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INTERSTATE COMMERCE COMMISSION

REPORT OF THE CHIEF INSPECTOR OF SAFETY APPLIANCES COVERING
HIS INVESTIGATION OF A DERAILMENT WHICH OCCURRED ON THE
NEW YORK CENTRAL & HUDSON RIVER RAILROAD NEAR HYDE PARK,
N Y, MARCH 31, 1912, ACCOMPANIED BY REPORT OF THE ENGINEER-
PHYSICIST OF THE BUREAU OF STANDARDS COVERING HIS INVESTI-
GATION OF THE TRACK CONDITIONS, AS WELL AS OF THE BROKEN RAIL
SUPPOSED TO HAVE CAUSED THIS DERAILMENT

SePTEMBER 4, 1912

To tar CoMMISSION

On March 31, 1912, a passenger train was derailed on the New
Yorlk Central & Hudson River Railroad near Hyde Park, N Y,
resulting 1n the injury of 51 passengers, 1 trainman, 3 postal em-
ployees, 5 Pullman employees, and 13 dining car employees

After an 1nvestigation as to the nature and causes of this accident
and of the circumstances connected therewith, I beg to submit the
following report

This train was second No 26, and was known as the Chicago section
of the Twentieth Century Lamited It consisted of engine No 3414,
one buffet car, four sleeping cars, one dining car, and one observation
car, all of steel construction except the diming car, which had a steel
underframe with wood superstructure The train was m charge of
Conductor Lee and Engineman Ryan Tt left Albany, N Y, at 745
a m, 1 hour and 15 minutes late, and was derailed at 853 a m ata
pownt about 13 miles south of Hyde Park

The Hudson Division of the New York Central & Hudson River
Railioad at the place where this accident occuried 15 a Jdouble track
line running north and south The movement of trains 1s governed
by automatic block signals The track 1s laid with 100-pound steel
rails, with about 20 pine ties under each raill A small percentage ot
the ties had been treated with creosote and tie plates were used on
these treated ties The ballast 1s crushed limestone The rails are
double spiked on the outside and single spiked on the inside Six
hole angle bars are used to splice the rails

About 1 mile south of Hyde Park station there 1s a curve of nearly
2° leading toward the east and passing through a rock cut Just
beyond the middle of this curve 1s an overhead bridge, and just north
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4 IXITERSTALE COMMERCE CONNISSION

ot this iwdge the fist mdications of the derailment were found
These consisted of wheel marks on the outside raal mwerks on the
ties and two bolts bioken ocut ot an angle bar These muk- neie
about 2! 1a1l lengths noith of a bioken rail whieh earlv i the n-
1estigation was supposed lo have cansed the deratdment  The dis-
tance from the flist marks of derailment to the powt where the en-
eine and tender ~topped wa~ about 1 700 feet and the out~ide 1a1]
was turned over thioughout this whole distance  Neailv a nule
no1th ot the overthead biidge thete 15 a track water pan 1400 feet 1
lenoth where engines scoop water  On this division the speed of
r1uns wlnle passmg ovel water pans 1s lunited by time-card 1ule to 43
nnles per houwr and on all other pares of this division the ~pecd of
passengel tras during the ~eveie weather of the past winter ceacon
was Jnnited by special bulletin order to 60 miles per hou

After the acadent the engine {ender and buftet car were still
conpled together  Lhe engine and the wheels of the foiwud ender
tiuch were not detanled  the 1ear tender wheel- had tallen herween the
ratls  the ontside forward wheels of the butlel car were staling on
the overtuined 1a1l and the 1euw tiuck of this car was deranled
About 100 vards belund the buttet car was the brst sleeping car 1t
was entirely derailed and onltv one set of trucks 1emamed noder 1t
The 1emamng fve ears lett the 1oadbed more than 200 ya1d- torthes
notth wenl down an embenkment and came to 1est on ‘he e at the
edoe of the ITudson River thice of them hvine on then <ides and the
other (wo remaming nprieht  None of the cus was telescoped m
au-hed

I ngmeman Ryan ~tated that the ~peed ot the tramn at the wate
pan was 45 nules per homr and 1t wa- <liehtlsy accelerated after
~coopimg walel -o Lthat at the time of the accudent the t1ain was 1un-
nine at a speed of 48 o 30 mules per hour  Tle noticed nothing
unnsual until he telt a jerking ot the tam 1w af an au hose had
bt Engimeman Rian also stated that the <ignals at tovwer No 02
wete set at clear This would wdieate that at that time the 1als
dns block were sufhciently mtact to fotin a conbmuou~ path tor the
electiie tracle cireut

Iiraman Ferns stated that the speed ot the tiam at the time of the
accident was about 30 miles per homr Tl noticed nothirg nnrsual
unti] the an brakes were applied as if by the insting ol an aur howe
Nather the engmeman ner the fuoman felt iy unu-tal ja ~ueh as
micht have been caused bi passing over a Tnehen 1ail

As one of the causes o 1esulls of thi~ wordent was a broken 1l
a1 tecments were made to have the Burcan of Standards cooperate
with the commisston ' this mvestig ition M James I Tlowad
enaineet-phisielst ot the burean accompanied me to the ~cene ot the
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accident and we made a careful examination of the tiack and joad-
bed Poitione of the hioken 1a1l were sent to the Lackawanna steel
Co at Buffalo and there subjected to diop test~  The pieces of this
broken 121! and the two 1a1ls which weie immediatels noith of 1t 1n
the triack were sent to the Burean of Standards whete thev were sub-
Jected Lo examination anilyvsis and tesls The 1e~ults ot this mvesti-
gation ate set 1o1th i M1 Howards report which together with
the illustiations accompanying 1t 1s attached to and made a part of
this 1eport

The derailment occuried m a cnt the diamage of which was poal
The ground had been alteinately thawing and fieesmng and this
created considerable nunevenness i the track and 1oadbed On the
dav preceding the accident the section gang m chaige of thus fiach
liad been worlang i this cut and had placed shims under some ot the
tatls  The section forcman stated that shuns had been placed under
the biolten 1a1] but no wotlk had been done notth ot that 1atl on that
date  However there were shums under the ta1]l immediately noith
of the bioken rail, and in this vieniy mansy ~lums were used to
mamtain proper level of both r1ails the ~hims varving i thickness
em 1t quarter of anomeh to 1 mel In some mstance- shims were
used on a number of ties m sucression The accompanying photo-
graph ~hows (wo shim- under the mside 1a1l of the notrthbound
frack divectls opposite the pomt where the derathment accunied and
Hustrates the method of <himming emploved m thie 1w ity ot the
acaudent  The next photograph ~hows high ~humimiug at the watey
pan at ITade Pak N 1 wiliadh was necessaly to maimt1un propel
121l Jevel

The gouee ot the track tor 600 feet noith of the place whare the
derailment occurred varted from 4 teet 52 mche- to 4+ deet 91 e hes
and the ~uperelesation of the outstde 1ail vavied Liom 33 to B mecbes
accorglme to mcasurements mads atter the wondent On owcconnt ol
the complete destiuction oi the track no measurements wore made
south of the pomt where the deratlment occired

It 1~ believed that the use of ~lnum~ together with 1mieenlarity o,
nnevenness 1m the rack <o weakened the track ~tivctte that 1t eould
not wicth~tand the toanendons <ttam due to e heavy locomoti e
and tram 1ounding the curve at lneh speed and the outstde 1a1l was
foreed outward probibly by the engime the fir~t wheel~ to diop be-
tween the rails hemig the 1eal tender whedld~  This theory 1~ prac-
tieally ~ub~tantiated by the condition ol the ~spike~ and -pike holes
m the tie= alter the deralment A numbey ol the <pike- on the
mside ot the (hind 1ail beyond the mmtial mark- of the deratlment
were Jett practically undi~tuibed and the spilc- on the oat-ide of the
121l weie crowded outward
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In allustiation No 2 accompanying Mr Howaid’s 1eport the first
rail that nas disturbed 15 maiked No 1  On the mside of this 1ail
there were 11 <pikes that were partially pulled the spikes faithest
sotith being Iifted the most On the mside of 1a1l No 3 the fiist
seven spikes were left mtact 1n the ties, the outside spikes having
been crowded outwaid more than thenr width, as 15 evidenced by the
tops of the spike holes being elongated This cleaily shows that the
track spread at this point and 1t 1s behieved that this occurred under
the engine on account of the high speed however the hr<t wheel-

Shunming on nerth bound track opposlte pont of tecident 1llustrat
mg methed of shimmming employ ed 1 this viemls

to drop between the 1a1ls were the rear tender wheels, which ran
along 1n this pocition until the engme came to a stop cionding out-
wald the west raals of the track The flange mailks on the webs of
these 1a1ls mdicate that the wheels on that side of the train 1an along
on the webs of the overtuined rails

Attention 15 called to Mr Iloward s dicenssion of the progressive
featuies of the destruction of the track in this derailment and to his
statements that the spreading of yails No= 1 2 and 8 was doubtless
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ACCIDERKT ON N ¥ C & H R R R AT IIYDE PARK, N T 7

the cause of the derailment the fracture of rail No 1 bemng the result
nt and not the cause of the accident

Attention 15 also called to that portion of Mr Howards repoit
telating to tests of rails, showing that while the diop tests of
preces of the bioken 1ail did not disclose anv imperfechions sub-
~equent examination made by the Bureau of Standaids a= lo the
structural soundness of the broken pieces 1evealed streaks or seams 111
the metal DBut the examunation showed that while <eams were not
entuelv absent yet this was a better 1a1l than any of the other 1a1ls
mvolved m acewdents which had been examined and ieported upon
To determine the tensile stiength of the steel 1n the broken 121l tests
were made of longitudinal and ctoss-section specimens taken fiom
thic 1a1l  Seams were present in each <pecimen  These tests -

Hiph shimming 1l water pan nerth of point of der nlment

cloed much gieater tensile stiength of the longitudinal ~pecimen-~
and confnmed statements made 1n previous repoits upon defective
ralls, namels that ciosswise stresses are directls accountable foi
flange brealts m the bases of rails i service and thie 15 due o the
fact that on account of longitudinal seams 1n the metal 1a1ls are not
able to withstand severe bending strains 1n a crossvise ditection My
Howaid, 1n the accompanying report pomts out that * flange frac-
tures of the base m a crosswise direction are known to be the mo~t
common fiaciures of rails when n setvice” Present steel rail
specifications do not 1equire tests in the direction m which 1a1ls most
commonly fail The tects now 1equued <tram the steel 1n a longi-
tudinal duection but no bend g tests m a crosswise direction aie
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tequied In the tesls conduected at the Bumeau ot Standaids the
speamens displated good bending properties when longitudinally
stramed but under crosswise bendimg the flanges were broken with
humted elongation  Piesent 1a1] specifications contain no requie-
ment- as to elastic linut o1 tenstle stiength of the metal although in
the ca~e of practically all other steel materials the specificitions
presciibe certam values of elastic limut and tensile stiength

The facts cisclosed by the nvestigation of this deraalment call
attention to the need of collecting data on tiick conditrons such ac
the actual stiesses which e set up by locomotives and ears of dit-
ferent weiehts and at varvimg <peeds and ot dehmitely deternumnge
the magnitude of the stiesses on the ouler rails on curves under
soiiice conditions

M1 ITowaid also ponts out the fact that—

The hne ot demniention between safe wud unsare eonditions his not been
emmnstl 1tedl 1 praciiesy) 1alway engmeenine It s not known how unweh o1
how Nittle margin of stiength resides i the (11ch T€ 15 1 1m1e occurlence wlhen
diect experimenti] aesguch 1s made for the puipose of ascerlmumng the
stresse~ wiich tuls m <etviee a1e aalled upon to susfun and ver such knnwl
edee ~hionld be the basis for Judging of (he safefy of 1athway trvel Lhele as
ticent neel ol itormatien on the erasite and ulbnn de ~trenaeh oL (ks
constiucred vud used and 1lso 1 dnect determination ob the mgmide ot the
Shes=e~ witca the ek under «ervi ¢ cendifions i~ Culed unon o 1<t In
tew binehes of (ngmeer g worlk ean it be <1l (hat <o me-el mformiron 1~
nulible pertunme to the stractaral value of (he mateval and the wmhang
Crps=e= 1= 1 the cse of 1w track the most common of 11l enomceer -
stLue tures

While the in-t1uctions to enginemen required that they shounld not
exceed 1 =peed of 60 miules per homr this engine was not equipped
with o ~peed 1ecorder and an vestigation made by the New Yok
Pablic =ervice Commisston ~econd distriel <howed that the ~peed
himit had not been <tiretly obsersed  In checking np the tecond-
nt <even diterent fast trains 1 the months of Felbuary and Muaeh
1912 290 ca~es were noted where the spead Dimie ot 60 mitles e
hour was exceeded ol thewe caces there were 142 where the speed
wae between 60 and 70 miles per hom 122 where the ~peed was be-
(ween 70 and S0 miles per howr and 26 where the speed exeeeded S0
nule~ per iom

Notwithstandime the tact that both Znememan Ryan aned Tireman
Ter1i- stated that the speed of this ttam v~ onhv abont 30 nules pa
how at the time of the derailment 1€ 1s helieved thao it was considar -
ably lneher as the engine did not comme to 4 =top nnul i had 1un 1700
feel hevond the finst matks of the deratlig nt and ~everal hnndved feet
hesond where the tramn parted

T view of the 1ast and hewy Goathe over 1if ths nack v s -nh
jected 1o <evere strams wlhich 1equited constant mspeclion uul tie-
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auent mamtenance worl to msure that 10 wonld be m cake condinon
While the 1a1ls and (1es were 1 good condition comparalively fen
tie plates were uscd

On avconnt ol the heavmg of the 1oadbed due to the action of
frost 1t was necessary fe use ~hiun- to mamtain proper hack smface
In thie connection the followime 15 quoted from Me Heward < e-
Pt

LThit the mons cmplovaed to muntan the 1wl mircl were for somc 1o son
mdogute the vesalt shows TF the spoad of the 11 un was et thm sap
posedd an oxceptiona] stron way ove becn put upon the (tack TE the speed
Was an o oldimuy ole no mugn e ~henglth sastod < lrak mooam
elal m novthern chmes 15 Tess ~ltong s gpg approaches due o wintol con
dittons 1equning the use of shims o myuntun the surfwma Willl 1he =~ of
~ns herwdaon (e 1uls wd (e ties the spukes e dunoushed boldme pow e
il framish s resistanee agunsg spre g ob the 1wk

One obvious 1emedy tor this condition 1~ the use of lonaer -ples
where slunvmne el he 1esorted to

It many other derarlments that have bheen mestieated ~peed was
no donbe a contiihnnune tictor and the ditect e ol the Ove do nl-
ments heted mothe tollowme <tatemeul was excesstve ~peed m view
ol exi~tine (1wl condition-

"Nnmber Number
T nleo il Dte Lillcd  myured Cse

o N S e

Lake ITrie L Titisdan  h Sept 15 1911 4 1 Pk, up over new owuh oo
cessli sped

New tleans U Noth I ootan Mwoono1912 ] wo Soie and uneyen rowdbod uud e

1 cesne spred o yvw of tht con

tl1ilon

NSwiinlle Chutmooct L =1 Tows Tune 12 1912 i Ly Lacessnvespeed i view ol oysning
tru k condhnipons

TNhionors Cennal Julv 12 1912 16 Teessne speed ove hul ik

soutle rn Yug 2y 112 1 32 I xeessnespeed o view ol oy Ting

1wk conduwions

In none ot these cases was there any <peer restiiction m etlece
the time of the derailment  Where the fit=t [(wo accudent- oconed
the track was known to be poor In the fi-t case there wi- 1 had
streteh of (rack which was un-ate tor lueh speed hut no slow o1ders
had been 1=sued nd ne slow hoard had been mstalled  Whee the
second derailment orcutred the tiack wa- known to be un-ale at
tune- patticululy dmime 1umy weatber e considorable pecial
worly had been dove therte  Slow ovders covenng this sectin ol vack
had been =sucd liom e to ttme but none ol them was 1 eflect 1t
the time of tus deratlment Thiee of the derailment= occucrad on
strateht trick and (wo of them on eurves ol about 31°

A stndy ot Lhe conditions wumvonnding the-e det almens elapha-
~izes the fact that 1n many places and on many toads m thes o amny
fck ss not propetly constiueted o <afhiciently well mamiin«d (o
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prodwde for the safe operation of finins at high speed It 1s believed
that means should be taken to ascertain the limit of speed 1t which
trans can be safely opetated and to provide an adeguate mar-

g between this himat ot sajetv and the nghe-t specd permatied o1
attamned

tespee ity enbonited

T W DBrirsw
Chiet Inspector ot Surcty Appleinees

— e ————————— ——————
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REPORT OF THE ENGINEER-PHYSICIST

I have che hono to 1eport upon the mspection and examimation of
the 1a1l- ot the southbonnd tiack of the New Yok Central & TInd-on
River Runlinad at a place about 1} milee ~onth of Tvde Pk N Y
where the second =ectton of train No 20 the Iwentieth Centurs
Limitedd en 1oute Liom Chieago to New Youk wae derarled on the
moining of Mareh 13 1912 10835 a m

The traun consisted of locomotive No 3414 Pacihe rype and seven
cats the larter all with nndertiames ot steel (numeraled as follow-

Tength
ovir 1l Wit

Froowno Pouwnde
! u

Locomon e T | LIT ik
Fnoe 2400
Palot tiuch two andes por e R
Torw ud diners e (i
Muchdle dlriyers L
Reu driver W {00
Conder Jour andes per e 710

L S &M ~ huflel ~Nu 177 RCIEN | 171 0

Tullman Honcove N 1n 10 0t
Pullmn Mocddena sl 1o 1H0 Qi
Puilman Phelp sl 10 L) bon
Pullman B Poned sl 1n Ly 00
NY AP o dier 70N L 700
Puollmon ob-01y tion car Woituleown 541 L0 100

1491 700

Lot

Ilie (10 vn was 1unnmg m a southerls duection when it doy ulment
occuried which took place on a 1° 487" cmrve about 11 miles <couth of
Hyvde Parh station The damage to the tnack heeoan m a tock ot
The outer west 1a1l of the tiack was toin from the ties for v di--
lance of 1637 fect the greater part of thi- lenatly bewwe on s langent
south of the curyve

The casualties were 73 per~on~ njured none lalladl  IThe Jocoma
e came to a4 ~lop withont deratlment excepting the wheels ol (he
reat axle of the tender  Ihe buffet a1 1emamed attwched o the
locomotive with the west wheel~ of 1ts torward truck on the web ol
the ovordnined west 1ail all other wheel- of the car beme on the rne-

The ~econd car Ifoneove broke looze and -topped 517 Leet Lo the

1ear ot the forward «nd of the locomotive  The photogy iphue print
11
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<hows this car with wesl wheels of torw wd tiuch on the wily ot the
overfurned raill ecast wheel- on the e The rear cruck hodd been
toin f1om the car hetore 1t came to a stop

The other five cars of the tramn lett the 1oadbed and came to a ~top
m the wce of the 1ver atit- edge The tervward o of these ive was
1 008 leet to the 1ear of the frout end of the locomotive

Concerming the evenls which preceded this 1ecule 1t appens that
the tram wi- jounding the cnrve under ~tevn thar devarlment oc-
cred commencing at ~ome pomt on the cnve m the 1oy cat th
the tram was e patdated mnto thiee parts  and that the aeat hnow leda »
ot the accident on the parc ot the engimeman and hrcman ¢ une from

YVaew Joohmg south, shiowing pmnt whore deyadment b n

the ui-brake -v-tem after the cat= bogan o leave the ttads  The
wesr 141l was torn from che ties o distance of 1637 foot bhegmnme al
a place m the rock cut and endimg at the place occupiod by the tea
axle ot the tender when the Jlocomuotive came to a ~top

\ ~erie- of tom general views of the ~cene ot the wicck woompiny
herewith veproduced 1ram photographs taken on the dayv ot (he de
tadment  The track was restored and opened to (rathe for <) cd ol
O mile- per hom at 345 p om of the ~ame day or > homes 50 mmne-
after the doraithnent

De~ctibime conditions = <hown by these photogy iplue primt= which
were tahen ~omc fime dnvmg this mterval of 1tk vepanime heoim-
nmg ai the northern end ot the aftected cection 1t appoas that the
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fust 1ank which was disttnbed had <pihes partly pulled from 11 e
but with ~tem= 1etaming 1 contact with the flange on the ganoe -ide
ot the 1at] at tt= ~outh end  The <pike mn the tie farthest north wa~

palled thie least that ot the south end ol the 10l the mose progies-

snvelv mdrca=me bom noirth to sonth  This tarl wall bhe oadled
]

No 1 [he rail nost =outh svhich wall be called No 2 s <hown
posttion vory peatr that whiel 16 occapred m the oack pror to e

derarliment Yo =prhes appear on the photagraph engaving (he Bana

on the o uloe side ot this 1aal
The north ot of 1l No 2 showed no mjury trom the acadent

Tt wa- cnt apart near the nuddle ol 1 length and the notth end

tinaal vaew af det ulment looking ~outh

tempor uthy w=cd o the tepans to the tiach hemg subsequentls 1e-
movued ued shippal to the Burean ot Standaids  Lhe <onth end ol
tho-1ath was very ~hehthy twisted with the head outward  The mast
portharn place of pronunent defarmation on the tail 1= 4 dewnw v
betd ol the edge ot the mner flange boeween fes at 2 distinee of
12 dcet Trom s ~outh endd A€ mtersals bhetween ties gome ~outh
the downs vd bends m tns fange wae more pronounced  but did
nol mdicate that many blows had beon 1ccened not that they werd
sesere one-  Thae was a <haip downward hend dizecty under
netth eod of the <phce har wlhinch connected tads Nos 2 and 3 donhe
Toss cn=al I whicdd Wow 1 thes plwe the tatl was deo bhodih
Pontan chonzoutal doeciion concave o the gadee <tde Lhere werd
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RLPORT OF THE CHIEF INSPECTOR OF SAFETY APPLIANCES COVERING
HIS INVESTIGATION OF A DERAILMENT WHICH OCCURRED ON THE
NEW YORK CENTRAL & HUDSON RIVER RAILROAD NEAR HYDE PARK,
N Y, MARCH 31, 1912, ACCOMPANIED BY REPORT OF THE ENGINLER-
PHYSICIST OF THE BUREAU OF STANDARDS COVERING HIS INVESTI
GATION OF THE IRACK CONDITIONS, AS WELL AS OF THE BROKEN RAIL
SUPPOSLD TO HAVE CAUSED THIS DERAILMEN]

Sreirvpie bo1912

To i CovrvissioN

On March 31 1912 a pas-enger tramn was detaled on the New
Yok Cential & TTudson Rner Railioad near Hide Parkk N Y
tesulting 1 the mjury of 51 passenger~ 1 tramnnin 3 postal em-
plovees 5 Pullman emploiees and 13 duung car emplovces

Atter an mvestigation as to the nature and canses of thi= aceudent
and of the citenmstances connected (herewith T beg to submat the
following 1eport

Ihis ttamn was second No 26 and was hnown a- the Chicago section
of the Twentieth Century Limited It consisted of engime No 3414
one biftet car four sleeping cars one dining car d one observanon
car all ot steel constinction except the dining car which had 1 ~tcel
undertiame with wood superstiucture  The nam was 'n charge of
( ondnctor Lee and Engienian Rvan Tt lekt Albany N Y ac 743
a m 1 hom and 15 minuates late, and was deraled at 3% a m 1t a
pomt aboul 11 mitles south of Hyde Paik

I'he ITudson Division of the New Yok Cential & Hudson Rives
Railroad 1t the place wheie this acaident acencred 15 a0 louble ok
Line 1unning notth and south  The movement of (amns 13 governed
by aulomatic block <ignale The t1ack 15 lawd with 100-pound -teel
tails with about 20 pine ties under each rail A ~mall percentage of
tie t1es had been treated with crcosote and tie plates seere n-ed on
thewe treated ties The ballast 1s erushed hestone Tihe 1a0l- ae
double <pihed on the outside and ~inale sprhed on the marde =i
hole angle bhais are used (o sphee the vuils

About 1 mile <outh of Tlvde Park statron thore s a conve ol neuls
2 leadimg toward the east and pissme thiongh a roch cut Jn-t
bevond the nnddle ot (h1s cutve 1~ an overhe vl hrdge and ju-t north

3




14 INTERSTATE COMMERCE COMMISSION

no maths ot consequence on the web of this rail At some <tage of
the derailment the south end of 1a1l No 2 moved 1n a westerly dnec-
ton 1ncleasing the gauge of the tiack sufficiently to let a wleel o1
wheels down upon the mner {lange and thie occurred while the 1ail
was 1 neatly an upright position

Such spreading of the tiack could ocewr with the 1a1l 1 an upright
o1 neaily upnight position only by displacement ot the spikes on the
outside of the 1a1l moving them outwaid at theit upper end=  3pike
hioles wete found in the tres 1n the viemmity  which showed they had
been forced outward to an oblique position and sloping from the

E

A :?}’AMy,?
] >
At R Ly LT b

o 4 ks
[P TR s Tt

View of dorasled ears lookin, noith

ttack  Lhe npper ends of the spike holes were clongated one or wmote
Jdiameters

Tlie tram 1an on the mside coiner of the head of 1a1l No 2 for
mote than half its length at 1ts south end the 1ail at that stage
hasing heen tilted outward and resting on the outer flange of the
Lase  The obliquity of the 1a1l was greatest at 1ts sonth end at (h~
<tage appatently judging from the distuibed metal at the junction
of the 1unning < face and the flange s1de of the head

Rail No 2 appears to have sprung back o1 was moved back and
mcistinetly shown by the photograph seems to 1est upon and partls
cover some of (he inside spikes

Rail No 3 wns permanently twisted about 20° 1 1ts full length
[F1om the evidence piesented 1t would appear that this 1a1l was

e e
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the fiist instance forced outwaid and was then followed by a tor-
slonal movement A\t about G feet irom the receiving end the inside
fange was bend downwaid and at the same place theire was a shaip
bend 1n the 121l as a whole, normal o the web and conease on the
cauge side of the 1a1l  Lhe downward bend of the flange piobably
occurred 1mmediately upen the spreading of the track and the bodils
bend took place after the 121l had tmined over on its side

Theie were numeious marks <cored on the mside smface of the
web along two-thnds of the length of the rail at 1its <outhein end
while but few maiks were found on the northein one-thud  Along

Iloncoy ¢ ! showing wheels of forw ard truck resting on web of overtiined rud

Trullmn slecpmg cu

(he northein pait there was evidence of wheels having 1un on the
mnside coiner of the head 1n the same manner as 1t occuried on 1a1l
No 2

The photographic print shows some seven nndbetubed spikes at
the 1ecerving end of 1mil No 3, on the msule of the base  This
condifion would agamn indicate that a dnect ontwaid -preading of
the tiack took place  There was a sharp bend i the mper flange
of 1111 No 3 17 to 18 inches fiom the leaving end and 2 bodily
bend at the same place concave on the guage side  Nea1l the mddle
of the length of the 1a1} (heie was a shoit clescent-<haped fange
brealt on the gauge side  The general condition of the ties remained
nnchanged dor that pairt of the track whieh was under 1aile Nos
1 to 3 Beiond the leaving end of 1211 No 3 the tie- weie more o1

————— e
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less shattered by the wheels, and so continued from that point
southward

Rail No 4, the next rail in order following the direction of the
train, was broken into a number of small fragments, which comprised
about one-third 1ts length, at the receiving end Tiguies Nos
1 and 2 show the appearance of the fractured parts These frag-
ments wers macde when the rail was Iying on s side  Priov to
its overturning 1t appeais that this rail had been spread, at least at
its north end The inner flange at pleces marked la and 2a was
bent downward on the gauge side at a place 5 feet from the re-
ceving end of the rail This was done before the line of fiactuie
between pieces 1a and 22 was formed, and constitutes evidence which
15 believed to show that spreading oceurred prior to its overtwining

When lying upon 1its side the wheels of the train stiuck the web
of the rail heavily at a place about 6 feet 9 inches fiom 1ts receiving
end .\t this place the imitial pomnt of fractuie was found to be
located The long, flattened, crescent-shaped break in the web under
pleces marked 2 and 3, was appaiently the flist to be developed
extending 1n each direction, north and south, fiom the mnitial pomnt,
which was close under the head on piece 3 nea1 the line of r1uptuie
which sepalated 1t from plece 2 The lines of ruptuie separating
the web and base weie secondary, as were the {ractuies which de-
tached pieces la, 4, 4a, and 5 TUndoubtedly some of the smalle:
fragments weie violently thrown about and 1ieceried blows from
different directions during the remaining stages of the derailment
There were wheel-flange marks on the web of raill No 4 and on the
webs of some 25 other rails located 1n the track mn a southerly duec-
tion beyond this point

Abreast rail No 4 and for a number of rail lengths beyond the
1ails of the east side of the track were bent The photographic
negative of the general view of the track, in the rock cut, shows
that some of these east 1a1ls were bent concave on their gauge sides
the reproduced cut not showing this feature so clearly as the negatite
Which trucl was accountable for this effect on the east rail of the
track 1s comjectural, with the probamlity of its being one of the
trucks of the ferward cars of the train or the rear axle of the tender

The rails next south of No 4 were mairked SI to SIV, inclusive
The webs of these rails were the most deeply grooved and scored
of any peitaining to the derailment The marlkings were on the
gauge side of each The mside flange of rail marked SI was frac-
tured in a number of places, and one piece detached from the base
of SIT

These four 1a1ls weie bent concave on the gauge side shaip bends
occurring at distances ranging from 7 to 8 feet from themr recerving
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ends The bends weie without doubt made by the wheels of the
train 1n dropping from the splice plates to the webs of the over-
tuined rails There were also sharp bends about 18 inches from the
leaving ends of the 1a1ls, caused by blows received when the wheels,
runnng on the web, encountered the ends of the splice plates

Figuie No 3 shows these four 1ails, and a fifth one, the latter a
rail from the east side of the track Bends, in SI to SIV some 7 to
8 feet from the receiving ends, appear in the cut This east rail of
the photograph was concave on the gauge side The wheel-flange
marks on the webs of rails SI to SIV were very pronounced, and were
without a doubt made when the rail lay on 1ts side with the head
toward the west

No 3 —TFour bent rauls from track next south of broken rail No 4 Ttail on left side of cut came [rom
east side of track  This rail was benk eoneave on the pauge side

The rails which were located next south of the group, maried “SI
to SIV,” also showed pronounced wheel-flange marks on the innei
surfaces of the webs The marlings were less numerous on the rails
farther down the track, finally disappearing at about the fourth ral
from the southern end of the disturbed section Ifive cars having
left the roadbed at an intermediate place the rails farther south were
not exposed to the full number of wheels of the train

There weie other broken rails resulting from the derailment, the
wdentity of some of which, 1n 1espect to position in the track, was
not well established

Three rails were bent, two of which weie broken which had the
gauge side of each on the outside of the bend One fragment, 16
feet 5 1nches long, was bent towaird the gauge side, with a deflection
of 31 inches  One full-length rail had a deflection of 35 inches while
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another was bent 1nto the shape of a huge interrogation point, with a
maximum deflection of 7 feet The upper end of this huge figure
was the receiving end of the rail

Figure No 4 shows the appearance of these bent and broken rails
The one marked “Xce W 37” was broken into three pieces These
broken rails weie found abreast of or in the vieimty of the five
cars which left the roadbed and went into the river Some of the
fragments went 1nto the 1iver at 1ts edge, wlule one piece was thrown
a distance upon the 1ce, which at that time covered the river

The bends shown 1n the cut, which would be inwaid 1n diuiection ir
the rail was upright, would take an upward turn when the rail was
on 1ts side  If these rails were not the direct cause of the train sepa-
rating probably some of them were bent by the last five cats of the
train

Events peitaimng to rails No 2 and No 3 were doubtless of prime
mmportance mn causing the wrecking of the tiain, while the succeeding
events were of secondary importance and the outcome of what hap-
pened to ene o1 both of these raills  The fracture of rail No 4 was
a secondary affair, 1t 15 beheved

Diop tests were made by the New York Public Service Commis-
sion on shoit lengths talken from the south end of rall No 4 Tigure
No. 5 shows a longrtudmal crack made by the drop test 1n the base
of one of 1ts preces It was reported that the first blow of the drop
test developed this crack n the base, 5 inches 1n length and one-half
mch deep The base was on the compression side, the rail having
the head down 1n this test The ciack was 1eported as having been
due to the condition of the stiilimg face of the tup  The second blow
of the drop test fiactmed the rail Tiwo drop tests were made, the
fractures of which were 1eported as not revealing any imperfections
in the steel

It has been found in the examination of other rails that the drop
test did not 1eveal imperfections which existed in the steel when the
imperfections consisted of streaky and seamy metal, 1mpe1fections
which were 1evealed however, by bending the flanges of the bhase
In a crosswise direction

An examination for structuial soundness of these pieces was sub-
sequently made when the broken ends from the drop tests were
returned to the DBureau of Standards Streaks weie noticeablv less
prevalent in this 121l than have been found 1n many earlier examina-
tions although streaks and seams had not 1n this rail been entirely
elimmated A number of shoit seamy streaks wete revealed upon
bending the flanges 1n a ctosswise direction Figure No 6 shows
towr pieces of the flanges of this 1a1l on the fiactured surfaces of
wluch appear short ccamy stieaks, along the lines of whieh fractures
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tooh place  The cmfaces of the <eams were hight wd lustron- and
free fiom osidalion  These stieaks were generally located near hut
at a shoit dhistance abote the lower ~uitface of the ba-e

A ocross section of the 1a1l was polished and eiched with tincruee
of 1odine as <hown by figme No 7 There were maline- on the

A

-

-

-

T ‘-:‘H'h—:f?
dan’ S|

o

No T —Cra s secuon of ral No 4 polished and etched with bndture of wdme showing mukim. m
lower putolfhewl wd wely  Chipsfor cheanead andyses Lihen Dom plwes muked with e 1ctrers
Lhood mde

ba~e which the photographie prnt does not hrme mto ven—tclie 1=
mdarthinos which were comparatively tew and ~mall i ~tre Lhe
creel was more nearly struwctuzally <omud than ha< heen witne-<ed
some 1ail steels examied on ather occaston-  The etchune ~olution
bronght eul mulkings m the lower part ol the head and the upper
part of the web whieh appear i the cut
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This c1ess section also <how- the Hange wear that had taken plice
on the gange side of the head lhe flange wear 15 evidence of the
outward thiust of the wheels of the tiain agaimnst tlus 1all - The wear
exhibited by the outer 121l of the southbound lrack was much greater
than that of the corre-ponding 1a1l of the notthbound track at this
cuive

Chemical analvees of samples talcen fiom the piece of 1a1] shown
by cut No T gave the tollonimg results

- I Phos

I oeation iom whence sample was raken ‘ Cubon | phoIus Manganese
- _ | _ ]
Tust helow 1unmng surfice of head | 0 00
Aleldle of heacd , a0
T ower part of heud aud uppa part of web | iy 014, 002
I ouwer part ol weh 03
Ncar edge of ange | w0

Tenstle tests were mule on ~peamens taken longitudinally from
the outaide portion of the head and fiom the base  The latter spect-
mens were taken i both longitudinal and crosswise duections

In the base ~pecimens there were presenl longitudinal seaniy
streaks

The 1esul(s ot the tensile tests were as follows

! |
Llon 1 Con

J T lastic  Ienstle
. St it stength| guizon trac Tlonganon
10
Tae a“gl[cn]r\m“ Dumen 1wy ool | po mr w2 uoen  of imchsee \p}:"l:h‘l‘;{om
wer Psgquie sguue oo 1 ol tlons
i mch inch lmchm el
- _ - - |- N e
Fiiche Lis Lbs |Pt‘i et Peret

[fead longuudmal 0 50 doae 0 20 32000 14300 220 371 017028020 sk nter-perscl
| wich fine grni

\ |ton
T3¢ Jonpmdmal 01 [(RE 90 50 ‘ 49,27 717 12 Sk sy per cemn
‘ ! ooamilun W pa
cenl
Do N 14 034 9180 | o "0 7 1, 11 Sk
1,0 1 CrossW e 3 Lo sl sod70 | 40 71 ol Craulu Tien
mred b asterk
Do Ty 12y AET 04 700 Y4 s 0ty Oh Do

Tichie e i Ted =ect on

[1enmie No o~ <hows two of the specimen~ which were taken from
the ba-e of (he ra1l a~ thes appeared betore and abter fracime Iy
tenetle =fres-e-

There wete <treahs present i ecach specomen Ty the foungitwdimad
~pemen the ~tteak- were parallel to the lenoth of the ~tom and theie-
fore parallel to the ducection of pull wherews m the cro~~wise ~peci-
men the streahs wele at night anele- to the lenath of the ~tem The
m{luence of the <treak- 1 limtting the elonoation of the ~leel 1~ <shown
n the 1e-ulte  Ihe metal ot the lonertwehiml ~pecimens elongated
T3 per cont agarnst +and 575 per cent 1e~pectively on the croswi-e
~pecimens
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Flange fiactures of the base m a crosswice diection are known to
be the most common flactuies of 1ails when 1n setvice These results
show whv such rail failure- are overwhelmingly i the majority 1f
the 1epetition of such 1esult~ are needed to establish the cause

Thee tesults also show why several of the 1a1ls concerned n the
present derailment displayed good bending propeitie- when longi-
tucdinally stramed, in one mstance forming a loop 7 feet versed sime
while the flanges under crosswise bending were oken with himited
clongation In earlier 1eports mention has been made of the fact that

No & —Tensile Lest preces taken from base ol rall No 4 show g eflect of streaks on extensipn of the mutal
Lppearance of specimens before and after testing  Upper plece of tach pair longitudmal specimen
elongation 14 o per cend Lower piece of each pair crossw1se speamen clongatlon 4 per cent

specifications governing the acceptance of steel 1ails do not call for
tests 1n the direction 1n which 1a1ls most commonly fail but stiain the
steel 1n the direction parallel to that i which the <treaky seams ex-
tend when they are present

Tt mav further be 1emarked that steel-rail -pecifications do not
preseribe a value for the ela-tic lumt nor tensile stiength of the metal
Smee practically all other -pecifieations presciibe hmits for one o
both of the-e values 1t 15 not clear why they <hould be omitted
steel-1 ul r1equnrements

—
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Specifications for splice bais preseiibe a value for the elastic limt
of the metal Steel axles steel tnes, and locomotive forgings all have
«a preseribed elastie Innit o1 tensile stiength, o1 both values  The vail
alone 1 this ascoctated group of matermal 1s accepted without test
for elastic limit o1 teneile strength It will be a step in advance when
mmore complete data are acquued concerning the physical condition
ot the metal 1n steel 1a1l= and coupled with that information a defi-
nite know ledge of the stresses to which steel 1ails are exposed unde:
Lsnal serviee conditions

Laclk of stiuctmial soundness or continuity tends to locate the place
of 1uptine m steel when stressed and exteinal indentations o1 de-
Tects particularly in hard steels have an eftect simiar to internal
stieaks and seams 1 locating the place of 1uprute when the steel 19
Lested to de~tinetion

An example ot the piresence of an external mndentation locating the
mitial pomt of 1upture of one of the 1a1le of this seties 1= found 1n
a section which was broken 1n the diop te-t condueted by the New
York Publie Service Commission and shown by figure No 9

That =ection taken fiom raill No 4 was tested ha-e down and
brohe at the thind Llow of the tup  The fractmre was an wansual one
m respect to the duection which the Iimes of 1uptme tnaveled Tt
was mfluenced by the ndenration made by the Laand maiks on the
web  I7 T 38228 The fiacture =tarted at the letter I of the
brand mark which was located on the web near 1ts junction with the
head and above the neutial axts of the 1mal .\ star marked apon the
cut mdieates the meipent place o 1upture where a fine crack =ianl-
mg at the letter I" exlerded thiough the letter 1 anel a short
cistance bexond undel the Lead of the 11l

The main line ot tuplure ~tarted 1rom this han ik av the lelter
‘T and extended m eaca duection aronnd to the ba-e and also
fiom the same pomt up threugh the yunnime surtace of the head thus
completing the fracture and <epalafion of the 1al  The 1identation
at the letter ‘T ° wac vutually a surface defect cansing the hine of
tuptwe to have 1t or,gin at this unusual place  As steels increase 1n
hardness then snsceptibility lo mjury fiom swiface indentations ot
defects incieace and while the metal of this rail was not paiticulaily
hard fiom chemical composition vet the brand marked concfituled a
suiface defect which detiacted sufficiently irom the ductihty of the
steel to Tocate the incipient place of 1upture

Figmie No 10 <hows the fractuied surfaces of the inwo diop-test

spectmens The ciose «ection on the 11ght of the cut 1epresents the
rest with the ba<e down and on the web of wluch pointed ouf by the
artow may be seen (he fine crack cavced by the indentation of che
letter ' The aack did not 1each thicngl to the opposile swiface
of the web

e —————
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The cross section on the left of the cut shows the appeaian-e of
the fractured surface of the rail which was tested under the drop
with the head down Frocture started at the corner of the running
surface of the head and the gauge side. indicated by the airow
marked on the cut The crack in the hase of this test piece shown
fiom the under side of the base on figure No 5, 15 here shown viewed
on end

Interesi attaches to the condition of the track at rails Nos 2 and 3,
as 1t existed just prior to the deratlment Inasmuch as section men
had been at work 1n that vieimity only a short time before the derail-
ment 1t would he infeired that the alignment and surfacing of the
track was believed to have been left in good condrtion 'That ihe
means employed to mainiain the track intact were for some reason
madequate the result shows If the speed of the train was gieater
than supposed, an exceptional strain may have been put upon the
track If the speed was an ordinary one no margin in strength
existed There has been no evidence presented to show that the tran
equupment was defective #nd led to the derailment  Track in general
1 northern climates 1s less stiong as spring approaches, due to wintel
conditions requiring the nse of shims to maintain the suifacing
With the use of shims between the rails and the ties the spilres have
dumnished holding powel, and furnish less resistance against spread-
ing of the track Shims had been used on the track in this vieimty
as customary on all track

Two features present themselves for consideration in an endeavor
to asciibe a direct cause for the derailment Was the speed of the
train greater than supposed, thus bringing a more severe thrust
against the outer rail of the cuive, or had the shimming been carried
too far, and by the nse of thick shims had the margin 1n stiength
heen exhansted? Kvidence points to the spreading of the track by a
direct outward movement, as the first occurtence in the derarlment
followed by an overturming of the 1ails  Since 1t 1s nok possible to
apportion the responsibility between or attach 1t idividually to one
or the other of the probable causes, 1t would seem that the derallment
should be attiibuted jontly to the effect of the lugh rate of speec
of the tiain and to nsufhcient stiength 1n the spiking or bracing of
the outer rail of the curve

The line of demarcation between safe and unsafe conditions has
not been demonstrated in practical rallway engmmeering It 15 not
Fnown how much or how little margin of strength resides in the
track It is a rare occuitence when direct expelrmental 1esearch 15
made fo1 the puipose of ascertaining the stresses which 1ails 1 se1t-
1ce a1e called upon to sustain and yet such lknowledge should be the
hasis for judging of the safety of railway tiavel There 1s wigent
need of infoimation on the elastic and ultimate strength of tiaclc o
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constructed and used and also a direct determination of the magm-
tude of the stresses which the traclc, under se1ice conditions, 1s called
upon to resist In few branches of engineering work can 1t be said
that so meager nfoirmation 18 available peitarning to the structuial
1alue of the material and the working stiesses as in the case of rail-
way traclk the most common of all engineering st1uctules
In conclusion, 1t appears that the piobable primary cause of the
derailment was the spreading of the track
That rails No 2 and No 3 of the outer 121l of the curve were 1n
the first instance forced hovizontally outwaid, followed by partial
overturning 1n an outwaird direction when disengaged from the inne:
spilte heads or about that time That 1a1l No 1 was temporarily
twisted and partially diew some of its spikes, but without inaterial
displacement 1n posifion 1 the track
That rail No 4 was turned over on its side and fractured n that
position by some of the wheels of the fooward part of the tram, the
wheels runnmmg upon the web That 1ails beyond No 4 were all
turned over on then sides, down to wheie the locomotive came to a
stop
That the spreading of the traclk was probably started by the engine
and completed by other wheels of the train
That there was msufficient strength in the spiking to mamntain
1a1ls Nos 2 and 3 in place against the outward thrust of the engine,
these and other rails displaced being outside ones of the curve
A\ conjectural explanation of the cause of mability to withstand
the thrust of the engme 15 the probability that the tiack had been
shimmed at this pomnt and the holding power of the spilkes imparred
both against adhesive 1esistance 1n diawing from the ties, and fo
spilces on the outside of the rail, a loss 1n resistance against being bent
outward The flange wear on the head of the outer rail of the cuive
showed the effect of the outward thrusts of the trains
Derailments of tlus kind emphasize the need of defimte information
on the magnitude of the stresses under different cucumstances 1n
the outer 1a1ls of curves caused by train loads

Respectfully submitted
Jaxes B How rp

Enguneer -Physicist



