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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
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 train on
the New York Central Railroad at Watkins Glen, N. Y, resulting
in the death of two employces and the mjury of one employee

LOCATION AND METHOD OF OPERATION

This accident occurred on the Ifall Brook subdivision of the first
dastrict of the Pennsylvama division, extending between Corning and
Lyons, N Y, a distance of 71 36 miles; 1n the vicimity of the point
of accident this 1s a double-track line over which trains are operated
by time-table, train orders, and a manual block-signal system The
first mark of derailment appeared on the northbound main track at a
point about 1,200 feet north of Watkins Glen passenger station;
approaching this point from the south there 1s a 2° curve to the left
1,613 feet 1n length and then the track 1s 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 1s 04108 per cent descending at the point where the
first mark appeared The track s laid with 105-pound rails, bal-
lasted with rock, and maintained in good condition

The weather was clear at the time of the accident, which occurred
at about 828 a m

DESCRIPTION

Northbound freight train CD-34 consisted of 87 cars and a caboose,
hauled by engine 2794, and was in charge of Conductor Dean and
Engineman Straub This train passed Watkins Glen at 825 a m,
according to the train sheet, and was derailed just beyond the sta-
tion while traveling at a speed estimated to have been about20 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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2 INTERSTATE COMMERCE COMMISSION

That portion of the train aliead of the coal car involved was not
derailed, and that particular car remained coupled to the forward
portion of the train and only 1ts rear truck was derailed The last
car 1n the train 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 1n the caboose at the tume of the accident

SUMMARY OF EVIDENCE

The first mark of derailment appeared on the frog of a trailing-
point 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 chimb over the frog and strike
the guard rail at the switch; the stock rail was turned over, and also
the next rail beyond 1t, while the switch stand was broken due to
the switch having been trailed through by the derailed equipment.
Between this point and the poimnt 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-pomnt 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 1s located about
2,200 feet north of the crossover switch first mentioned. Ixamination
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 1n contact with the frogs and rails previously mentioned

Conductor Dean stated that the first mntimation he had of anything
wrong was when the caboose reached the first crossover switch north
of Watkins Glen passenger station, and he immediately apphed the
air brakes in emergency from the rear of the train; he estimated the
speed of the train at that time to have been about 20 or 25 miles per
hour Engmeman Straub, Fireman Anderson, and Ilead 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 Lattlewood saw the broken
arch bar in the rear truck of the coal car mnvolved.

Car Inspectors Sebastian Root and Wendell Root had mspected
train CD-34 1n the yard at Corning Their 1nspection covered coup-
lers and attachments, grab irons, brake rigging, arch bars, etc. No
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ACCIDENT AT WATKINS GLEN, N. Y. 3

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.

RerorT oF THE ENGINEER-PHYSICIST

The accident at Watkins Glen, N. Y, on March 11, 1928, in which
freight train CD-34 was 1mvolved, was due apparently to the frac-
ture of a lower arch bar in the rear truck of Cambria & Indiana
Railroad coal car No 667, the second car m front of the caboose

TFigure No 1 1s a view of this car, with a new truck, after
rerailing

An mcipient crack was subsequently found in the lower arch bar
n one of the truck frames of the car next the caboose, Cambria &
Indiana coal car No 622

Each of these arch bars was made of steel, 5 mches wide by 114
inches thick 1n 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 1ts 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 in
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 1ts gross sectional
area, and not where 1t 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 1n 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 i strength between working loads and
ultimate strength as determined under static conditions, and also
an entirely different manner of fracture
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FIGLRE 1 —Cambria & Indiapa Railroad coal ecar No 667 with new truck, after rerailing
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Figuie No 3 shows the appemance of the incipient fractuie 1m
the aich bar fiom car No 622 Tts progiessive character 1s shown
It began at the upper coiner of the bar, extended radially, and
1eached a depth of half the thickness of the bar when final 1uptme
occutred The final pail was fine granular, radiating tiom the
progiessive portion of the fractuie

Figurn 3 —Incipient fiacture at ecoiner of steel aieh bar

of ¢a1 No

022

The presence of an mcipient fractuie m a tiuck fiame affords
a potential oppottumty for an aceident
Chemical analyses and tensile tests showed the metal of these

two bais to be as {ollows

Chenucal composition

|
| Man Phos
Cmbon ganese | phorns I Sulphur | Siheon
N | [
| |
Car No 667
Outside - 023 0 50 0 024 0 034 0035
Centor 24 47 025 030 020
Car No 622 1
Outside . 29 36 024 036 013
Center - _ 28 48 026 040 013
Tenstle tests
Y aeld Tensile
pomt, |stiength, hé?;:fa Contrac
pounds | pounds per cenl 100 of
‘;qlljifm squjlerfm nﬁzlhes | 1)[?1‘1%;(1;“
meh mneh !
Car No 667
Outside - 32, 170 G1 860 360 60 5
Center  _ - 207 270 57,300 480 025
Car No 622
Qutside _ 34 070 58 350 60| 612
Center  _ _ 39 70 63 410 J3 o 58 7

Appearance of fiactures, fine granula:
The tensile test preces were taken out of the bars longitudinally
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Nore —'hese 1esults ale 1epoiled m the usual manner The yield pomnt 1s
m the vicnily of but somewhat above the elastic it of the steel  Values for
tensile <tiengih and comtiaction of atea are collect ‘Those which puwiport to
mdicate the elongation of the metal melude local contraction at pont of 1upluie,
hence present fictitions values which have no definile 1elatiwon to the abihty
¢t the metal to elongate undel 1ls own stiength

The mictostincture of the metal of the aich bais, 3 per cent nilie-
alcohol etch, vertical illumination, 100 diameters magmification, 1s
shown by Figuies Nos 4 to 7, inclusive

There was no structural evidence of work done durmg fabrieation
which would attach 1esponsibility for the fracture ot the bais to
eitlier heat o1 mechanical {reatment

The lower arch ba1 of the opposite frame 1n the {fivck ol ca1 No
G67 was exannned  This bar proved to have been made of wiought
uon, and was ciearly of more 1ecent fabiication than its steel com-
panion, which failed The steel bar showed wear and abrasion at
the column casting bolt holes, whereas the wiought-non bai showed
none

Bending tests, 1n full cross section, weie made with each bm
They wete flattened at thenr bends over the axle box seats then
teversing the bends The appearance ol the fiactures thus made
are shown by Figme No 8 The wionght-non bai was tough and
fibrous, the steel bar biittle when the stiains weie reveiced The
wioughtaion bai, when pickled 1n hot hydrochloiie acid, displayed
the chaiacteristic fibious appeaiance of that metal while the steel
bat had a umfoim giay smface Figuie No 9 shows the appeai-
ance of the bars, 1n w1 oss section, after prckhing

Static tests were made on the vertical strength of arch-bar trames,
thhongh the courtesy of the Gould Coupler Co, at Depew, N Y , on
frames fuinished by the New Yoik Cential Railroad Co, desciibed
and with 1esults as follows

I
Weight ! Tltimate
Deseription of Irame | stiengih,
pounds pounds
|

Secondhand wroughl steel arch har truck frame 50 tons capacity » by 1 mch baws T8 195, 000
New wiounght non arch bar tiuck frame o0 lons capacity 5 by 114 ineh bais 700 197 000
01d secondhand ITaskell & Barker arch bar truck frame, 413 by 15 meb bars _ 134 000

The manner of failure was the same m each of these fiames
The arch bais remamed mtact Faiwe ocetiied by 1eason of the
shearing of the axle-box bolts, the sheaning planes being hetween
the upper and lower aich bas
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Frert b G-—Miciestiuetuie of aircdh bar car do 622, outside M gmifieation
100 diw etirg
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Iicurn 7 — Madtostiucture of aiech bu ewn No 622, mside  Mapmfieation
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Freure 8§ —I1actuies of aich baiy of cu No 667 afrer bending lests  Steel ha
on left of euf Ffiom bar which epused accident  Wion bt non bair on 1ght of
cut, from oppesite sule of truck

Freunr 9 —Appearance of uch hais ewr No 667 after pickling  TUpper figuie
of the cul, eross section of wiought mon bar  Tower fguie of the cul cipss
section of steel b
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It was not appatent, fiom trammel 1eadings taken nnmediately
prior to the shearing of the axle-box bolts, that the yield ponts of
the bais was 1eached up to the tume of ullimate stiength of the
fiames The bolt holes m each bar were peimanently elongated
The sheaimmg of the bolts relieved the strains of compression and
tension, 1espectively, in the upper and lower arch bars wheireupon
then ends slid past each other, in the case of the new 50-ton t1ame, a
chstance of 1 1nch

Figme No 10 illustrates the appeatance of the new 50-ton frame
after the test Trammel measurements weie made on the bais whete
the gauged lengths 31, 32, and 33 weie indicated by challkk maiks

Tests were mace on unit fi1ames, steel castings covered by New
York Cential Railroad pattein F-6098, and the Gould Coupler Co'’s
pattein TE-5077 The chemical compo<tion of the metal 1n these
trames was as follows

C whon| M202& | gip0py ‘

nese Ssulphar

5
phorus

029 17 I 032 | 0 020 ‘ 0021 -
|

Tensile test showed the metal to have an ultimate stiength of
76,550 pounds per square inch, elongation 293 per cent and con-
traction of area 619 per cent

Fiaurr 10 —Appearance of new aich bar fiame for 503 ton ear afler tesl  Axle
bolts shearcd, on left s1de  Uppel and lowel nich bais shd by each other
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Tests of the fiames Steel castings Loaded vertically

TFlastie

Ultimate
Imit ap | cprenoen, Fractured
proximeats, wounds
pounds I
— N —

T st fTane _ | 150 000 500 000 | Diagonal tension mernber, at fillet near journal box
Seeond frame - 162, GO0 587 000 [¢]
Thied Irarne i 175, 000 012,000 | Diagonal tension member near Spring plank fillet

The fractures of the fiist and second fiames were at chaplets 1
the diagonal tension members, thiough sound metal The fractuie
of the thid frame occuiled in the diag side of the casting at some
small blow holes and sand 1nclusions

Figuie No 11 represents chagiammatically the outlines of these
cast-steel frames

Referning to the arch-bar frames, the difference 1n the manner of
tarlute exhibited by (hose 1n service over those wlhich wete tlested
to destiuction 1n the testing machine 15 a sttilung featuwre and one
of impoitance to tecognmize  In sexvice the frames failed under com-
parabively low loads, at a certain locality, wheieas in the laboatory,
a wide maipin 1n strength was cisplayed and faillure occured at
anothe1 place

Tigenr 11 —Diagiunatic outlines of cast slecl Liuek f1unes

A medinm grade of steel was used n the fabication of these bais
which i laboialory tests, gave notmal tensile properlies  The metal
was stiong and tough On the other hand service fiactuies were
brittle, vuptuie betng 1eached with no manifestation of ductility, an
mherent property mn the primilive state of the steel

The geneial term “ fatigue ” has been applied to fiactwies of ilus
[ond  As a desciiptive o1 explanatory term 1t has no definite mean-
ing  Its sole use consists 1n duecting attentron to the fact that con-
ditions of service may be expetlenced 1n which any and all grades
ol steel will fracture mn a brittle mannei, and unde: conditiony w hich
they have previously enduied for a time

Infoimation upon this behavior of metals under the mmfluence of
repeated stiesses has long been known, for over half a centwry
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The historic work of Woliler, continued by Spangenbeig, Bausch-
mger, and otheis 1n the last centmy, gave enlightenment upon the
effects of 1epeated stiesses Wohler deduced the following laws
“ Rupture of material may be caused by 1epealed vibiations, none of
which attain the absolute bieaking limit

“ The differences of the imting strains ale sufheient for the 1up-
twre of the material ”

Shreve, 1n 1876, remailted, “ Tests of non and steel still go on for
the puipose of deteiminimmg their elasticity, thewr elongation under
strain, then ultimate stiength, and other qualities, wlile Wohler and
Spangenbeig’s expernments show that it 15 very doubtful thal these
hear any proportion to the durability of the metals ™

The fulfillment of certain prescribed tests generally governs the
acceptance of material for cmient uses If the possession of those
properties demanded by goveining specifications do not bear a
Iknown and favorable telation to causes of 1uptuie the veneration
sometimes entertained for specifications will be impanted In tact,
proponents ale ficquently engaged m the 1evision of specifications,
whence 1t would seem that then acme had not i all cases been
reached]

Touching upon obseirvable phenomena in cases of 1epeated stiesses,
the wiiler’s experience 1n the tests of several hundred steel and 1on
specimens has been to the effect that 1uptuie was not 1eached with-
out, strictly speaking, some minute permanent sets Sets wlich
would oi1dinanly escape notice but which weie detectable with a
stram gauge Speculating upon what happens i the mmterion of a
plece of steel, 1t 15 an unsolved problem whethe1r the actual sepaia-
tion o1 detachment of adjacent paiticles, which maiks the mnception
of rupture, 15 accomphshed by a force mfeiion to the maximum
tenacity of that material WWhether the external force apphed 1s not
augmented by mteinal stramns the sum of which algebiaically equals
the ultumate tenacity of the steel, the external foice, peichance, being
only a fiaction of ils gross ultimate stiength The texm progiessive
15 preferied to fatigue as deseriptive of what obviously transpires
after the inception of 1uptue, and to extend the thought to an emli;
stage, 1t 1s probably the better texm to attach to conditrons which
precede actual sepaiation and which a1e responsible for the practi-
cal destiuction of the ability io display the phenomenon of elonga-
tion, excepling elastic

Briefly enumelating what seems to be well established 1 refer-
ence to the effects of different stiess on steels, cubic compression
within practical limits does not affect the physical propeities  How-
evel, certain plastic substances acquie a state of great nigidity under
high cubic compression, a condition difficult to expetimentally dem-
onstrate 1f 1t exists 1n the case of steel TUnder cubic tension the
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phenomenon of permanent flow or elongation would not seem pos
sible  Some orbital movement of the particles with 1efeience to
each other seems necessary to explain the phenomenon of permanent
clongation, such as witnessed 1n tensile tests, and to a far gieater
degree 1n ithe operations of extiuding, cold 1olling, swaging, and
wile diawing

Cold working m one direction commonly increases the tenacity
of the metal in that direction Maximum valugs shown by the finer
numbets of music wune have teached the extraordinary tensile
strength of 460,000 pounds per square mnch In free compiession,
that 1s, without lateral support, hardenced steel has 1esisted 700,000
pounds pe1 squate 1nch

Based upon a modulus of elasticity of 30,000,000 pounds pet
squate 1nch, these extreme values represent elastic stiains of 15
and 23 per cent, 1espectively Against which the values of low-
catbon steel have a capacity of only 01 per cent Depending upon
cucumstances, the range 1 elastiaty of sleels may take place any-
where within this wide scope of elastic movements Tuithermore,
the aggregate elastic extension, under 1estilcted loads, may 1each
4 total of several miles per linear inch of specimen under 1epeated
stiesses against 015 of an inch unde: tensile test But in addition
to all of this, steel which 1s capable of displaying an ageiegate exten-
sion of several miles when pioperly stressed will fail with almost
absolute brittleness under 1epeated overstress

The obvious inference to be diawn from thig evidence 1s not te
neglect to seaich for the causes of failure of materials of constiue-
tion 1n the conditions of seivice uncer which they have been ex-
posed  In the present case the fallure of these arch bars was cleaily
the result of exposuie to repeated stresses of a vibratory chalacter

It must be said that a proper definifion of the strains encountered
m service, 1n lallway matei1al, 13 by no means an easy matter to
reach  That severe vibratory stresses aie encountered therc 1s no
dloubt Then magnitude, the vital feature, unfortunately 1s not
known Amelioration of conditions will be 1eached by study, result-
g 1n the designs of stiuctures which provide for the transmission
of vibiatory waves with a munimum of local interference by reason of
abiupt changes 1n cross-section dimengions in ndividual members
or concentiation of effect at the junction of assembled membeis
In other engincering examples instances of 1upture have been pie-
sented where only vibiratory strains could have acted The loa of
rupture of these steel arch bais, m thenr cioss sections withmn a
sho1t distance of bolt holes which greatly 1educed then cioss section
dimensions, but wheie vibratoly waves were necessarlly interrupted
at the seats of the column castings, appear as 1esults of the effects of
such vibrafory strains Vibratoiy action explains why these arch
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bars 1uptwied in service instead of the frames failing by sheaiing
the axle-box bolts, the weakest details of construction under 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 propeirties neaily o1 quite equal to good forgings
As early as 1877, A L Holley called attention to the propeities of
good castings, under the caption, “ Sohd Steel Castings for Ordnance,
Stiuctures and General Maclunery by the Terienone Process ”
Foundry practice 1n the malking of steel castings has, in the main,
been undeistood, but the actual production of sound castings results
from exercising the cale and observance of details which are known
to be essential Powming temperatumies, gating, venting, density of
the sand, sink heads, fieedom to contiact 1n the molds, are elements
whach lead to success 1n the production of steel castings  The greater
or less attention given these detmls signify the differences between
sound and unsound castings, and the inlioduction of conditions which
annealing can not cottect
It 15 suflicient, however to say that good steel castings are bemng
made, and that they have supplanted built-up members ot wiought
1won and forged steel i many places Umt members have featmres
of advantage in respect to the absence ot mechameal jomts Rav-
eted jomnts sustamn and distiibute stiesses m a better degree than
bolted members Still in multiple 1iveting, whether chain o1 stag-
f gered, the loads picked up are vaiiable on the different rows of
1ivets  The stiains aie also vainable across the pitch of the 11vets
Action of the same kind 1= experlenced with bolted joints Tiven in
the state of 1ts gieatest efficiency no mechameal joint 1s quite the
equivalent of a solid vmt member  The maintenance of a bolted
jomnt 18 a matter of 1mpo1tance
Forgings of non or steel are used for cettam lunds of stiuctuies,
diop forgings fo1 small complicated shapes The limitations for
forged shapes 18 soon 1eached when castings must be used Tron
castings deficient 1n stiength and toughness aie not 1n general com-
petition with steel castings
Sand ot slag mnelusions and blowholes 1n castings must be regarded
as defects, with the same strictme applying to rolled and forged
membelrs  Iniolled shapes and forgings such inclusions are extended
and possibly may be obscured, which 13 not the case in castings
Within limits this difference may be to the advantage of castings
Blowholes and slag inclusions, of modeirated degiee, are least objec-
tionable when n therr globular form If drawn into aciculax
streaks and oriented perpencicular to the piimeipal stresses 1eceived
by the member their presence becomes more haimful
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With this 1eview of the propeities of mateiials 1t 18 believed that
some of the canses of {ailure and the manner 1n which they ocem
will have been explained

In conclusion 1t appeatis that the aceident to tramm CD-34 was due
to the fractwie ol a steel arch bar, mm the tiuck frame of the second
eal 1n fiont of the cabeose  And that an mupient ciack existed
a steel a1ch bar 1n the truck of the car 1mmediately next the caboose
The latter a potential cause for an accident

That the sliesses in service concentrated in the gross seciion of
the bais, 1 close proaxmuty to, but not at the net section where
reduced by bolt holes  The effects of 1epeated vibrations of stiains
was thue ealilnted in the complete fiacture of the arch bar under
car No 667 and the partial fracture of the bar under ca1 No 622

STUMNARY

The accident at Watkins Glen 15 atiitbuted to the fractme of a
«teel a1ch ba1 1n the truck of the second car m fiont of the caboose,
while thele was an mcipient crack in the corresponding aich bar
of the ca1 neat the caboose

These fiactures weie located 1n the baig at then edges, upper
aides, and adjacent to the seats of the column castings The loca-
tion of these fiactmes 1s agenibed to the effects of concentrated
atresses and vibratory action received by the tiuck frames while
seLyice

Static tests on simmlar frames displayed a degiee of stiength
greatly mn excess of the stiesses which aie called for under these
cals when they aie fully loaded

Fmitheinore, the manner of fiacture in service differed fiom that
ot the laboratm y tests In the latter tests the axle-box bolts sheared
at the beaiing between ihe upper and lower arch hars, developing a
strength four temes the estimated load carnied by the frames m
service  The lower aich bars in the laboratory tests were not pei-
ceptibly overstramned

The inference follows that a due consideration must be given the
character of the stresses 1eceived by railioad matenals which these
examples show reduce then resistance and eliminate the maigim in
safety which primtive tests o1 estimates of strenpth indicate they
possess

Respectiully,
W P Borvaxn, Dwector
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