ Acknowledement 12 made of the ¢o-
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operation of D1 T' H Dadley and others of the New Youk Centinl
Rahoad and My Chiws Cobb 31 ~ccretary-treasmier of the Mar-
shall Car Wheel & Foundiy Co  Iin wd extended m acquirine data
upon these wheel-

RTPOLL O1 LHT TNCINITI-PILYSICISI

The bioken wheel whreh can-id the accrdent to tramns NY—4
anl No 192 on the New York Cent: il Railioad, near Waterloo Ind,
Mareh 25, 1917, was a 33-mch clalled-non wheel weighing 625
pounds Tt wag cast by the Mar-odl Car Wheel & Foundiv (o,
Marshall Tex  wd bote the foundiy muuber 94051 Tes e -l

by the same company, was numbored 1050 The record- <how Lt
the~e wheels were pressed on ther avle at the ~hop- of the Tort

Worth & Demver Ciiy Radway Chilive s Tex Decanba 20, 1916,
Wil a pressiie of 30 tons cach  Ihey wete plwed under Swift
tefizgerator Lome car No 10274 uw Claldies~ Januay 11, 1917,
1rom wluch 3t appears that they bod been m ~crv oo tur a peoiod ol
only 2} months when the fractiae ol one of the 1 teok plac

Cus R L No 10274 we- the fu-t car o o NY L vl at
was 1he belie! ol 1he otliciil- of the New Yook Coutid T oo~ who
werte ¢ ulv at the scene ot the acadent the the hroken wheol woas
on one ol the andes of 1l 1ou trwek of the car, while 1t was un-
dor btedly on the outlh evd ol the axle

Dhagiam ol the wach heme No 3 -~hows 1lie 1elatine positions
which the t1ygments occupnod atter the accrdent  The (st madles
sonnd were on the songh 1 ul 2500 feet we-l ot the pomt ol de-
radment  Tmnmediately bovend these matks a <ol v wnen of
the flonge was found  Next m order a large divmnent comprismyg
about two-filths of the who 1 was tound between the xails about 120
feet cast of the fir~t maik-

Nest beyond this poune <1y Iragiments of the 1, plates wd hivb
vere <cattercd along the v wde Frodly) o o distance of 170 leet
we t of the pomnt of derulment the balwce of the whoel was de-
rached fiom the axle wnd came 1o 1est 30 feel from the track on the
south side  The track wa- exavuned for a distance of 2 nules west
ol the scene ol the accident buc no 1uither evidence was {lound at-
tachung to it Parts of the flange wele not recovered

The 1elative positions occupled by the fragments turnich evdence
upon the manner ot failure and the sequence 1 which the Irmes ot
mptiie were developed Fiagmentation seemed to hiive bogun at
the 11m, the earhiest 1ecosered fiagment bemng o ~nnill picce of the
flange A laige fragment was next detachied 1epire-enting about
{wo-fifths of the body ot the wheel The balance of ithe wheel re-
mamed on the axle for o shoit time thererfler since at this staon
mate than one-half of the hub covering the wheel seat wis un-
Tyralen
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A cector 1epresenting one-twelich of the body of the wheel was
broken mto small hagments Lhe proces of which wele next scattered
along the fiack More of the hub was then Lreken releasing the
balance of 1the wheel f1om the axle  This fragment, the largest of
the wheel, came to 105t on (he ool side of the track 50 feel away
and 1730 feet west of the pount ol derarlment a- abose stated

In the exammation of the olen wheel and 1= nite conducted
for the puipose of ascerivnme o pos-ible the cuee of 1upte,
efforts were direcied toward the vdontification of the minl po nt of
fracture  The directions m wlhioh Tines of ruptuie traverse ¢t 1o
by means of which daty the ool pownt 15 shown are not a- dch-

nrtelt mdicated on the fractiral ~uilaces of mon a= on those of steel
In the present case such evulonee Jor the most part was ye1v ob-cuie

However ome ol the 1adial Live< ol 1upture thal wlich pas-ed be-
tween the letters “S” and * 11 ol the word  Mar-hall? shown on
figinie No 6 had 1its on1gm 1t - beleved at e 1o md tuarersed
the plate fiom the 1um tow v the hub Thas hiwe o tapt e poe=ed
acro~s the coie lee openrne of the mua plie anl o the opnio-te
gide of the hub o passed theagh the meral @ oa chpld

These cricum-tances e m nwred wce the hine of raprare wloch
detached the fiist lavge 1 wenent of the wheel took a couwrse which
lias been desciibed a~ v conmmon one m the ease of barst hubs Much
1chanee however, 15 placed 1 pon the indications wlich weie present
on the hiactured sortace~ Teading to the behef that the firet e ol
rupture started at a pomt Lovond the core lew opomma avd nat at
1its ~tdes There was a ~heli hitaseation of the Imc ol vap me aclow
the word “ Marshall " wlach would he dillicr Tt to werunt lot oscept
upon the theory that the e ol ruptuie <t ueed 1t the 11 and tray-
e1 ool that side of the wheel tow ud the b

The Iine~ of 1apture ou the ovter and the mnctr taces of the wheel
are chovwn by Qewes No- 6 and v The y heel broke ate two 31 0-
apal fiagments, between whicdit o was owrcfor whahow hicen
mnto o nwuber ol ~mall prece Trovn Yo s show the looad <hod-
terme of the 1 at the encumtono of the ~mall cector TPaits
of the flanoe were not 1econcied Tt 15 1egarded as probable that
the muaal 1uptme of the whe' occuned within the hmits of U
elhottered some ol the Liead wd Tmee  Fracture of the nheel fra
the hub, or core leg openmg extending outward would net be oxpacted
to re<nult m such a degiec ol liagmentation as here wiluos ol The
stiength ol tne 1im would el tor an mtaet plate  ihe tme ot being
bioken mto a number ot «wall {1agment~ to 1urni-h the neces-ary
reaciive lorce

Iigure No 9 <hows the appearance ot the tead of the whedl
The surlace wa~ m good condition and not ~ugae-t1ve as 1 cat-c ol
ruptute  The limied wear on the tread had not eflaced the mhs
of the chiller made when the wheel was cast
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Tigure No 10 shows the appearance of the fractmed e faces of
the rim plates and Tinb A nornal deptlr of chull was presenied with
a progressiie giadalion from the white won of (he tread thiovgh
mottled 1on lo a1av 1 the plates and hub  The metal 2t the outer
end ol the b 1n boih thes wheel and 1ts mate was -pongy  Tn other
places the metal was connd  In the exasnnation of the mate of the
Inokea wheel concentize 1imgs woee takea out 1 the determina-
tiom~ of the state of mternal <tinm~  The positions ol these 11ngs ate
for eomvenience sketchied on s cut

Fivallr the flange of the fragments ol the L1 hen wheel were
brelen off with a sledee, 1l ol wlhiely <how »d sownid f1a tures with a
depth of chull ranging fiom ane pl ot e flanee to nine-s xteeaths
imch a* the trtead  No tliermal cza b o1 ~hrnkoe cracks weie re-
verled A cavse {or the 1uptute of the wheel wa- nol di-lased 1n
the eximimation of these fraomente  The liore of the b =lowed
o smnth (mned surface which app ued to have had o« good bearing
ovet the full lengln of the wheel <o © The 1ecorded nicsswie ot 50
fons veed m pre~aing om the waeel doc- not c arv with 1t a o e for
upture

Table Yo 1 give- the clierntcal cowposition o the broken wleel
No 94051 and 1ts mate No 960755

Tantr No 1 —Chenoeal conmiposibion of acial i wkocls Nos 05071 and 96656
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e abence oo a defimte o probable cavse for the 1uptine of the
wh el wic s {o - chemsaa] compos Gon or 1ts Bl 1cal appe ar-
ance lTeac s 1o v cois Vesatwon ol some o0 milnence to whidh if may
live been wbjeded  The locad fraotee dtavon 1 the Ton suee.sls
the possibilily of sowe oljeet havmg been encountered ol suflicent
stz d buadne s (o hwve brelen off e es of the flange and 1ajuied
tre treaw Tle anecd ol the ttam when froihle was s nobiced af-
lerde v Tilie o no opperivvry for anv obieet 1o get betwean the
wheel and the vl exceptiie <ome patt of the biake megmne  That
some pasc ot the Tnake vigemo ell wpon the tiack m Lront of this
wheel 1nd was 1ecpon-thle for e locid shitering ol the welal of
the ileree and {icad -erm= a tenable explanation fo1 1ts {iacdlure
Primanle ao other pait of the tramn was myelved m the deratlment,
the cnuse of whik was confined to this wheel o1 the conditions Lo
whi it was expesed
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The view was entertamed by -ome ol the offiaals of the New
York Central Ralread that tle [aline was due to bursting pre--uze
at the b Mr ha~ Cobb 1 ~cactarv-tisasuier of {the YMar<hall
Cat Wheel & Foundry Co  odyv inced the <ame explanation My I¥
K Yl chief enemeey of the (rnrilin Wheel Co - furmishes data upon
the acsembling of a 723-pouud » Lo whieh was pressed upon its axle
with 811 tons pres-mie thewchby et lomg m a cireumferert: d stress
ob 17 000 pound- 1 squaire el tonsion an the b Dot 1y wheel
was sthsequently loaded wath over 200000 pounds withe o oafme

The ohly plavsible can o ab v huestimg nuessuze at the heb hemne
the prmary o1 a erntribnton mfluence o die fracture of the wliel
wiy taken under con-ideration o the exanimdation of the broken
wheel ard ds mate Trwdence ol Yrsting pres-ute at the hub would
necesearils disappcar 7pon th tweakimg of the wheel, hence tlns
tentmie did not adomnt o1 din ot amvestigation alter the deraillment
Fiiter-al sire se., whethiei due to azsembline conaitions or to cooling
<trams of Tabrcation, wonld i tor or against toprare of the wheal)
accondirg to theiw dinectrer o the b, plates el 1

The mate of the breken wlhool mas exannned 1o (oo 11 <fate
of mternal strams, that 1~ the residual cooling strains ol Tabrication
after the costomarv pertod of innealing to whicl all ehilled wheels
a1e s bjecced  On figwr- No- 11 and 12 are -ketched the loeations
of the coneentiic rings on wliach the mieinal  t1uns ot this wheel
nere neacured  Dometiioal and chord measniements wele made on
eachh fiee, the gauged Teneth- ol which are mdicwed on the-c 1w
cuts  Wheel No 26030 w not pholograplicd prion o tihing out
the-c concentric rings lence the photograph of wnother wheel 13
usedd on which to wmndicate the pesitions ol the 1mgs and gaunged
leneths

Mlhe measuted strams md ther equivalent <tresse~ whic were re-
leased on the ont 1de fa ¢ of the hub plite nd nim of ficuie No 11
arc entered on Table No 2

Tanre No 2 Wheel No OG0, owter foee
[strams released and thesr coun alent stresses on cangud longths of 10 3nehes each, exeept oo hub 6 52

mehits, w12 el was el ko conceutne reie T oo of gaueed lengths shown on fig No 11
Strains on gaugd | “lresses g au ool
lcngth | IS T bt
Rin, - - - i -
1
e b f b

Lne per fbe per

Iaches ok S 11 ©Tan
Hub | 0077 0 ohaz | 20 010 13, 560
A 1S (02n ‘ 1,700 4120
I — i 0030 sl 0 1.2
C — 04 — 3w 1,00 T
D e — | 50 R
Rim e 0002 | 1 x 310

Tealie fguree roprosent ~te s and o resscs respoclovel ol tonsion
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Stians of compres 10n prey uled m the metal of the hub in the
mner rmg A and n the 1im - Rings € and D were m tension and
one chord of t.ng I3 The other chord of rime B appeared to have
heen m compression, 1t value Lowever, was such as to cast a doubl
upon the tehal ity ol the determuination The metal ot the plite, 16
mav be =a1d v as generally oo clete of (ensun

The eopravalent <tre-ses gis~n o the table ue ba-ed upon a modulus
of ela-ueits ol 17 000,000 pound- per squote inch  Tests on cast 1on
under hoth tension and cowpiesston on an tmnve gun ton and
sand Cetiage the re-ults of which appear mn Lest- of Melals 1887
and followimg ycus <how a 1apge m the value ol the modulus of
gray and wottled cast 1wons [rom 17 00,000 to 20 000,000 pounds
per <quare el Lhe lower valne has oeen wdopted i converting
the «lrans mto stiesees m these mea~ement-

Tt wall be roted 1hat the mtetnal <tres-es ol conmpression at the hub
wore 20,040 ard 13,500 pounds per squate n h on ganged lengths a
and 4 1e-pe (ively xielding an asverage value of 16 800 pounds per
~quure mch Ia the 1:ng neat the hub the compressive stresses had
an average value ol 4590 pounds per square el In oider to bal-
ance ihese compressive stresses at the Lhub Dboth meids and outside
plates were 1 o <tite of imtial tepsion At the nim theie was a com-
pressiie stress of 4 420 pound- per square m.h al one chmd, wlhile
i the <ther chord the «liess was negligible m valie

The <ty urs and tiesses of the mside Diee of the wheel are given on
Table No 3 1eferning to the gaunged lengths which ate shown on
figiie No 12

Tatrr No 3 =TV heel Vo 90936 winer Dice
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Itulie « st pnf:ont situns 1l -tr ave respeetively ol Wpsiom

At the hub the compre-sive stiesses were 23,910 and 27,030 pounds
pet square mch, 1espectively, on diameters at 11ght angles to each
alher  The average of these (wo valaes 18 25 470 pounds per square
weh  On rng B35 chord gauged lenglths wele established  Each
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chord of thie 1ing was m a state of inilial tension, the m vunum
valve ol which was 4 080 prund- per square mch At the rim 1 of
the @iged lenoths showed a ~tate of ten<ien, and 6 a state of com-
pression  The tensile stresces on thi- e of the rim were abreast
the higher value of compiession which W= {onud on {he opposiie
lace “Phe tandeney of the manad =bivrs of Ddac o the linb
atwd plites ‘o 1eduee those al v wlhiodr « 10 g o ar those
m the plate eicated when the whodd 1= pro--ud upon s e will
be note:d

The [ragmentation ot wheel Yo 040510 precluded any dat beinp
obtamzed upon the tangential o1 caenmierential strans which 1e-
stdled in 1t before 1t was brokin 1hete were no lonertudinal strams
temating m the hub

Tipon 1he completion of the-e mcasniements the detached 11m ot
wheel No 26036 wa- heated Jocilly abreast several of the panged
lenath- by means of an acctylone torch The heatirg was done at
one place each on carh of the tovt wides of U i vl ab v LLth
place on the edge of the fluac Lhe fiomes Wlined 1o the c1oae
section. ol the 11m shown on e No 13 mdhicate 1l ~1de boalls
Lheated en w1 ahieast the difoont ganeed length-

5
N
\
1
%
]
1
-
7
]
i -
3 4
Ire 17 —(v o~ ool me 110 of wledd Do 960510 Lin o aly it d o adn
vdle Ual by tbe v als of oe gazed kngths v o~ 0 sy I0 |- oot wn
S0y ol Inuel add ol Ly, wlote 1 2vaged 1o s wele ecLrahial od

The torch was drected wainst one < ot on each section, 1a15ng
the tempetatute ab that pl o a chenry-1ed color ovel an arca of
abont 17 mches diaueves Dunng the period of cooling <iarl < de
veloped on the arc = on the ticad and on the outer edee of t1¢ 1
On the tiead of the wheel the aacks were of nreenla fo 1w ton
on the 1im they develeped m 1odial plane- paral'el (o the ans of
the wheel No emface c1acks were visible on the mner ~wfaee nor
on the mner «dze ol the 11n followmy the in-t beating with the
torch

The 1un was heated a second time, on which occasion the taich
was moved along an element, heating each ot the zones a lore L oof
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G to 8 mches At this tmme the cdge of the flange was heated m
addition to the four ather places Thermal eracks deseloped on
each of the hieated zones during the coohing of the rim following the
second heating

A permanent chwge in Tenoth was found to hve talion place on
cich of the gweed lenoths which embiaced the heated seclions ol
the 21um, one ol vwhiclh showed an mciease 1 lengllh whide each of
1he othier tom ~howed a deciease 1n lengih The 1un was allowed
lo reach substantially a umidorm temperature tluoughout whea the e
measw ements weite taken A stateruent of the peimanernd sefs 19

given on Table No 1

T ™o d—Reur of nlirel 0056
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The cffect of hewmg the tiead of the wheel appeated to result 1n
o+l eht Iiminwaon en ganged lenoth L 14 wall be berne o mnnd that
all ol the gweed lengths wete localed on the mner edge of the rim
The heatine of the tiead, therelote ¢ ed a shght shortening of the
wnel edee of the 1 to acsme abreast fhie place vwhich had been
Leated  Ordimanily an appuent chanee i length ot one oL two ten-
thoa »adrhs of an el on v gavged length of 10 mches would not be
reetded] as crgnaficant, owine to the wantpulatine conditions under
whocly these wea~urements ate generaily reqnued to be talien I3
nol [easible (o regulate the t mp ratwie of the malerinl nunder exam-
maton and brime ¢ Lo exactly that ofF the standaid 1eference bax to
vinch M c-merenc- e raferaied  Thess indicaiions on the treal
v ere, however coafirmed in the more pronounced diffciences fonnd
on tan other <ol on- of the 13510 The local v abine of a sectiom te-
sulied 10 1ls [l <horteming, notwithstanding at an wmtermediale
stage of the cooling theimal er wls by tension were deseloped on the
heated a1en

The onter edee of the 11m was hrated abreast gauged length 5
Tipon cooling thele was a permanent st 1 a plus direetion on the
ganged length lorated on the wnner edge of the im Al the first
bewting this amounted to 00608 uch, and atler the sceond heating
00015 mch  The pexmonent set 1 a plus direction 15 explained by
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reason of the final sharteming of {h opposite heated edee hendimg
the 11m as a beam and Jenathenine the edge which was measm

ITeating the edge of the flanee alnest danged length 3 caused 1
contraction of 00004 1nch A @ er contiaction was observed on
pauged length T when the mmner fiee of the 11 w1 lecally heated
and =11l a greal r connaction on cauged length 9 when {he mner
edge of the 1 was heated Tetwoor the mauks defimne 1t carenuities

The-e 1esults shovw that 1hed hieating had the efteet of ¢ msme an
nltimate contraction alone th eloe o1 the <ade of the 1un on wh ch
the heating was done  The-e dat1 add to our information upon th
eflects of those condations 1o whi i wheels are exposed  The explina-
tion ot the phenomena 1equne~ lnither expeiimental meuity mto the
wtermediate phases throueh wlnrh the metal passes, the relations
which one part af the 11 teu~ to another during the nterval of
rapul beating and the wore moderate rate of ¢cooling The ti1ans-
nisston of strauns throuah the 1n takes places mmmediately without
sensible lag, duffering escont v from the <lower tancnieson of
heat Tenee the mtermedialc < ves of stiam prosent manmy combon-
trons ot variable factor~ acconding to the 1ue ol heiting uud th-
mas- of the metal acted uponn When the entire mass of the 11m was
heated fo ngh annealing 1cmperatures there 1esulted a final expan-
sion on each gauged lingth  =1milu 1esults were 1eached by an-
nealing the rings of grax non which had been detached from the
plate

Rimgs A and B from the owter plate of the wheel were anneed
several temperatures They wore hieated 1 tempruime fuin o weih
gas as the fuel, and slowly cooled 1emainimg m ihe [ninaces over
mght and coolmmg with thon  The results of the nnealings are
shown 1n Table No 3

Taprr No 3—Whea Ao 0054

Filects of annealing at differeni romnern'ures detiched nimg  ro mifer plite 071 zleged *enaths of 10
nehes carh For jooytom of gauged Lot gt o tg Mo 11

y
| @ecess poiciz on

}Eueﬂlmg Luged lengths .
Ring mrﬂpp{flr(‘:a . Rem ks
Sees 1) a ’ B |
A | 1, 400 —0 093 - N2~ | Tirt moy ung
A | 1600 ‘ 0013 e sap ol rrahng
A 1 40D n2ng ‘ M= Ih=1 mnmhng
A 1,900 0,22 tid (urtl annel ng
‘ 0751 [UTF Tota] eTecty
i) | T4 — pun oMy Tt cnmeilng
B 1 200 0ré 036" SBecond annesling
au 6 060n Totlal efitcs
i

Positive vames indicale @Xpan 1ons, mulils values conirastions in gauged longths
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Vi esposuae 1o TR0 T (e fu-t wwedig teapelstwe 1g
A oshowed a conbiaction on each diureter the vidue of windh mete
ounzdy anch and 00027 wmch respectively  Eapo-ure to lnaler
tempeiatures roswted moan expan-ion witer each anneal rg which
1cached 1 tolal of 00730 meh and 00633 ey 1espaclively, aiter
the nghet anntaling temperuwme, 198007 B e B oexpanded
neatly dhie same amamnt atiar avnealing at the ame masuaue fem-
perature

Subssquen v the 11w was moealed thiee tumes at {emperatunes
vanging approxtmately from 16007 1o above 19007 [ The heating
Was (60 I a ga Tutaace the pacdy ol wlodh was overtaxed In
the w170 ol the 10m It was mconmvenent to Lieat the 1 umformly
atonnd 1ts arcoaference and no attewp! v s madc o do o Toble
No 6 gnes the swece shve amounts wlueh the 1om expinded alter
cach anncaling fogether wilh the total and apgregde ellects

T oy No Lh—Wheod Noo 000050

[Frcts o 1mad np o bfor ntte nperstices ¢otwhed 7 of whee] on o wiged lengil s o 10 1iches ewh
For Lo wbeon of g1 ovd lenglhs ses T2 No 12

o " H " Sileccssve el ool on o arged Lene Lhe ‘
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1,60 w180 UGB W20 02 40 011"0 Q0100 260 M40 038 0% 0 1200 1 | wneslir g,
in 24 23 e 016 0104 a0 ol 0y 0oy ode 012 seen e anme i b
1,500 1o 1 90y | 079 1012 Db)ﬁl 1013 'Y 36 W b 11'4‘ o610y 7 lwmrd mne hing

| 14 107 11»3'1‘ A6 2Us 36 0901 s idls 182 Lotal efects
| | |

Ve, 18 ol o gfl 10 ganeed lungihs L 232 11che cnclim sroiilia) expansien

Dumg the In L annealing of the 11 a heayvy scale wag 1ased on
the cconon coverod by ganged lengthis 9,10 T, and 2 (1 otbrr patts
of the 1un o ted oxade was formed  When cooled, the 1m shovwed a
perwanenl expan-lon on ecach gauged lenglh varvi o in amonnt e-
condmg Lo the tenperature to wlnch thit part hud been expased
On the ade which teached the highest temperalme the expin<ion
reaclied o masamum of 0 125% meh On the -de of the Iower wreal-
g teinperature the mimumum expansion wa- 00101 1act 1 he total
exp ston on the 10 chord measurement-; 1eplesentiag the cofne cir-
cumference of 1hie wheel, nas 04799 1nch, an amount whicl, i- neatly
four tape sizeg, as whenrls a1e measured

The =econd annealing of the 11m was at substantially the < une tem-
peLture as before resulting mn a hmited merease only 1 cucumfer-
ence  The pun was 0003 mmely The 11m was annoaled fo1 a thnd
tLee om which occasion a very Ingh temperature was 1eached espe-
clally on the ~ide near a gas port of the {urnace A lheavy scile was
rareed on the section covered by gauged lengths 4 to 8, inelusive, wlile
i that part covered by gavged length 7 the flange was softone] oy the
Icat and sagged  The1ua as a whole, was warped  Tlus anncaling
soltened the chilled surface of the tread Theie wa- now a further
decided merease 1n cncumference amounting to 1 1930 inches  The
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agereevle effeel of the thice annoding- was an 1actea-e m o«ircume-
ference of 17232 mches

Without chowimg the 1elune dfficls of annealing tempertures
upon g1ay, raotiled, ond wlite -t won these 1esults, neserthclos-
showed the deaded mereose m ducen-1ons wlich each land of nion
expertences when exposed o the eler lempordites Buot these
1epidts mnsl [ e taken in cemnee o wath the oil s ol lecal heating
m wlhich evidence was presentod ol v Tk a0 woownt ol cortraction

i dimercions, 1esulfz moworeh the die coen ol e poomoenl sels
vele 1eversed

Clulled mon v Leel~ taaint v ther nteznity s a whole ad e
m senviee attor the forndien s ol oradkes Tt 1= 0 0o
ol deep dere-l 1o a~cettaan o b C w1 state o1 condition of (he
metal enables thi~ to be accoa vl ol AL vwhedds unde, pre-ent
condition of crvice aie Db 1o cheirg docally thiough Lrake
avtio, The ellect on brake lue - = obvious They are okea up
by rverots thenmd vras s T ot vee necs v ro Told the pieces

{ogether  Thomel crack -0 ol ostoed wieh a1 7w hity Nots
withst audir g tlie pr=ency ot ta 1ol coack m ochob e o
s conby treads, <hell onts vl <lid fal spot 10y cont 0 (o
P vlotm then pece = 1y fuacino Wrale thes ol e ot
formance 15 well knovwn the 1o <~ e not well under~tosd  =one
ol the 1esults heve presented  t 1~ capected, will aid 11 svch o ime of
nguy

Another pbace of the -ubiet patams Lo the conhng strams of
funication They cceur m -~ i are prebably less comple thin
tho e whach 1eeult fro1a loo d heimg The it 1oms o o
pre-stons nothe hub of wlaol Mo 96636 woul I mie -1y v v 1
metal i resistmg bar ting <1 v at the wheel <o o Tocad by press-
ing the wheel on 1t+ axle M T I Vial, i b cu-~ng the subjedd
ol the proper tuining wund Ulow mees i it v the wheel set calls
attentron to “buist ln b <o oolled wd cavs Lhe start ¢l o bt
hub 1~ ot next the wheel =i bt occtns at the cote leg and pro
gresses totw ird the wheol -eat, the crack o wdually widenm o until
the wheel seat 15 1o whed At thus pomnt the crack has widened Lo
cuch an extent that a po-itiie ftacture of the metal o cins gnng
what 15 termed a buwr~t hub’  previou-Iv hoomg 1emaiked that
T1actures of thos hind ~tartme at the core leg have ¢ c1osed the head
of the pan core opening aid made then appenrance on the face =de
of the wheel, sphtting acio-s the chaplet and {hen tunume e the
single plate ”

This description by M1 Vial traces the comecs of (e hoe of
ruptute m the pre-ent wheel mo1e-pect to the hub ad vdyjacent paits
of the plates  The 1nutial comprescion m the mecl of the b and
the mitial tension 1 (he plhites as with es=ed 1 the wmate of 11e brolen
wheel cach tends to lorate the meipient pot of rupiure in the plates
sice a bursting pressure al the wheel weat must fitst avelcone e
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«late of mitial compression hefore a tension friciule can occmr "Lhe
maximum tenstle stiess 1n the mner plate and the mmumuam compiag-
siont at the wner end of the hub stood {o cacli ofl'er 1= 1080 to 23 510
Il the mate of 1the bioken wheel 15 a {eir example the 1elaviors he-
tweep the b metal and the plates for other clulled wheels are 1 pie-
sonlod m e ¢ vesulis The cvidence [ainiched by the frsciured sur-
laces ol the broken wieel mdicated however, thot the Tre uf tapluac
cepatating e fir t luee fraement from the ~mall ~ector  vud prsame
biveesbe bolter= =S and “ 107 ni the vowd ¢ Marshall® s 1 cetore
de<irr' el hiid 1t~ ouem af the 11m and thorce irveled throneh the
<t Lle plaue tov ard the center The shattered poruom ol e tread
a d fanga furriehed esideace comwastent with that o! e ¥ ac med
surfnce of the plate

Wheels are cubjected to cde Dlow  on then Lanees  The danoe
worl o vorel and rods festily 4o 1lus achion In ibe di-ion of
ebllod aian whodle ereat stoengtl of seelim s movided agast suie
Dlows  The dovble plate at the "nb fovetper v the Towhets, of
vhiv tboe de 1b ceecictono ibe Airneth of O e simele nlate sr»
the means rros e | e cet 1 e vemm oy e B - goars
thinee ol the wheel can e tesale tran wloch the ploie u d b are
reomted to1ecisb Lhe spoosoiress of metol al 1be ¢ 1v1de eods of Lhe
hilis o0 o1 ese wheels wonld detract from then sticnelh m th = duee-
twon, Gl there wash o evidence of farloie m tlhns wnne

Frareed <teel wheel~ have exhbrotted fraclures lithutable 1o re-
peated flance Llows  Tagnie No 14 dlu-tides cuch a hacime 11 a
lorned s eel wheel  The mutial voint of 1upiite 1 mdicated by a
dat <keiched on the cnt Trom 101~ pomt e ine of tuptine extended
m ewh diectzon unnl the haclure o the plate and 11m wis com-
plete & hot 1im ud eool plare intenaafy the vachal straips of len-
ston m the Iatter winle the mternoal ~trata- of compression acquired
at the tread due to the cold-1olline action ol a foged sieel v Leel
would still funther merease the “trams m the plate The niandity
ol 1he mieta] of the ticad of a ehilled 110m wheel probably preserves
it aeunst change of wteinal ~ttans wxmenling these ot the plates
by ~ervice conchiton~  Upoa this feature, however we are without
cxperimental evidenee

STUMNARY

Ditecl evidence attacling the responsibilily of the fathue of tlis
wheel 1o any «trn tinal defeet exinlated by the f1igments, oo sne-
eosted Ly the 1e-ults of the examination of 1ts mafe was wanting,
and T the proces~ of ebmmation attention 1s direeted (o <ome ex-
trineou- source as the probable provimate cause of 1ls faillme The
wheal was practically new Tt had been 1n seriice onlv aboul two
montlis, durtng which time the wear at the treacd had hardly 1emoved
tte chuller maiks of labrication  The suiface of the ticad was n
poad condition Theie were no theimal e1acks i evidence  The
framments when examined at the time of the aceident were cold
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The Trabes Lad not Lecn ~et 1 -ome time prior to the woident,
hence vo o cwson atose Yo1 the heating of the wheel  The fraduied
svteces Shovwed no casting seum o aaack In the subseaunent es-
anunatron e flynee of the whedl wa- broken wath 4 sledege hanano
detwlhime fragment- drow the o e onemnierence the flange
phiy e seund ol threuahont

The metal at the hub on the onte de ol the wheel v 2= ~pongy
both the broken whieel and 118 mivc—1 ~eonce ol woh s On the
other hand thete were mternal <1 vns a1 cerae--10n 1 11 ¢ hub of
the mate, which, 11 they were of (he < degrce o the hroken el
Lelore 1ts fractre would muern v ~oengilboy af aganst 1vonge
beemnime at the hul - Slame of (cn-on ext-red i the plates ol
mate

It 15 lrdlv prohable that 0 vl point of rupluie was 2l the
plates o1 b bt gatlise than o wotherim af ornear he flange
The position ot the hiohen  prec ot the wheel as ther were sot-
te1cd along the towk leads to the whief {he{ fractute began at the
1in Tualheimore one of the 110 il Jmes of imptiae Judeme
trom the «cmeswhat rdisenet mdh mwons on the fractured <o o
wppeared oo Lvve bad ts ortam oo tne i e neneral shiut aed
aove of the (hose vl rm loculs e Teads to the anleree thal
the onem of tuprie was at thar nive

In qae-t ol a4 e of the Tulie ol the ioken wheel i the ea-
amt wfron ot b mane, feature- o gencral mteiest were developed
The state of 1y willin the m (1l of the wheel 2y determmed
&0 data arcune Lupen the ol © < or oo bevome of the v s
s nulafime 1o the ronditions of I vwmne oxpern vood mmosersicr i
wld e Lo thees detesmmation- e wore olisery afons upen (he
change~ m dimenstons of gray von wwgs from e plate vl the
chiulled nnon ot the 1im of the wh 1 arter ca o lowd boon snbjected to
anue1ling tenperartules

The problem presenred i i~ x4 bon w5 to find the cee of
tupture of o compat thivedy noy wheol hvare 1 saticfactary Dl
the fractured suitiees af whion ~hovwed ooad met], the cond riom
of the tread ale Lemng good  The o wuovements were normal and
eaf1lsfactors

The eaplanation 1s advanced m v Ty of the report that some
part of the brake nggme was 1ispon-il e 1ot the loral shattering of
the rim ot the wheel and the provimate cance of itz tuptiie Oller
explanations have not consictenls met and hrmorized with the con-
dition~ known to have pievailed 1espon-ithihiy theretole attaches
to some extraneous cause of which laure of he biake nggimg
geems the most plansible

Respectfully submitied

W I Borninp
Chiep Buseow of Sofety
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