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INTERSTATE COMMERCE COMMISSION

REPORT OF THE DIRECTOR OF THE BUREAU OF SAFETY IN RE
INVESTIGATION OF AN ACCIDENT WHICH OCCURRED ON THE
PENNSYLVANIA RAILROAD NEAR DELAIR JUNCTION, N J, ON
APRIL 8, 1926

SrPrrasrr 11, 1926

T'o the Commnusson

On Apiil 8, 1926, there was a derailment of a passenger tiain on
the Pennsylvania Railroad near Delan Junction, N J, which 1e-
sultedd 1n the death of 1 pas<enger and 2 employees, and the mjuy
of 170 1.assengers and 1 employee  The mvestigation of this acer-
dent was made 1n conjunction with the 1epresentatives of the New
Jetsey Board of Pubhic Utihity Commissioners

LOC VIION AND AILIHOD OF OPFRALITON

This accrdent occuried upon what 15 known as the Moiris branch
ol the Camden teinnnal division, a «ingle-tiack line exlending
between MB block station on the Tienton chvisien, and DY block
station, on the Atlantic division a distance ol 076 mile, tiain move-
ments being governed by inteilocking signals  The diection of ths
branch 1 noith and south, and the accident occulied near 1ts south-
ern end wheie 1t connects with the tracks ot the Atlantic division
Approaching this point {1om the north theie 15 a short tangent a
curve to the 116ht and then a cuve of 12° 30 to the left to the
connection with the Atlantic division tracks  The grade 15 08 per
cent ascending for southbound framns until the last-mentioned cmve
15 1eached and 1s then 2 per cent ascending

Thus track 15 laid with 100-pound 1a1ls which are 60 feet 1n length
with the exception of one 30-foot 121l on the high sule of the cuiie,
with an average of 32 tieated ties 1o each 60-foot rail length The
fracle 15 Tully tie-plated, double-spiled on the im<ide and <ingle-
spiked on the outewde, and 15 1emtorced with <1v 1on tie-1ods 1o
each 60-foot 1a1l length 15 ballasted with cindeis  On the cuive
the gauge 15 mamntaned at 4 feet 9 1nches and the supereleration at
314 mches

The weather was clear at the time ol the aceident, which occnrted
at about 328 p m
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Southbound passenger (1am No 1077 copsistecdd of nmine Pulliman
cars, hauled by engme 31 and was mn chaige of Conductor Fa-cr
and Engineman O’Connor Tt passed MDB block station at 527 p m
about 12 minutes late, entered on the Moriis branch, and was derated
about 1 munute later while tiavelmg at a speed variomsly e-tr-
mated by the employees to have been fiom 30 1o 43 miles an how

The engine and fiist fowr cars were entuely deraled the engine
conung to 1est on 1ts 11ght <ide on the outside of the culyve about 120
feet beyond the pomnt of derahment The fust car 10 the tiam a
steel-under frame car with a wooden superstiiictuie sheathed wiln
steel, had 1ts supeistiuctwie newrls demolished  The second ca
was partly overturned, while the head end of the thnd car came to
test about opposite the head end of the engine, the superstructures
of these two caus vwere considerably damaged  The employees killed
were the engimeman and fiteman

STANARY OI' TYVIDEXNCE

Conductor Faser saicl he was niding 1 the fouth car of the
tram at the time of the acudent and that the fust knowledge he
had ot anything wiong was when the car gave a luich at the e
the dexratlment occurred He cid not think the speed was excesaive
saving 1t was aboul 30 nules an hom and that 1t was necessmy to
run at that speed, considernp the s1ze of the tiain and ty pe of engine
m order to 1each the tracks of the Allantic division without stalling
Conductoy Faser did not make any evamuination of the tiack after
the aceident  Bapgagemaster Lowmberk estumated the speed to hase
been 30 o1 35 miles an howr when passing MB block station, which
he thought was about the usual speed and he did not thmk il
rate of speed was changed between that pomnt and the pomt of
derailment  The statements of Diakeman Sims biought out no
additional facts of 1mpoitance

Opetator Gheen, on duty at DI block station, saud that trams<
ustally observed the speed restiiction of 30 males an hom thiough
the crossovel leadimg t1om the Tienton division to the Moitis bianch
but he estimated the speed of train Ne 1077 while makmg s
moy ement to have been at least 43 mules an how

Operator Bauer, on duty at DY Dblock station sawd Operator
Gieen teported ttaan No 1077 as passing MI block station and that
he was watching fo1r at as 1t approached  Just after 1t passed over
a vrossing known as De Rousse Avenue the head end of the engine
seemed to dip downward while the 1ea1 end seemed Lo 1ar-e upward
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Le at once began to summon assistance and dud not observe the de-
1avment ot the balance of the tain  Operator Bauer thought tran
No 1077 had consnmed abont the usual runnimg tnne fiom MDB
blucke slation to the point of deraillment and estimated its «peed at
the time ol deratlment to have been about 30 nules an hom

Sectmon Foreman Sambuccl, i chiaige ol the section on wlich the
accadent occurred sard that his attention was diected to the Lram
by the way the engine was woirlang stean, that he was watching
the tiain when the aceudent oceurled, and that the engine was the
first to be cerailed

Supervisor of Traclk Heyl said lie 1eached the scene of the accident
about 20 o1 25 minutes atfter 1t occmrrence and made an exanunation
ot the track before any ot the equpment had been moved The
firct maiks appeated on the outside of the high aail, but he was
nnable to say whether they were wheel maiks o1 whether they had
been made by sometlhing diapging, these weie on the nortl sule
ol the De Rousse Mvenue ciossing  Oun the south side of the
crossing he tound a broken 141l on the high <ide ot the curve, this
bemmg the 30-1o0t 1a1l, and t1om that point southwaid the track was
guite badly toin up  He found no maiks on the ties ot 10adbed noith
ot the broken 1a1l with the excepiion of those previously mentioned,
ad these hie snceeeded m tiacing o wheie the 1ear end of the
secomd car came to 1est  The Ineale in the 30-fool 1a1] was located
at a point 2914, {eet south of the 10ad crossing and 3 feet 10 mches
triom the leaving end of the 1a1l  Theie was also another bicalk
i this 1ail about 6 inches from its leaving end Mo Heyl also found
that the next 1ail to the south on the high side of the cuive had
been bicken 1 two place~ but these beals appalently had been
due to the occuitence ot the aceident and he sawdl he thought the
detathient occmred at the break mn the 30-foot 1a1l located & feet
10 1nches f1om 1ls leaving end

The commuission s mspectors made a careful examination of the
track at the pomnt of aceident and of the broken 1ails invelved, and
also carefully examed the engime and derailed ca1s  The evidence
as a whole mdicated that the accdent was due to a Inoken rail
and an exanunation 1o1 the puipose of ascertamng the 1eason fou the
failme of the 1a1] was made by M1 James T Howaid, engineem
plivsicist whose 1eport nnmediaiely follows

LEPONL O1 11IT TNGINTDIR-PHYS1LC1S8T

The derailment ot (ramn No 1077, neax Delanr Junctron N J, on
Apuil 8 1926 was due to 4 bioken 1a1l, the high 1a1] of a 1215° cutve
The fracture yelhiech appeared to precipitate the deratlment w.s at
the leaving end of a 100-pound 1ail 1olled by the Cambiia Steel
Co and branded “ Cambnia 100 Ibs No 320 1902 TI1IT °
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There was a preexisting holt-hole fiactine m this end of the 1a1l
which sepaiated the weh, extendimg fiom the end of the 1a1l to the
second bolt hole  This fiactme bifurcated between the st and
second holt holes, the branches of which extended obliquely npward
and downward, respectiyely, and thus effected the complete {iacture
of the 1a1l  This extension of the preexisting bolt-hole fiacture in
which the entne c1oss section of the 1a1l was broken and a piece of
the head detached, 15 believed to have been the immediate cause of
the acecident

There were other fractures i this 1a1l and 1n the next one beyond
which wete madent to the cncumstances attending the derailment

The continuly of the tfiack was interiupted and a gap 6 inches
long made by a tiagment of the head of the 1ail being detached
dnectly over the preexisting bolt-hole fiacture In the formation
of this gap 1n the track 1t 15 believed that two tiains weie involved—
extia No 3740, which preceded Ne 1077 nmmme mnnutes, and the
derailed train  All the evidence available supports this explanation
of the proximate cause of the aceident The chavacter of the fiac-
tuie was such that the electiie-signal encut was not affected by 1t,
the bond wnes spanning the gap

Before entering upon a detailed descuiption of the Liactmes dis-
played by the two 1als miolved m this accrdent 1eference will be
made to events which tianspied at the fine of the derailment, as
they weie established by the testimony of witnesses

The speed of the derailed tiam was the subject of carlv considera-
twon  The conductor of the tiain and the operator of DY tower
both estimated the speed at 30 nules per hown  I'he condnctor noted
the speed of hus train shoitly befoire the derailment, and the operato
at DY towar noted its speed from o distance of about 700 feet Te
was looling for the approach of the train, saw 1t enter upon the
1214° cwive, and noted the peculial behavior of the engine, 1its
downward pitch, 1in the eatlv stages of the derailment

The position of the engine atier the derailment leads to the immfer-
ence that the tiain had not been moving at a high 1ate of speed It
came to 1est 120 feet trom the pomnt of deradment  ISven my thie
shoirt distance 1t was 1n part impelled by the momentum of the train
The hatteting impulse which 1t 1ecerved was shown by the bucklied
plates of the 1ea1 end of the tender It was <lated that a speed of
aboul 30 miles pe1 hom was necessa1y at tumes to avord stalling the
train on the cwive Apparently the engineman was maintaiming
gubstantially that 1ate of speed at the {ume of the derailment

The Cambiia 1ml displayed a composite fracture, 3 feet [0 mches
from 1its leaving end This fiactule was exanuned by the supeivicor
of tiaclk, who aiiived on the scenc abont 20 to 25 minutes after the
acerdent occmied, and deseribed 1f as new and biight
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The track stinctmie of this cnve was of superior constiuction
Kxceptmyg the bolt-hole fractuie, 1l offered no explanation for the
derailment DBolt-hole fiactures are progiessive  the 1esult of
successive blows of the web of the 1ail against the shanks of the
track bolts High speeds intensiiy tiack stiesses m genceial  Bolt-
hole fiactmies are not speaally influenced by them

The downwaird plunge of the engine of hhan No 1077, wilnessed
by the operator at DY tower, ts significant It 1 taken to indicate
the breaking down of an alieadv weakened tiack Theie wele
oblique matks acioss the heads of the adjacent 1a1ls at the 6-inch
gap, with a battering effect on the 1ecerving end of the second 1a1l
These marles were distinet, but not deep They weie tangent lo
the emvatwie of the tiack, and weie doubiless made before the
dirving wheels ol the derailed engine 1eached the pap, fining then
formation upon the pony tiuck of the engine

It 15 highly piobable that tiain, extia 3740, which passed over
the track nine minutes beloe tram 1077 completed the fraecluie
of the Cambira 1a1l, but lett the 6-inch piece of the head 1 place
between the splice bais, and which was joggled out on the approach
of the derailed tram, thus precipitating the accident Tn leaving
the tiack the derailed tram bioke the Cambiia 1a1l 3 feet 10 mmches
from 1ts leaving end and benl and noke the 1a1l next heyond at
its 1ecerving end  Thioupl thic opening the train left the tiack
tearing up about 120 teet of 1t With the exception of the bolt-hole
fiacture and 1ts bifiicated extension, 1t 15 believed that all olher
fractuies weie secondaiy 1n then ocaurence and inewdent to the
cucumstances attending the derailment

The Cambiia 1ail, a Bessemer 1a1l had the following chemical

composition

|
Man Phos
Carbon ! Lanese Silicon | Sulphu phoias
|
O loeation 0 589 0 9o 0 0al ‘ 0 050 0 100
M locahon ata 04 056 i 047 092
|

A sulphnr prnt showed uniform metal thioughout 1ts cross sec-
tion  Tts microstructuie exhibited well-defined pearlite grains with
boundalies of fernite—normal stiucture 101 steel of 1ts composition
This rail had a length of 30 feet Other 1211s of the curve were 60
feet long each The Cambria 1a1l was cut to this choiter length to
accommodate an insulated joint for <ignal puiposes

‘The next 181l beyond the Cambiia 1ail was rolled by the Pennsil-
vania Steel (‘o 1n 1897, and was bianded ¢ 96 I 8 Co 977 This
and othet ra1ls 1n the yvicimty weie 1elaid 1n 1921
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Iiguie No 2 shows the appewrance of the leaving end of the
Cambira ra1l and the receiving end of the P S Co 1ail A Dolt-
hole fractwie had separated the metal of the web ol the Cambiia 1a1l
on each gide of the fust bolt hole This pairt of the {iactie was
ot carlier or1gm Tt presented a darkened and <omewhat hattered
aarface  The fiactme Infumreated between the bolt holes with
b1anches extendimg upward and downward 1espectinely, thus com-
pleting the diactme of the 1a1l  The swifaces of these bianches
chowed fresh neaks Then formation s alluibuted to the tiam
nhich immediately preceded tiam No 1077

L fine crack will be noticed eatencing obhiquely downward from
the 100t of the bifuieated Liacture o the second bolt hole  This
aack further mdicated the existence of a fracture m the web prioy
to the present accideni  No force acting stmultaneous with or sub-
cequent. 1o that wlich caused the Infuicated fracture can be con-
caved which would account for the presence of this fine aadk

The G-mnch gap 1n the track 15 also indicated by Figme No 2
The fiagment wluch filled the gap was nol 1ecovered  Obhigue
matks, previously 1eferred to, were shown on the heads of these
iwo 1ails, 1n ahenment with each other  T'he 1ecenving end ot the
P8 Co a1l was shighily battered These matles tangent to the
cwvature of the {rack, weie doubtless made In the deratled 1rn
and prior to the general brealing up of the tiack  The 6-1incl me--
mg tragment was doubtless knocked out or joggled out of 1t~ plice
Just before the oblique maiks on the heads ot these 1a1ls were made

Figme No & illustiates a peculiar fracture which occwrred 3 Heet
10 inches from its leaving end .\ crescent-shaped prece wa~ de-
tached from the nner {lange of the base followed by an oblique
liacture, orrgmating 1 the base which thence extended upward
tlnough the web and head This 15 the fractwie windy was cde-ciibed
as new and braght by the supervisor of track

The crescent-shaped fiactuie m plan was parabolic, the veites
bemng at the fillet of the web and the base of the 1ail  This base
hractue had 1t or1gm at the fillet extending downward to the under-
curface of the base  The obhgue Tractine which extended from
hottom to top of the 1ail, oiginated i the hase about L mch tiom
the vertex of the erescent-shaped fragment  IFrom ats pomnt of -
ceplion 1t traveled ontwardly to the cdge of the outer flange of the
hase, and also upwardly thiough the web and head In pomt of
tune this pait ot the composite fractuie took place after the aescent-
<haped heak

This composite fractuie as a whole 15 attubuted to conditions
which prevailed dunng the period of derailment of fiain No 1077
Noimal tiack stiesses are neghigible factors 1n stiaiming the msice
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fillet ot the base, chinunating fiom consideration antecedent stiaims
as haimg an mfluence on the {ormation of this erescent-shaped
Liactme  The obligue upward fiactwe thiough the balance of
the c10%s section of the 1a1l had 1ls o1gin near the lower suiface
of the base and at the swiace of the erescent-shaped fractuie
This was a tension fizcture, necessitating the pror foomation of
the cescent-shaped break to furnish opportamity for the locns of
165 nuclens

There was a speetmen sawed out near the base ol the 1a1l fou
micioscopic exanination  Noimal stiuctuie was shown in the metal
Thete was a minute slag otieal m the vicmity of the fractine not
a matter of uncommon occullence, nor apprectably mfluencing 1its
iormation  The a1l was burnt with a terch close by this composite
fracture 1n clearing the tiack for {1athe

T'igure No 4 15 an end view of the composite hactwe, showing
part ot the suiface ot the crescent-shaped bieak and the suilace
ot the oblique tracture  The nueleus ol the latter 15 indicated by
4 star on the cut

Stram gange measuremenis weie made on the intact r1ail neay
the composite fiactme to ascertain whether mteinal stisins ot ex-
ceptional magnitude wele present o1 1 any manner accountable
for tlus dractme  The stiesses corresponding to the measuied
sttains wele 9,000 and 10,200 pounds per squaie mch compression
i the flanges ot the base and 3400 pounds per squate 1nch tension
along the middle of the width ot the base The total 1ange n plus
and nunus duections was therelore 15,000 pounds per squate inch,
nob an excessnve range 1 cooling stiains

Figwe No 5 shows the base ol the Clambiia rail, near 1ts leaving
erl as 1t appeated after prckbng in hot hydiochlonic acid  Longi-
tudimal smiface seams were revedled by the prkhing bath  They
wele ol shallow depth and practically effaced bv abrasnve action
where the 1a1] rested on a tie plate Suitace seame m the base lead
to the tormation of ciesceni-shaped {rapgments, the onrgims ot which
are at the <eams Such fractmes commonly extend along the =eams
{01 a distance before deflecting toward the edges ol the flanges of
the 1l

The difference 1in the manner of formation of an ordinary erescent-
shaped fiacture and that pait ot the composite fracture exhibited by
the Cambiia 1ail, J feel 10 inches trom 1ts leaving end, will be
recognized  The ordinary fiactme ot this {ype has its origin at
the lower sicdde of the base, and induced by a longitudinal seam which
it generally follows for a few inches, the seam bemng easly 1ecop-
nized  The @escent-shaped fractwe of the Cambiia rail had its
otigin in the fillet on the upper side of the bace  Smiface seams are

Lot
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not tound m the fillets of a 1a1l, and none was present in the Cambiia
1l A mucroscopie slag stieak was found i the sicmitv of the
fractwie, but clearly had no 1elation to 1ts formation  Minute slag
globules have been found wn large numbers m different pats ol an
mgot, which m the fabiication of the r1ails are diann out mnto acicu-
lar seams  They have a velation to split heads

A semiencolar notch will be noted 1m one coiner of the base of
the ra1l illustiated by Figuie No 5 This 1epresents a duilled hole,
one-quailer inch diameter, near the edge of the flange, appaiently
mtended to recerve 4 bond wne for aignal pupozes It chanced that
this cection for prckling was sawed off nudwav this dulled hole

A dulled hole neay the edge of the flange 15 a menace to the
mteprity of the tarl A fractmied 1a1] came to notice, cansed by the
presence ol a ditlled hole in the edge of the flanpe a counterpant
ol the hole heie 1llusliated Tt <o chanced that the ra1l one of
83 pounds section, tractured before the eye of an observer  The
fracture appeared Lo happen under the last car and last tiuck ol the
tiaim  Dangel Twls i suech 1a1ls

The P 8 Co 1ml next beyond the Cambria 1a1l exlulnted two
fractmes each stating in the hase at the edge of the inwide {lange,
also a thind fracture winch started at the top of the head This 1a11
was tuined bottom <ide up duting the penod of the derailment,
doubtless accounting for these two types of 1tuptie It was bent
mward to a shaip degree of cuivature and a part of the mside flange
ot the base sheared off and bent still further mward  This rail was
jammed nnder the fowth car of the tram and cut apart with a
torch to permut 1ts 1emoval

In conclusion 1t 15 beheved that the derailment of tram No 1077
was caused by a gap m the track, in the hagh 141l of a 1214° cuve,
the gap resulting from a precyasting bolt-hole friactine which there-
tore was the prumai v cauce of the accident

SUMMALY

Two 1als were hactnied at the tune of the derailment of tiain
Xo 1077 each of which displaved {eatwies of unusual chatacter
A careful investigation was made to deternune whether the phvsical
properties of Lthe 1a1ls were 1esponsible tor the display of those fea-
tmes and therefoe the munediate cause ot the acadent o1 whethel
thev 1epresented secondary effects, ineident to conditions attending
the detaylment, the latter apparently being the case

The Cambiia 1a1l, at 1ts leating end, had a preexisting bolt-hole
fractmre, which eatly 1n the mvestigation seemed to be the primary
cause of the acoident  The final summation of all avalable evi-
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dence confumed the early inference  The peculiar composite fiac-
tuie exhibited by the Cambiia 1a1]1 was not the resnlt of unnsual
physical properties but attiibutable to stresses 1ecerved dming the
peniod of dermilment The P 8 Co tail was overtoined and hiac-
tmred 1 a different manner than would occmr under normal tiack
stiosses

There was a gap made 1 the tiack, & inches long, 1 consequence
ot a piece ol the Cambiia 1a1] bemng detached at the boll-hole
fiactme This gap mn the tiack was cleaily 1esponsible tor the
derailment, thus plaung responsibility for the acadent on the bolt-
hole fractuie

Evidence presented led to the inference that the gap in the track
was wtnally cansed by the train which preceded the deradled one
The ends of the 1ails between bond wites 1epresent unprolected
paits of the track, hence no walmng signal was piven of the dan-

getous condition of the tiack It 15 undeistood that attention 1s
hemg gien the natter ol bonding and 1t 1s expected that an

maprosed method will be adopted wlhiel will practicallv ehminate
the danger sone which comumonly exists
Respectfully subnutted
W P Boruixn Dwector
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Fie 3 —Cambiza 1903 rail Composite fracture 3 feet 10 imches from leasing end  Crewcent sRaped fiigment det whed Biow ey fian,.
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