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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 
NEW YORK CENTRAL RAILROAD AT WATKINS GLEN, N. Y., ON 
MARCH 11, 1928 

JANUARY 3,1929. 
To the COMMISSION . 

On March 11, 1928, there was a derailment of a freight tram on 
the New York Central Railroad at Watkins Glen, N. Y , resulting 
in the death of two employees and the injury of one employee 

LOCATION AND METHOD OT OPERATION 
This accident occurred on the Fall Brook subdivision of the first 

district of the Pennsylvania division, extending between Corning and 
Lyons, N Y , a distance of 71 36 miles; in the vicinity of the point 
of accident this is a double-track line over which trains are operated 
by time-table, train oiders, and a manual block-signal system The 
first mark of derailment appeared on the northbound mam track at a 
point about 1,200 feet north of Watkins Glen passenger station; 
approaching this point from the south there is a 2° curve to the left 
1,613 feet in length and then the track is tangent for a distance of 
270 feet, the initial mark of derailment appearing on this tangent 
at a point about 183 feet from its southern end. The grade for north­
bound trains is 0 4108 per cent descending at the point where the 
first mark appeared The track is laid with 105-pound rails, bal­
lasted with rock, and maintained m good condition 

The weather was clear at the time of the accident, which occurred 
at about 8 28 a m 

DESCRIPTION 
Northbound freight tram CD-34 consisted of 87 cars and a caboose, 

hauled by engine 2794, and was in charge of Conductor Dean and 
Engmeman Straub This train passed Watkins Glen at 8 25 a m , 
according to the train sheet, and was derailed just beyond the sta­
tion while traveling at a speed estimated to have been about'20 or 
25 miles per hour, the derailment apparently being due to the break­
ing of a lower arch bar in the rear truck of the second car ahead of 
the caboose, Cambria & Indiana Railroad coal car 667. 
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That portion of the train ahead of the coal car involved was not 
derailed, and that particular car remained coupled to the forward 
portion of the tram and only its rear truck was derailed The last 
car m the tram and the caboose broke away from the rest of the train 
and were derailed to the east, the caboose coming to rest at a point 
about 1,000 feet north of where the first mark of derailment appeared, 
while the car came to rest at a point about 1,400 feet beyond the 
caboose The employees killed were the middle brakeman and the 
flagman, who were riding in the caboose at the time of the accident 

SUMMARY OF EVIDENCE 

The first mark of derailment appeared on the frog of a traihng-
pomt crossover, the mark being on the outside of the west rail of the 
northbound track. Apparently the wing of the frog was struck 
solidly by some heavy object, supposedly the truck of the car first to 
be derailed The truck seemed then to climb over the frog and strike 
the guard rail at the switch; the stock rail was turned over, and also 
the next rail beyond it, while the switch stand was broken due to 
the switch having been trailed through by the derailed equipment. 
Between this point and the point where the head portion of the train 
came to a stop, ties were marked, apparently by derailed wheels, and 
at another intervening crossover switch, a facing-pomt switch, the 
stock rail and wing of the frog were badly bent, as well as the switch 
points, apparently by the same equipment which caused the damage 
at the first crossover; this second crossover switch is located about 
2,200 feet north of the crossover switch first mentioned. Examination 
of the rear truck of Cambria & Indiana 667 showed a broken arch bar 
on the left side of the rear truck and the truck showed signs of 
having come in contact with the frogs and rails previously mentioned 

Conductor Dean stated that the first intimation he had of anything 
wrong was when the caboose reached the first crossover switch north 
of Watkins Glen passenger station, and he immediately applied the 
air brakes in emergency from the rear of the train; he estimated the 
speed of the tram at that time to have been about 20 or 25 miles per 
hour Engmeman Straub, Fireman "Anderson, and Head Brakeman 
Littlewood were unaware of anything wrong prior to the time the air 
brakes were applied from the rear; they estimated the speed of the 
train to have been about 25 miles per hour On going back from the 
engine after the accident Head Brakeman Littlewood saw the broken 
arch bar in the rear truck of the coal car involved. 

Car Inspectors Sebastian Root and Wendell Root had inspected 
train CD-34 in the yard at Corning Their inspection covered coup­
lers and attachments, grab irons, brake rigging, arch bars, etc. No 
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defective condition was discovered, however, so far as Cambria & 
Indiana 667 was concerned. 

The evidence having indicated that the accident was caused by a 
broken arch bar, an investigation into the reason for the failure of 
the arch bar was conducted by Mr James E Howard, engineer-
physicist, whose report immediately follows . 

REPORT OF THE ENGINEER-PHYSICIST 

The accident at Watkms Glen, N. Y , on March 11, 1928, m which 
freight tram CD-34 was involved, was due apparently to the frac­
ture of a lower arch bar in the rear truck of Cambria & Indiana 
Kailroad coal car No 667, the second car m front of the caboose 

Figure No 1 is a view of this car, with a new truck, after 
rerailing 

An incipient crack was subsequently found in the lower arch bar 
in one of the truck frames of the car next the caboose, Cambna & 
Indiana coal car No 622. 

Each of these arch bars was made of steel, 5 inches wide by l1/^ 
inches thick m cross section dimensions respectively. The fractures 
were progressive, originating at the upper outside corners of the 
bars directly under the edges of the column castings, at the angle 
made by the horizontal and diagonal parts of these members 

Figure No. 2 shows the appearance of the fractured surface 
of the bar from the truck of car No 667. At its deepest place the 
progressive fracture had reached to the middle of the thickness of the 
bar; crosswise to nearly its full width This part of the bar was dark 
colored, had a smooth surface with a rippled boundary, presenting 
the usual characteristics of a progressive fracture The portion of 
the bar which failed at the time of the accident was granular m 
appearance Approximately, one third of the cross section of the bar 
was separated by the progressive fracture. 

The fracture of each arch bar originated in its gross sectional 
area, and not where it was materially reduced by the presence of 
a column-casting bolt hole. 

The ages of these fractured bars are unknown Car No. 667 was 
built in the month of February, 1912 Presumably the bars were 
16 years old at the time of the accident 

These were 50-ton cars, which in service would usually carry full 
loads. Each truck frame, therefore, would be loaded, in round 
numbers, with 35,000 pounds. Subsequent tests on such frames 
showed a wide margin in strength between working loads and 
ultimate strength as determined under static conditions, and also 
an entirely different manner of fracture 
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Figuie No 3 shows the appeaiancc of the incipient fiactuie m 
the aich bar fiom cai No 622 Its piogiessive chaiacter is shown 
It began at the nppei comei of the bai, extended radially, and 
leached a depth of half the thickness of the bar when final luptuie 
occuned The final paiL was fine granulai, radiating fiom the 
piogiessive poition of the fractuie 

F I G U I C E 3—Incipient fiacture at coinei of steel aicli bir at cm No i>22 
The piesenco of an incipient fiactuie m a tiuck fiame affords 

a potential oppoitumty foi an accident 
Chemical analyses and tensile tests showed the metal of these 

two bais to be as follows 

Chemical composition 

Cnibon T\ [an 
ganese 

P i l O S 
phonic Sulphur S iheon 

Car No 667 
Outride . 
Center 

C ar No 622 
Outside . 
Center _ _ 

0 23 
24 
2-i 
28 

0 SO 
47 
36 
38 

0 024 025 
024 
02ft 

0 034 
030 
030 040 

0 035 
020 
013 
013 

Tensile tvsts 

1 icld 
point, 
pounds 
per 

square 
inch 

Tensile 
stiength, 
pounds 
per 

square-
inch 

llonga 
tion, 

per cent 
m 2 
inches 

Contrac 
lion ot 
men, 

per cent 

Cur No «G7 
Outside _ _ 
Center _ 

Car No 622 
Outside _ 
Centei _ _ _ 

32,170 
29 270 
34 070 31 7o0 

01 860 
57, 300 
SB 350 
63 410 

35 0 
36 0 
36 0 33 o 

60 5 02 5 
61 2 
SB 7 

Appearance of fiactmes, fine granulai 
The tensile test pieces weie taken out of the bars longitudinally 
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NOTE—r[he&e lesults aie lepoited in the usual mannei The yield point is 

m tlie iicunly of hut fconiewhat abo\e the elastic limit of the steel Values foi 
tensile ^tiengdi and coEtiaction of aiea fiio collect Those which pmpoit to 
indicate the elongation of the metal include local contiaetion at point of mptuie, 
hence pieseut fictitious lalues T\luoh haie no definite lclation to the ability 
of the metal to elongate undei lis own stiength 

The micicstiuclitie of the metal of the aich bais, 3 per cent mtiic-
alcohol etch, veitical illumination, 100 diameteis magnification, is 
shown by Figmes Nos 4 to 7, inclusive 

Theie nas no stiuctmal evidence of woik done duimg fabucation 
which would attach responsibility foi the fiactuie oi the bais, to 
eithei heat oi mechanical treatment 

The loAiei aich bai of the opposite fiamc in the tiuok oi cat No 
GG7 was examined This bai pioved to have been made ol wi ought 
non, and was cleaily of more leccnt fabncation than its steel com-
pamon, which failed The steel bai showed weai and abiasion at 
the column casting bolt holes, whereas the wiought-iion bai showed 
none 

Bending tests, in full cioss section, ^ c i c made with each bai 
They weie flattened at then bends ovei the axle box seats then 
ie\eising the bends The appealance oi the fiactuics thus made 
aie shewn by Figuie No 8 The wiought-iion bai was tough and 
fibious, the steel bai buttle "when the shams weie leveised The 
\MOiight-non bai, when pickled in hot hydiochlouc acid, displayed 
the chdiacteustic fibious appeal ance of that metal while the steel 
bai had a unifoim giay siuface Figuie No 9 shows the appeai-
ance of the bais, in cioss section, aftei pickling 

Static tests weie made on the veitical stiength of aich-bai iiames, 
thiongh the courtesy of the Gould Couplei Co , at Depew, N Y , on 
fiames furnished by the New Yoik Cential Railroad Co , descubed 
and with lesults as follows 

Weight 
Description or frame 

pounds 

Secondhand wrought steel arch bar truck frame 50 tons capacity t bv X inch bait 7o8 NeVi wiongllt nrm arch bar tiuck trame oO ton1; caiiacity ̂  In VA inch bais 799 
Old secondhand Haskell iS. Birkcr arch bai truck Inrno, i'A by ITS inch bars 

The mannei of failme was the same in each o i these fiames 
The aich bais remained intact Failure occmied by leason oi the 
sheanng of the axle-box bolts, the sheaimg planes being between 
the uppei and lowei aich bais 

file:///MOiight-non
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FiGUaE 5—Miciostiuetuie oi arch In cai COT inside IJugniflcitiou 
100 diametpis 
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1 iGUirn 7 - J tiaos tincture ot ntb liu en No 022, mside Miifciiifieitioti 
100 diametei-, 
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FIGUIIE 8—1'iactuies of flicli Mis of cu No BGT nfrei handing tests Steel liai 
on left of cut Iiom bar winch cuut.cd atcitlcm \\ ionBlif non bai on ufelit of 
cut, fiom opposite side of tiuck 

.•"•••Mr^f^i 

ItGLin 1—Appeoiance of iidi bias c ir No 0G7 aftei piekhng Uppei figiup 
of the cut, eioss section of «iouf,lit 11011 bin loftei flgmc of the cut ciosa 
section of stie] lmi 
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It was not appaient, fiom tiammcl leadings, taken immediately 
pi 101 to the shearing of the axle-box bolts, that the yield points of 
the bais was leached up to the time of ultimate stiength of the 
fiames The bolt holes in each bai weie peimanently elongated 
The sheaung oi the bolts lelieved the strains of completion and 
tension, lesiiectivcly, m the uppei and lowei arch bais wheieupon 
then ends slid past each othei, m the case of the new 50-ton iiame, a 
distance of 1 inch 

Figuie No 10 illustrates the appearance of the new 50-ton fiame 
aftei the test Tiammel measurements were made on the bais where 
tho gauged lengths 31, 32, and 33 weie indicated by chalk marks 

Tests were made on unit fiames, steel castings covered by New 
Yoik Cential Eailioad pattern F-6098, and the Goulcl Couplei Co's 
pattern TF-5077 The chemical composition of the metal in these 
fiames was as follows 

C irtion Manga nese Silicon lJhos 
pllorns Sulphur 

0 29 0 71 0 32 0 020 0 021 

Tensile test showed the metal to have an ultimate stiength of 
76,550 pounds pei square inch, elongation 29 5 pei cent and con-
tiaction of aiea 61 9 per cent 

F I O D E J 10—Appeinnce of new aich bar fiame foi 50 ton ear nflei tcsl Axle 
lioUs & l i e r t i L ( l , on left side Uppei and loi\ei uith biis &lid bj each other 
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Tests of the f) ames Steel castings Loaded vet titally 

Flastic 
limit ap 
proximate, 
pounds 

"Ultimate 
strength, 
pounds 

Fractured 

lint frame ISO 000 590 001) Piaeonal tension member, at fillet near journal boi 
Second frame 163,1)00 687 000 Do Third frame 175, 000 012,000 Diagonal tension member near spring plank fillet 

The fractures of the fiist and second fiames were at chaplets in 
the diagonal tension membeis, thiough sound metal The fractuie 
of the thud fiame occuned in the diag side of the casting at some 
small blow holes and sand inclusions 

Figuie No 11 repiosents diagiammatically the outlines of these 
cast-steel fiames 

Eefemng to the arch-bar fiames, the difference in the mannei of 
iailuie exhibited by those in seivice ovei those which weie tested 
to destiuction in the testing machine is a sinking featuie and one 
of impoitance to lecogmze In seivice the fiames failed undei com-
paiatively low loads, at a ceitain locality, wheieas in tho laboiatoiy, 
a Mide maigin in stiength was displayed and faihue omiied at 
anothei place 

Fiamr 11 —Diagiiinatic outlines of cist tlcel tiuck fumes 

A medium giade of steel Mas used in the fabncation of tliese bais 
i\hich in laboiatoiy tests, gave noimal tensile piopeiLies The metal 
n as stiong and tough On the othei hand seivice fiactuies weie 
buttle, niptuie being leached with no manifestation of ductility, an 
niheient piopjerty m the primitive state of the steel 

The geneial term " fatigue " has been applied to fiactmes of this 
kind As a descnptive oi cxplanatoiy term it has no definite mean­
ing Its sole use consists m dnectmg attention to the fact that con­
ditions of service may be cxpenenced m which any and all giades 
oi steel will fractuie m a buttle mannei, and undei conditions n Inch 
they have pieviously enduied foi a time 

Infonnation upon this behavior of metals under the influence of 
repeated stiosses has long been known, for over half a centuiy 
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j The histouc woik of Wohlei, continued by Spangenbeig, Bausch-
mger, and otheis in the last centuiy, gave enlightenment upon the 
effects of lepeated stiesses Wohlei deduced the following laws 
" Euptme of matciial may be caused by lepeated vibiations, none of 
winch attain the absolute bieakmg limit " 

" The diffeiences of the limiting stiams aie suilicient foi the lup-
tuie of the material " 

Shreve, in 1876, remaiked, " Tests of 11011 and steel still go on foi 
the pmpoae of detciimnmg their elasticity, their elongation undei 
stiam, then ultimate stiength, and other qualities, while Wohlei and 
Spangenbcig's expeuments show that it is very doubtful that these 
beai any proportion to the duiability of the metals " 

The fulfillment of certain piescubed tests geneially governs the 
' acceptance of matciial foi emient uses I f the possession of those 

piopeities demanded by governing specifications do not beai a 
known and favoiablc ielation to causes of luptuie the veneiation 

* sometimes enteitained foi specifications will be impaiiecl In fact, 
pioponents aie ficqucntly engaged m the levision of specifications, 
whence it would seem that then acme had not m all cases been 
1 eached 

Touching upon obseivable phenomena in cases of lepeated stiesses, 
the wntei's expenence in the tests of scveial hundred steel and non 
specimens has been to the effect that niptuie was not leached with­
out, stuctly speaking, some mmute peimanent sets Sets which 
would oidinanly escape notice but which -neie detectable with a 
stiam gauge Speculating upon what happens in the inteiioi of a 
piece of steel, it is an unsolved pioblem whethei the actual sepaia-
tion oi detachment of adjacent particles, which maiks the inception 
of ruptuie, is accomplished by a force mfciioi to the maximum 
tenacity of that mateiial Whethei the external foice applied is not 
augmented by internal stiains the sum of which algebiaically equals 
the ultimate tenacity of the steel, the external foico, pei chance, being 
only a fiaction of its gross ultimate stiength The teim piogiessive 

" is pieferred to fatigue as dcsciiptive of what obviously transpires 
aftei the inception of niptuie, and to extend the thought to an eailiei 
stage, it is piobably the bettei term to attach to conditions which 
piecede actual separation and which aie lesponsible for the practi­
cal destruction of the ability to display the phenomenon of elonga­
tion, excepting elastic 

Buefly enumeiatmg what seems to be well established in refei-
ence to the effects of diffeient stiess on steels, cubic compression 
within piactical limits does not affect the physical piopeities How-
evei, ceitam plastic substances acqime a state of gieat ngidity undei 
high cubic compression, a condition difficult to expenmentally dem­
onstrate if it exists in the case of steel Undei cubic tension the 
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jnhenomenon of peimanent flow oi elongation nould not seem pos t 
sible Some oibital movement of the particles with lefeience to 
each other seems necessaiy to explain the phenomenon of permanent 
elongation, such as witnessed in tensile tests, and to a far gieater 
degree in the opetations of extiuding, cold lolling, swaging, and 
wne di awing 

Cold working m one direction commonly increases the tenacity 
of the metal in that direction Maximum values shown by the fitlei 
numbeis of music wne have leached the extraordinaiy tensile 
stiength of 460,000 pounds pei square inch In fiee compiession, 
that is, without lateial suppoit, hardened steel has lesisted 700,000 
pounds pei squaie inch 

Based upon a modulus of elasticity of 30,000,000 pounds pet 
squaie inch, these extreme values icpiesent elastic shams of 1 5 
and 2 3 pei cent, lespecfcively Against which the values of low-
caibon steel have a capacity of only 0 1 pei cent Depending upon 
cucum&tances, the range in elasticity of sLeels may take place any­
where within this wide scope of elastic movements Fuitheimoie, 
the aggregate elastic extension, undei lestucted loads, may leach 
a total of several miles pei lineai inch of specimen under lepeated 
stiesses against 0 15 of an inch undei tensile test But m addition 
to all of this, steel which is capable of displaying an aggiegate exten­
sion of seveial miles when piopeily stressed will fail with almost 
absolute buttleness undei lepeated oveistiess 

The obvious mfeience to be diawn fiom this evidence is not to 
neglect to seaich foi the causes of failure of materials of constiuc-
tion in the conditions of seivice under which they have been ex­
posed In the present case the failuie of these arch bars was cleaily 
tho result of exposme to repeated stresses of a vibiatoiy chaiactei 

It must be said that a piopei definition of the strains encountered 
in seivice, m lailway mateiial, is by no means an easy mattei to 
leach That severe vibiatory stresses aie encounteied theie is no 
doubt Then magnitude, the vital feature, unfortunately is not 
known Amelioiation of conditions will be leached by study, result­
ing in the designs of stiuctures which piovide foi the transmission 
of vibiatoiy waves with a minimum of local mterfeience by leason of 
abiupt changes in cross-section dimensions in individual membeis 
or concentiation of effect at the junction of assembled membeis 
In othei engmeeiing examples instances of lupture have been pic-
sented where only vibiatoiy stiams could have acted The loci of 
luptuie of these steel arch bars, in then cioss sections within a 
shoit distance of bolt holes which gicatly leduced then cioss section 
dimensions, but wheie vibiatoiy waves weie necessanly mteiruptecl 
at the seats of the column castings, appear as lesults of the effects of 
such vibiatoiy strains Vibratoiy action explains why these arch 
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bars luptuied m seivice instead of the frames failing by sheanng 
the axle-box bolts, the weakest details of construction undei static 
tests 

The strength of the cast-steel fiames should not pass unnoticed 
It has long been known that steel castings, sound and well annealed, 
possess physical piopeities neaily 01 quite equal to good foigmgs 
As eaily as 1877, A L Holley called attention to the propeities of 
good castings, undei the caption, " Solid Steel Castings foi Ordnance, 
Stiuctuies and General Machmeiy by the Terienone Piocess " 

Foundry practice in the making of steel castings has, in the mam, 
been undeistood, but the actual production of sound castings results 
fiom exeicismg the caie and obseivance of details which aie known 
to be essential Poming teinpeiatuies, gating, venting, density of 
the sand, sink heads, fieedom to contiact in the molds, aie elements 
which lead to success in the pioduction of steel castings The greater 
oi less attention given these details signify the diffeiences between 
sound and unsound castings, and the inLioduction of conditions which 
annealing can not conect 

It is sufficient, hov, ever to say that good steel castings are being 
made, and that they have supplanted built-up members of wiought 
non and foiged steel m many places Unit membeis have featuies 
of advantage in lespect to the absence of mechanical joints Riv­
eted joints sustain and distubuto stiesses m a bettei degiee than 
bolted membeis Still in multiple nveting, whethei chain oi stag-

' geied, the loads picked up are vanable on the different rows of 
nvets The stiams aie also vanable across the pitch of the nvets 
Action of the same kind is expenenced -with bolted joints Even in 
the state of its gieatest efficiency no mechanical joint is quite the 
equivalent of a solid unit membei The maintenance of a bolted 
joint is a mattei of mipoitance 

Foigings of non oi steel aie used for ceifcam kinds of stiuctuies, 
diop foigmgs foi small complicated shapes The limitations foi 
forged shapes is soon leached when castings must be used l ion 
castings deficient in stiength and toughness aie not in general com­
petition with steel castings 

Sand oi slag inclusions and blowholes in castings must be regaided 
as defects, with the same strictuie applying to rolled and foiged 
membeis In lolled shapes and forgings such inclusions aie extended 
and possibly m&y be obscured, which is not the case in castings 
Within limits this diffcience may bo to the advantage of castings 
Blowholes and slag inclusions, of modeiated degiee, aie least objec­
tionable when in their globulai form I f diawn into aciculai 
stieaks and oriented perpendiculai to the pimcipal stresses leceived 
by the membei their presence becomes moie haimful 

file:///TKINS
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With this leview of the piopeities of mateuals it is believed that 
some of the causes of failure and the mannei in which they occui 
will have been explained 

In conclusion it appeals that the accident to tiam CD-34 was due 
to the fiactuie oi a steel aich bai, in the tiuck fiame of the second 
cai in fiont of the caboose And that an incipient ciack existed in 
a steel aich bai in the tiuck oi the cai immediately next the caboose 
The lattei a potential cause for an accident 

That the sti esses in service concentiated in the gioss section of 
the bais, in close pioximity to, but not at the net section where 
i educed by bolt holes The effects of lepeated vibrations of stiains 
flas thus exhibited in the complete fiactuie of the aich bai undei 
cai No 667 and the paitial fiactuie oi the bai under cai No 622 

jSTJM-tfAKTr 
The accident at Watkins Glen is attributed to the fiactuie of a 

t-teel aich bai m the tiuck of the second cai m fiont of the caboose, 
while theie was an incipient crack m the conesponding aich bar 
of the cai next the caboose 

These fiactmes neie located in the bais at then edges, uppei 
<ndes, and adjacent to the seats of the column castings The loca­
tion of these fiactmes is ascubed to the effects of concentrated 
'tiesses and vibratory action leceived by the tiuck fiames while in 
seivice 

Static tests on similai fiames displayed a degiee of stiength 
gieatly in excess of the sti esses which aie called foi undei these 
cais when they aie fully loaded 

Fuithennoie, the mannei of fiacture in seivice diffeied fiom that 
oi the laboratoiy tests In the lattei tests the axle-box bolts sheaied 
at the beanng between the uppei and lowei aich bais, developing a 
stiength four times the estimated load earned by the fiames m 
seivice The lowei aich bais in the laboiatory tests weie not pei-
tcptibly oveistrained 

The mfeience follows that a due consideiation must be given the 
(haiactei of the stresses leceived by lailioad mateiials which these 
examples show reduce then resistance and eliminate the maigm in 
safety which pnmitive tests oi estimates of strength indicate they 
possess 

Respectfully, 
W V BORLAND, Director 
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