
I N T E R S T A T E C O M M E R C E C O M M I S S I O N 

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 

SiprFiiBEE 11, 1926 

To tlie Commission 
On Apn l 8, 192b, theie was a deiailment of a passengei tiam on 

the Pennsylvania Railioacl neai Delan Junction, X J , which le-
sulted in the death of 1 passengei and 2 employees, and the injmv 
of 170 passengeis and 1 employee The mi estigation of thib acci­
dent was made in conjunction with tlie i epiesentatives ot the ><ew 
Jeisey Boaid of Puhhc Utility Commissioneis 

LOC U I O X A X D 1 I L 1 H O D O F O P H i i l l O X 

This accident occuned upon what is known as the M o m s bianch 
oi the Camden teimmal division, a single tiack line extending 
between MB block station on the Tienton dmsion, and D Y block 
station, on the Atlantic division a distance oi 0 76 mile, tiain move­
ments being governed by mteilockmg signals The dnection of this 
bianch is noith and south, and tlie accident occuned neai its south­
ern end wheie it connects with the tiacks of the Atlantic clmsion 
Appio.ichmg this point l iom the noith theie is a shoit tangent a 
cuive to the light and then a cui\e ot 12° 30' to the left to the 
connection with the Atlantic dmsion tiacks The giade is 0 8 pei 
cent ascending foi southbound tiams until the last-mentioned tune 
is leached and is then 2 pei cent ascending 

This tiack is laid with 100-pound iails which aie 60 feet in length 
with the exception of one 30-foot iail on the high side of the cune, 
with an aveiage of 32 tieated ties to each GO-foot iail length The 
tiack is fully tie-plated, double-spiked on the inside and smglc-
spikcd on the outside, and is lemioicecl with six lion tie-iods ioi 
each t>0-foot iail length is ballasted with cindeis On the cui ie 
the gauge is maintained at 4 fect 9 inches and the supei ele^ ation at 
3% inches 

The weathei was cleai at the time oi the accident, which occuned 
at about 5 28 p m 
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Southbound passengei tiam Xo 1077 consisted ot nine Pullman 
cais, hauled by engine 51 and was in chaige of Conductoi Fa^ei 
and Engineman O'Connoi It parsed M B block station at 5 27 p m 
about 12 minutes late, entei ed on the M o m s bianch, and w as dei ailed 
about 1 minute latei while tiaxeling at a speed vanouslv esti­
mated by the employees to have been riom 30 to 45 miles an houi 

T lie engine and fiist fom cais weie entnely deiailecl the engine 
coming to lest on its light side on the outside of the cui\e about 120 
ieet beyond the point of deiailment The hist cai m tlie tiain a 
eteel-unclei fianie cai with a wooden supeistiuctuie sheathed witu 
steel, had its supeistiuctuie neaih demolished The second cai 
was paitly oieitiuned, while the head end of the thud cai came to 
lest about opposite the head end of the engine, tlie supeistt uctuie-
of these two cais weie consuleiablj damaged The employees killed 
weie the engineman and fiieman 

s r a n i i E Y or E I I D K X C E 

Conductoi Kasei said he was lidmg m tho fomth cai of the 
ham at the time of the accident and that the hist knowledge he 
had ot an3rthmg wiong was when the cai gave a luich at the time 
thr dei ailment occuned He did not think the speed was evcessne 
saying it was about 30 miles an houi and that it was necessaiy to 
nm at that speed, consideimg the si?e of the tiam and tj pe of engine 
m oiclei to leach the tiacks of the Atlantic dmsion without stalling 
Conductoi Fasei did not make any examination of the ti ack aftei 
the accident Baggagemastei Lombeik estimated the speeel to lune 
been 30 oi 35 miles an houi when passing MB block station, which 
he thought wTas about the usual speed and he did not think this 
late of speed was changed between that point and the point of 
deiailment The statements of Biakeman Smisi bi ought out no 
additional facts ot impoitance 

Opeiatoi (dieen, on duty at MB block station, said that tiams 
usually obsencd the speeel icstiiction ot 30 miles an houi thiough 
the ciossovei leading fiom the Tienton division to the MOJ ns bianch 
but he estimated the speed of tiam Xo 1077 while making tlu*: 
mov cment to have been at least 45 miles an houi 

Opeiatoi Banei, on duty at D Y block station said Opeiatoi 
Grieen lepoiled tiam Xo 1077 as passing MB block station and that 
he was watching foi it as it appioachecl Just aftei it passed o\ei 
a ciossing known as De Rousse Avenue the head end of the engine 
seemed to dip downwaid while the leai end seemed to lai^e upwaid 
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lie at once began to summon assistance and did not obseive die dc-
laiJment ot the balance of the tiain Opeiatoi Eauei thought tiam 
Xo 1077 had consumed about the usual 1 mining tune fiom MI ' 
block nation to the point of deiailment aiicl estimated its speeel at 
the time of deiailment to have been about -iO miles an houi 

Section Foieman (Sambucci, m chaige oi the section on which the 
accident occuned said that his attention was clnected to the tiam 
In the way the engine was woikmg steam, that he was watching 
the tiam wdien the accident occuned, and that the engine was the 
hi^t to be cleiailed 

Supeivisoi of Tiack Heyl said he 1 cached the scene of the accident 
about 20 oi 25 minutes attei its occunence and made an examination 
of the tiack befoie am ol the equipment had been moved The 
fii'-t maiks appealed on the outside of the high iail, but he was 
unable to sav w hethei they weie wheel maiks 01 whcthei they had 
been made bv. something cliagging, these weie on the noith side 
ol tlie De Kousse Avenue ciossmg On the south side of the 
ciossmg he found a bioken iail on the high side of the cuive, this 
being the 30-ioot iail, and fiom that point southwaid tho tiack was 
quite badly toin up He found no maiks on the ties 01 loadbecl noith 
ot the bioken iail with the exception of those pieviously mentioned, 
and these he succeeded m tiacmg to wheie the leai end of the 
second cai came to lest The bieak in the 30-foot iail was located 
at a point 29 1/. ieet south of the load ciossmg and 3 feet 10 inches 
tiom tlie leaung end of the iail Theie was also anothei bieak 
m this iail about 6 inches fiom its leaving end Mi Heyl also found 
that the next 1 ail to the south on the high side of the cuive had 
been bioken m two place- but these bleaks appaiently had been 
clue to the occuuence ol the accident and he said he thought the 
deiailment occuned at tlie bie.dc in the 30-foot iail located 3 feet 
10 inches fiom its leav mg end 

The commission s mspcctois made a caicful examination of the 
tiack at the point of accident and of the bioken iails involved, and 
also caiefnlh, examined the engine and clei ailed cais The evidence 
as a whole indicated that the accident was clue to a bioken iail 
and an examination foi the pin pose of asccitammg the leason foi the 
failuie ot the iail was made by Mi James E Hovvaid, engineei 
plnsicist whose lepoit immediately follows 

MJ'Olll Ol 1111 rXGIXM'H-PHYSKlSl 

The deiailment of tiam Xo 1077, neai Delau Junction X J , on 
A p n l 8 192(> w as due to a bioken iail, the high I ail of a 121/,° cuiv e 
The fiactuie which appealed to piecipitate the deiailment W r S at 
the leaving end of a 100-pound iail lolled by the Cambiia Steel 
Co and biandccl " Cambua 100 lbs Xo 520 1902 I I I I I ' 
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Theie was a pieexisting bolt-hole fiactuic in tins end of the lail 
•uhich sepaiated the web, extending fiom the end of the lail to the 
second bolt hole This fiactuie bif moated between the hist and 
second bolt holes, the blanches of which extended obliquely npwaid 
and downward, iespectn ely, and thus effected the complete fiactuie 
of the lail This extension of the pieexisting bolt-bole fiactiue in 
i.Inch the entue oioss section of the lail was bioken and a piece of 
the head detached, is helmed to ha\c been the immediate cause of 
the accident 

Theie v,ere otlici fiactmes m this lail and in the next one beyond 
which weie incident to the ciicumstances attending the deiailment 

The continuity of the tiack was mtemipted and a gap 0 inches 
long made by a fiagincnt of the head of the lail being detached 
dnectly ovei the pieexistmg bolt-hole fiactuie In the loimation 
of this gap in the tiack it is believed that two tiams weie involved— 
extia No 3740, nhieh pieceded No 1077 nine minutes, and the 
deiailecl tiain All the evidence available snppoits this explanation 
of the pioximate cause of the accident The chaiactei of the fiac­
tiue "uas sucli that the clectuc-signal ciicmt was not affected by it, 
the bond wues spanning the gap 

Befoie enteimg upon a detailed description of the iiactuies dis­
played by the t\io la i ls imohed in this accident lefeience Mill be 
made to events which tianspned at the time of the deiailment, as 
they -weie established by the testimony of witnesses 

The speed of the deiailod tiam v,as the subject of eailv consideia-
tion The conductoi of the tiain and the opeiatoi of D Y towei 
both estimated the speed at 30 miles pei horn The conductoi noted 
the speed of his tiain shoitly befoie the deiailment, and the opeiatoi 
at D Y towci noted its speed fi oni a distance of about 700 feet He 
was looking foi the appioadi of the tram, saw it entei upon the 
1 2 ^ ° onive, and noted the peculiai behavioi of the engine, its 
downwaid pitch, m the eailv stages of the deiailment 

The position of the engine attei the deiailment leads to the mfei-
ence that the tiain had not been moving at a high late of speed It 
fame to lest 120 feet tiom the point of deiailment Even m this 
shoi t distance it was m pait impelled by the momentum of the tiain 
The battel nig impulse ^luch it leccned TWIS shown by the buckled 
plates of the leai end oi the tendei It was stated that a speed of 
about 30 miles pei horn «as necessaiy at times to avoid stalling the 
tiain on the cunc Appaicntly the engineiuan ivas maintaining 
substantially that :ate of speed at the time of the deiailment 

The Cambna lail displayed a composite fiactuie, 3 feet 10 inches 
fiom its leaimg end Tins fiactuie was examined by the supeivi'-oi 
of tiack, who anived on the scene about 20 to 25 minutes aftei the 
accident occuiicd, and descubed it as new and bught 
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The tiack stmctme of this uiive was of supenoi constiuction 
Excepting the- bolt-hole fiactuie, it offeied no explanation foi the 
deiailment Bolt-hole fiactuies aie piogiessive the lesult of 
successive blows ot the web of the iail against the shanks of the 
tiack bolts High speeds intensity tiack stiesses m geneial Bolt-
hole fiactuies aie not specially influenced by them 

The downwaid plunge of the engine of tiam No 1077, -witnessed 
by the opeiatoi at D Y towei, is significant It is taken to indicate 
the bicakmg down of an alieadv -weakened tiack Theie weie 
oblique maiks acioss the heads of the adjacent iails at the 6-mch 
gap, with a batteimg effect on the icceiimg end of the second iail 
These maiks weie distinct, but not deep They weic tangent to 
the cuivatme of the tiack, and weie doubtless made befoie the 
during wheels of the deiailed engine leached the gap, fixing then 
foimation upon the pony tiuck of the engine 

It is highly piobable that tiam, e\tia 3740, which passed ovei 
the track nine minutes beloie tiain 1077 completed tho fiactuie 
of the Canibua I ail, but left the 6-mch piece of the head in place 
between the splice bais, and which was joggled out on the appioach 
of the deiailed tiam, thus piecipitatmg the accident Tn leaimg 
the tiack the deiailed tiam bioke the Canibua iail 3 feet 10 inches 
fiom its leaung end and bent and bioke the iail next beyond at 
its ieceivmg end Thiough this opening the tiam left the tiack 
teaung up about 120 feet of it With the exception of the bolt-hole 
fiactuie and its bifiuicated extension, it is belieied that all othei 
fiactuies weie seconclaiy m then occunence and incident to the 
ciicumstances attending the deiailment 

The Cambiia iail, a Bessemei iail had the following chemical 
composition 

Cai lion Man Silicon Sulpllm pnoi us 

0 location 
M location _ 

0 580 0 
01 

0 OaG 
05(1 

0 060 
047 

0 100 
0»2 

A sulphm punt showed unifoim metal thioughout its cioss sec­
tion Its miciostiuctuie exhibited well-defined peaibte giains with 
boundaiies of feintc—noimal stiuetiiie foi steel of its composition 
This iail had a length of 30 feet Othei iails of the cuive wTeie 60 
feet long each The Canibua iail was cut to this «hoitei length to 
accommodate an insulated joint foi signal pmposes 

The next iail beyond the Cambna iail was rolled by the Penns\l-
vania Steel Co m 1897, and w as bianrled ' 9 6 1* S Co 97" This 
and othei iails in the ncinitv weie lelaid m 1921 
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I1 if) me Xo 2 shows the appeal ance of the leaving end of tlie 
Cambna iail and the leceivmg end ot the P S Co iail A bolt-
hole fiactuie had sepaiated the metal of the web of the Cambna iail 
on each side of the hist bolt hole This pait of the fiactuie was 
ot eailiei oiigm It piesented a daikened and somewhat batteied 
'-uifaco The iiactme bituicated between tlie bolt hole1- with 
blanches extending upwaid ami downwaid lespectn eli., thus com­
pleting the liactiue ot the 1 ail The sulfates ot these blanches 
showed fiesh bleaks Then foimation is attnbutecl to the tiam 
which immediately jneceded tiain Xo 1077 

v. hue tiack will be noticed extending obliquely clownwaid fiom 
the loot of the bifuicated fiactuie to the second bolt hole This 
tiack fmthei indicated the existence of a fiactuie m the web pnoi 
to the piesent accident Xo foite acting simultaneous with 01 Mib-
sequent to that which caused the bifuicated fiactuie can be con­
ceived which would account foi the piesence of this fine ciack 

The 6-mch gap in the tiack is also indicated bv Figuie Xo 2 
The fiagment which filled the gap was not lecovcietl Oblique 
maiks, pieviouslv lcfeiied to, wTeie shown on the heads of ihese 
two iails, in alignment with each othei The leceiv mg end ot the 
P S Co iail was slightly batteied These maiks tangent to (he 
cmvatuie of the tiack, weie doubtless made In the clei ailed ti un 
and pnoi to the geneial bieakmg up of the tiack The 6-mch miss­
ing tiagment was doubtless knocked out oi joggled out of its pi ice 
just befoie the oblique maiks on the heads ot these iails weie made 

Figuie Xo A lllustiates a pecuhai fiactuie which occui led y> feet 
10 inches fiom its leaving end A clescent-shapecl piece was de­
tached fiom the mnci flange of the base followed bv. an oblique 
fiactuie, oiigmatmg in the base which thente extended upwaid 
thiough the web and head This is the fiactuie which was desenbed 
as new and bnght by the supeivisoi of tiack 

The ciescenf-shaped fiactuie in plan was paiabolu, the vcitex 
being at the fillet of the web and the base ot the iail This base 
fiactuie had its ongin at the fillet extending downwaid to the nuclei -
suiface of the base The oblique fiactuie which extended fiom 
bottom to top ot the iail, oiigmated in the base about 1 inch fiom 
the veitex of the cicscent-shaped fiagment Fiom its point ot in­
ception it tiavcled outwaidly to the edge of the outei flange ot the 
base, and also upwaidly thiough the web and head In point of 
tunc this pait ot the composite fiactuie took place aftei the ciescent-
diapecl bieak 

This composite fiactuie as a wdiole is attnbutecl to conditions 
which pievailed dining the penod of deiailment of tiam Xo 1077 
X'onnal tiack stiesses aie negligible factois m stiaming the inside 
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fillet ot the base, eliminating fiom consuleiation antecedent stiams 
as having an influence on the foimation of this cicscent-shaped 
fiactuie The oblique upwaid fiacluie thiough the balance of 
the cioss section of the iail had its ongm neai the lowei suiface 
of the base and at the suiface of the ci escent-sbaped liachne 
This was a tension fiactuie, necessitating the pnoi foimation of 
the descent-shaped bieak to furnish oppoitunity foi the locus of 
its nucleus 

Theie was a specimen sawed out neai the base of the iail foi 
micioseopic examination Nonnal stiuctme was shown in the metal 
Theie was a minute slag stieak in tho ncmity of the fiactuie not 
a mattei of uncommon occunence, noi appieeiably influencing its 
foimation The iail was burnt with a toich close by tins composite 
fiactuie in dealing the tiack foi tiafhc 

Figuie No 4- is an end view of the composite fiactuie, showing 
pait of the suiface ot the descent-shaped bieak and the suiface 
of the oblique fiactuie The nucleus of the lattei is indicated by 
a siai on the cut 

Stiam gauge measuiements weie made on the intact iail neai 
the composite fiactuie to asceitam whethei internal stiains ot ex­
ceptional magnitude weie piesent 01 in any mannei accountable 
loi this fiactuie The stiesses conesponebng to tho measuied 
stiains weie 9,000 and 10,200 pounds pei squaie inch compiession 
m the flanges ot the base and 5 400 pounds pei squaie inch tension 
along the middle of the width of the base The total langc in plus 
and minus duections was theiefoie f.1,000 pounds pei squaie inch, 
not an excessiie lange in cooling stiains 

Figuie No 5 shows the base of the Cambiia iail, neai its leaimg 
end as it appealed aftei pickling in hot hydiochlonc acid Longi­
tudinal suiface seams weie levealecl b\ the pickling bath rI hey 
weie ol shallow depth and piacticaHy effaced bv abiasi\e action 
wheie the iail letted on a tie plate Suiface seam^ m the base lead 
to the foimation of descent-shaped fiagmcnts, the ongms ot which 
aie at the '-earns Such fiactuies commonly extend along the seam1-
loi a distance befoie deflecting tow aid the edges of the flanges of 
the i ails 

The diffeicnce in theniannci of foimation of an oichnan r ciescent-
shaped fiactuie and that pait ot the composite fiactuie exhibited by 
the Cambiia iail, 3 feet 40 inches fiom its leaving end, will be 
lecogmzed The oiclmaiy fiactuie of this type has its ongm at 
the lowei side of the base, and induced by a longitudinal seam which 
it geneially follows foi a few inches, the seam being easily lecog-
ni/ed The ciescent-shapecl fiactuie of tho Cambiia iail had its 
ongm in the fillet on the uppei side of the base Suiface seams aie 
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not found m the fillets ot a iail, and none was piesent in the Cambna 
iail A miciostopic slag stieak was found in tlie vicinity of the 
fiactuie, but cleaily had no 1 elation to its foiination Atmute slag 
globules have been found in huge numbeis in diffeient jiaits ot an 
mgot, which in the fabncation of the iails aie diavvn out into acieu-
lai seams They have a ielation to split heads 

A scmiciiculai notch will be noted m one coinei oi the base of 
the iail lllustiated by Figuie Xo 5 This lepiesents a chilled hole, 
one-quaifei inch diametei, neai the edge of the flange, appaiently 
intended to leceive a bond wiie foi signal pmpoces It chanced that 
this section foi pickling was sawed off midway this chilled hole 

A dulled hole neai the edge of the ilange is a menace to the 
mtegnty of the iail A fiactuied l ail came to notice, caused bj the 
piesence oi a dulled hole in the edge oi the flange a counteipait 
oi the hole heie lllustiated It so chanced that the iail one of 
85 pounds section, fiactuied befoie the eye of an obsenei The 
fnctuie appealed to happen undei the last cai and last tiuck of the 
tiam Dangei lmks in such iails 

The P S Co iail ne\t beyond the Cambna iail exhibited two 
fiactnics each stalling in the base at tlie edge of the msule flange, 
also a thud fiactuie which staited at the top of the head This iail 
was tinned bottom side up dining the penod of the deiailment, 
doubtless accounting foi these two tjpes of niptuie It was bent 
mwaicl to a shaip degiee of euivatme and a pait of the inside flange 
ot the base sheaied off and bent still fuithei inwaid This iail was 
jammed unclei the foiiith cai of the tiain and cut apait with a 
toich to pei nut its ienioy.il 

In conclusion it is believed that the deiailment of tiam Xo 1077 
was caused by a gap in the tiack, m the high iail of a IS1/*0 cuive, 
th' gap lesultmg fiom a piecxisting boltdiole fiactuie which theie­
foie was the pinnaiy cause of the accident 

su.vm ART 

Two iails weie fiactuied at the time of the deiailment of tiam 
Xo 1077 each of which displayed fealuies of unusual chaiactei 
A caiciul investigation was made to deteinnne whethei the physical 
pioperties of the iails weie lesponsible foi the display of those tea-
tines and theiefoie the immediate cause oi the accident oi whethei 
thev lepiesented scconchuv effects, incident to conditions attending 
the deiailment, the lattei appaiently being the case 

The Cambna iail, at its leaving end, had a pieexistmg bolt-hole 
fiactuie, which eaily in the investigation seemed to be the p i imaiA 

cause of the accident The final summation of all available ev i-
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dence confiimed the eailv mfcience The peculiai composite fI ac-
tuie exhibited by the Cambiia lail ^as not the lesnlt ot unusual 
physical piopeities but attubutable to sties^es lecened timing the 
P E I T O D of deiailmenl The P S Co iail ^as oi eiLmnetl and liac-
tuicd m a tliffeient niannei than would occiu undei noiinal tiack 
stiesses 

Theie i\as a gap made in the tiack, 0 inches long, in consequence 
ot a piece oi the Cambna I nil being cletat heel at the bolt-hole 
fiaitme This gap in the tiack was cleaily lcsponsible ioi the 
deiailinent, thus placing lespon&ibility foi the accident on the bolt-
hole fiactme 

Evidence piesented led to Lhe mfeience that the gap in the tiack 
^as uitiially caused bv the tiain which piececled the cleiailed one 
The cnd& ot the lails between bond wiies lepiesent unpioLectetl 
paits of the tiack, hence no raining signal was gnen of the dan-
getous condition of the tiack It is imdeistood that attention is 
being gnen the mattei oi bonding and it is expected that an 
niipioicd method will be adopted which will piacticallv eliminate 
the dangei /one which commonly exists 

Respectfully submitted 
W P BOELVXD Utiecto' 







FIGS Cambiia 1903 rail Composite futt iue J feet 10 inches from leading end Credent shiprrt f i w r t ilrtwhcfl How mnra 
of bi>e Obhqiie fruruw, oriffinihn^ in bise, c - x t p n r t u i , , «im ir«l thr0iia]i W P b mil Jioid P nl buiiil bj Loich aitei tin luidait Sample 

f o i m i c T Q s t i u t t i i T e t iktn lLom bifci. 
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Titr 4—Oamlnn 100J n i l End ^iew of. fisictuiert txufice 3 feet 10 inches from 
leiiing end feho>\inK pirt of tiest mit shfijpert fi acinic and feiiifite of oblique 
tL i ( tu ic oii*,]nUmt, at middle of vidtli of b\sf, tlicnro e x k i n l m g outwaid and 
tiyf lTid, completing the Ci ictiue ol lhe n i l 




