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January 7, 1913,

The Director,
Buresu of Standards,
Wanhington, D, C.
Lear Sir:

I have the honor to repert upon the fallure of
bridge No. 43 1/2, ¢n the asin line of the Pennsylvania
Railrosd, near Glen Loeh, Pa., which ocourred under west
bound train He. 19, at about 11:40 P. M., November 27th,
1312,

This trein was composed of a helper locemotive, a
train locometlve, a mall enr, & combined gar, u day
cosch, und nine sleepers; all of steal coastruction.

The toial weight of the tralnm was 2,327,780 1lbs., made

np &3 followat

Loeomotlive Ho, 2426, Engins, 183,100 1hs.
Tender, 132,500
Locomotive Ho. 1618, Engine, 183,100 *
Tander, 132,500 ¥
Hail ear, Neo. 6559, 123,900 °®
Combined ear, Ho. 4891, 125,800 "
Day cosach, Ho. 1763, 113,700 *
Sloeper, Glen Rock, 148,500 »
" filverten, 148,500 *
" HﬁnSfield’ 147,746 n
» Hidway, 147,740 *©
" Lambgon, 147,740 "
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slaeper, %éggg, iﬁ;';ig 133.
my
" %estland, 147,740
" Allenport, 147,749

Raeh e2r hed six-wheel trucks, excepting the day
coach whioh had four-vheel trucks,

The axle losds were as follows:

Lesding trucks of the engines, 16,850 lbq.
Forward drivers, 56,700
Rear drivers, 61 500 °®
Tpallarsy, 31 200 "
Tender, 33,125 ¢
Mall ear, 20,650 v
Combined gur, ¢0,967 n
Doy conchy, 28,925 ™
aleaper, Glen Roeck, 24,7650 "
8ilverton, 24,750 ¥
" Hansfleld, and esuch of the
other aix slegpers, 24,623 "

The totul length of the train was 1104 feaet, § 1/4M.

The train wea procesding ia s westerly direotion on
riek Yo, 4, drifting on - down grade of 0,299, when 1t
reached bridge Ho. 43 1/0; the track on the bridse and easat
and west thereof beln; ovn s ’-dagree curve, curving aouth-
ward. The apoed of the trsln when Lt reached the bridge
wus wstisotad to be about 48 wiles per hour,

The fallure af the bridge took place, apparently, when
the leading locomotive wnz upon 1it, resulting in a partlal

deraliment of the train, -~nd ¢ausing the death of four
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persons and injJury to forty-nine others, The middle part
of the train consisting of the day eoach and four sleepers
left the roadbed immediately beyend the west end of the
bridge, and were thrown down &' 25-faoot embankment. The
two loccomatives, the mail ear, the combined car and the
lust five sleepers remuined on the tragk or on the rondbed,

The traclk waz destroywd, beginning et the west end
of the bridge for a length of 369 faet,

The tender of the lexading loeomotive was uncoupled
from the engine of the second locomotive, The leading
locomotive ran c distance of about 2000 feet beyond the
bridge, with forward driving wheels snd Ho. 4 tender truck
wheels off the track, each on the south side of the razils.
The socond locomotive broke loose from the traln, the draw
bar of the tender nulling out. Ho, 1 deiving wheels snd
Je. 2 and No. 4 tender truck whesls of this locoactive
ware off the trock, on the ssme side az thoge of the lesd-
in;, locomotive; that 13, toward the inalde of the curve.
The mall eor wos peartially derailed, while the wheela of
both trucks of the combined ear left the track.

The day qoach came to rest at the foot of the eubank-
ment, bottonm side up, Four aleepers rested on the slope,

forming a huge letter ¥; the forwerd ong, the Glen Rock,




- 4-

coming into contact, sldewlse and sgalnst 1ts rocf, with a
staeael hopper car which stood on truack No. 7 at theo foot of
the eﬁbankmentﬁ This car was loaded with coal, the col-
lision with which necessarily resulted in injury to the
aleeper, Exceptin; at thelr ends the other sleepers, on
the slope, were comparatively 1little injured, The last
five ears of tiwe trszin did not leave the track or roadbed
and were 1n penerzl gocd condltion efter the derailment,
Thiege staeel cors showed superior structural qualities and
t0o their strength the small lizt of casunltles wus without
doubt due, while fire did aot udd to the dissater.

Brid,e Ho. 43 1/%, un iron structure bullt in 1491,
saanned the two tracks of the Treaton braneh of the Peonn-
gylvania HeRay and enrried -est hound trzoks Hos. 3 and 4
of the main line of the roaa, These two west bound %rnelis
are ugad for frei nht cond weseng v trouffic respectively.

It 413 & skev brid.e on .1 27, .6 of about 15 degreasn,
There are two spang of welf-tarough plate girders. The
outer enda of the ;irders re=t upon atene abutments, the
inner enda upon a box glr«ar wiiech in turn was 2upportad
by eight latticed col..n. stending upon a center wall be-
twsen the tr-eks of the Trontoa branch. The latticed
columns were mrde of two L2" channels each, and in helght

are a f2w Ilnches over 14 fret., They were provided with
TN
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base and eover plates, esch 24" squers, the base plates be-
ing aneclhiored £0 the centsr wall by four 1" bolts, while the
box girder was bolted to the gover plates by four 3/4" bolts
at e ¢h column. The channels were conneated with the bose
and covar plstes Ly gussets and angles,

The main plute girders of the bridge were anchored to
the sbutments by mezns of twe 1 1/8" bolts at each corner,
aight bolts in x1ll. Expansion wag provided for at the
wost end of the bridge. Each maln girder was provided with
guasget hraces, Tive erxah for girders deaignuted by the let-
ters A. B. und D, snd six for girder C.

The flcor beuma, 15" I-besma, were at thelr cuter ends
1n part riveted to the webs of the maln pirders, thore how-
eviey whicll resched to the sbutments rested upen the muscnry
without sttrehment thereto. 5Shoaes BY by 107, of two 3/4"
sletes were riveted to the luower flanges of the I-~besns and
rested directly upon the abutment walls. The lnner ends
of the floor be.ms were bolted %o the box girder,

Yooden atringers wera gurried by the floor beams,
sgeured by snple irons, on which tie ties wore notched. The
traek, which wes lald with rails of 100 pounds gectlon, had
ateal guurd rsils inside, and wooden guard rails outaide.

Concarning the deruilment, the wost esasnterly nurks on

the tles were found on the Dridge about 66 fest west of the

satit end of girder B, and abreast coluan No. 8. They were
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locatad on the rnorth side of the north rall of track Fo.

A4y that 13, the track en which train Heo. 19 wza running.
Figure Ho. 3, a floor plan of the bridge, indicates the
pluces occupled by the maln plate girders, designated by
letters, the hox girder and supiorting latticed columns, and
shows parts aflfected et the time of dersilment.

Theae first marks on the ties were not numbkerous nor
were they very deap. d&ince the derslled wheels of the two
locomotives were tound on the oppesite side of the ruils,
thut 18 on the inside of the curve, it 1z belisved that
thess most eavterly markz represent g secondury occurrence
and not a primary one,

Hear the midule of the length ¢f the bridie thers were
flange marka on the south side of both raila of track HNe. L.
Setwean these two polnts, there was located & rail, a north
ong, whigh was very aucn bent. Iocusured after it wes re-
moved from the truck, it ums : uiddle ordinaste of 6 1/27,
concuve on the geupe side. The niddle ordinute for o rail
33 feet long, tha lan,th ¢f this one, to conform to Lhe
eurvature of a Z-degree curve, should be 97167,

The middle of tne length of thias bent rall wes nearly
abreast column o, 3, wiere the depression of the track was
greateast at the tilge of <derailnent, It was the only rail

on the bridge which reculred to be replaced by a naw

Y



T

one when the line wys recpened for traffic, This rall

probably played an important part in cyfsing the severnl wheels
of the two locomotives to recch a pasition on the south side

¢ the south reil.

ageording to the ropsrt of the Commlittee of the Ponne
aylvenia Hallroad, anpolated te investigste the cause of the
wreck, the depresslon of the bex girder over colusn Ho. 8
was about 187", The dearessicn over eolusn No., 7 was very
aueh less, only u few loches.

Both locometives dropped inte this depression, whieh
wed lowest on tle anorth slde, recelved a rocking motion, and
wera then suddenly ralaed out of the hollow. The flanges
of the derailed wheels on the south side of the locomotlives
apnarantly e¢leared the top of the aouth rail a3 tho trucks
czne out of the depressed section, posaibly heving recelved
an izpulse in *huat direction from the bent rail. The rolling
potion of the leading engine knoeked the engineman off hils
st toword the south, He felt the enplne go down and then
come up.

In the vicinity of coluan Ho. 8 and the bent rall the
zroatust depression and lsteral displacement of the bridge
hoth eccurred.

The steol lnner yuard ralls and the wooden outer ones
kept tho train In good condition until it clearsd the bridge.
The bridge tles worse bunched but little., They were moved




an inch or tvo.

From the weat end of the bridge, proceedlny westerly,
the track waea torn out for a length of 369 feet. Out of
some place in thiz dentroyed section the ears which were
thrown down the embaniment left the roadbed on the north
side of the track. Ths locomotlves, the mall car and the
combined car, continuing slong the track, marked the tios
on gach slde of oganeh reail. The narks farthest wvegt, how-
ever, were on the south side only of emch rall, these being
wede by the dersiled wheels of the loecomotives,

Prior to the tlme truin No. 19 resched the bridre it is
believed thut the trnck on the bridge aznd vielnity was in
a high atute of eftlcliencr, refarring to the ralls, guerd
rulls, ties, striazers «nd resdbed. The track maintenance

appenred to heve been grxcellent, the injury to the track

being the resilt of the fallure .f the bridge, track condi-
tions not eontributing towvuard it.

The eondliticn of tha nridre after the derallment ashowad
tluit the chief injury Lo itie atructurse occurrsd at the upper
snds of golumns Nes. 3 .nd 7, and to tha section of tho box

girder whioh these two eclyans supported. Also that the

part of the floor syqtcr which restad upon the east abutment i
was disturbed 1in 1t3 .osition while the two north msin glrders
desi nauted by the lettsrs A asnd B were affactag,\\Tha upger

f
flonge of girder & woa buehled ut the gusset brsce nesr itn
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end which rasted upen the box girder. The west end of plate
girder B wans bent outwrerd glightly. These bends mode an
outwurd bulge sous fifty feet acrosa,

Deseribed In detail, glrder A was stralght from 1ts
west end to the third gusset brace. At that hrace the
girder wus bent tawsrd the north, resching e maximus at the
fifth gusset, where tha top flenge was buckled at the inside
edra, Aetwaen the third gusset and the end which rsated on
the box girder the middle ordinste was 4 1/4Y, on & chord
of 485 feet 8%, The inuer ends of both north girdera were
moved sutward, girder A about 3% and glrder B about 4 1/4%,
#8 engured after the bridge had been jacked up, and esch
had shearcd the bolts which secured 1t to the top plate of
the box gilrder. The bent rall previcusly referred %o was
loonted opposite this bulye in the muin girders. Itz posi-
tion in the track is indicatoed by two short lines drawn
aeross the lLine repressntling the north rall, on tne plan
of the bridge in flgurs Ho. 3,

For neurly one half its length gilrder A was tled zcross
to girder B, being connected through the floor hemus. The
sart thus reenforced remained straight., At the east end of
girder D tha angle 1iron conneaetions of the Pirst floor beum
wara frectured at the tise of the derailment, The angloes
had oreviously been particlly fractured by s blow which had
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hoen recelved by the girder, the rupture being completed on
the a?esant oecaston, This floor beam, through ita connec-
tions, afforded the first jositive anchorsge of the north
glrdor sgeinst esntrifugal forces tending to ceause an out-
ward leteral movement of the bridge during the pampsage of
trains at high rates of speod.

The shoes of the flour besmas had spjarently worn smooth
sent? on the nagsonry of the oust shutnent, froam which it
appesra thnt the frieticsnsl rosistance of the besmp st tnsir
ends reating upon the abutaent wall was of uncertain vulue
in resiating centrifuysl forces, The floor beusms aoved on
the a3t abutoent st the tine o dersllment. MHeasured safter
the bridye hed haen Joeked up, the mexinum outward movement
was about 4 3/4%, which rsireseunts the displacement of the
besn whioh reached ereoss fros the PLfth gusset braee of
glrder A, This ueam wer nlso 70% beokwsrd towsrd the eust
cne 1neh at 1t3 end on the bButient. The heosws swivelled -
about gome point alon: *tarir length and while belnp noved
cutwsrd thely nerth snes vero prohably osrrled along in the
dircetion the trcin tr velled, esusing their south enda to
e sat buck toward the sust. The shilt in positlion of
the floor besms diuiniqlid in extent toward the ends of the
abutmon® where the ancicrr,e¢r af the naln girders srrested

the aovement, —.

\
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Theres was no evidence thwmt the ends of the asin girders
wore cuerried northerly on the gecaaion of this derailment
but three of the corners showed the snehor bolts had been
baat in & northerly dirsction, the result probably of suec-
cassive lupulses pecelved during the pericd of time 1In which
the bridge had been 1l service.

The boltz of glrder B were partially withdrswn froa
tiwe atonework.

At the aouthwest corner of the bridge, the bolte of
olrder C were not disturbed. Thisn corner would mot be
enllsd upon te reilst centrifugal forces of tralus rounding
the curve at gpeed, on zccount of the reaction of the weat
nhutment.

Although the deatructlveness of the derailment owed
itas origin to the fallure of the brildge, there wus com=-
puratively little evidence pregent until the west end was
reached and passed, The danage o the track eand to the
srain 1imcdiately resulted from condltions whieh mffacted the
trucks sbout the tine they left the bridge.

Below the floor beans the injury te the bridge wus oone
finod to the section of the Wx girder hetween columns
lios. 6 sngd 83 and to eolusns Hos. T and 8.

The initial line of rupture appezrs to have bheen the
completicn of a fricture which exigted prior to this dersll-

ment in the cover plute of column Ho. #, locsted nezr its
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south edye, and directly over the south vertlcal face of
the gusaset plate of this columm. Plgure Ho. 4 shows the
dataiia of the ftop of the colum zund Indicatess the loceticn
of thia line ¢f rupture.

The cover plate pricor te the diassnster was rupiured
through the greater part of its thickness. It was 3/4%" ia
thickness, pleued on 1tz uper faee, The initial eraek
extended Crox the upper surfsce downword p depth of about
5/8% gt the deepest nluee, leaviag 1/8" thicknesz of un-
ruptured netal, The completion of this line of rupture
13 beliaved %0 heve been *he irpediate ovure of the dliasga-
tap. It pernitted the bhox girder $o droy down over the end
of colurn Ho. A, ecausing thw saz of 18" in the bridge 209
noted by the Rullroxd Compittes,

here wes u Bendln, nowwrent adt the ton of eeluwn Se. 8,
whieh put the ug.per swrf-ce of t'.iz cever plate into tenslon.
Fro= gutside to outside of * 0 _1-uet pletes the cclumn
messured 137, ohile %lc oc0 glirder which 1t suppoerted nea-
sured 16 1/.4% from ingide te faside of 1ts web plates, an
overhang of 1 5/8% on ¢ iie. There wes gvidence of lgosse
ness ot the Joint hotvee: tne cover plate end the web aember
T the box gilrder, at lew= "t =zt the south web, which wss the

ruptbured adge o the cover, Repapted huurmering of the meb
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plste had indented and sllghtly grooved the upper surface
of the cover 3late, Flgs. Hos. 5 and 6 show the appesrsnce
of this covar plste after removnl freon the bridge.

These conditions are bellevad to have started a pro-
aressive fracture in the cover plate, which was pronmoted
by a deflciency in latoersl stabllity of the bridge slong
its ematerly half, Trsins pasging over the bridge at high
rates of speed would tsnd to move it outward and exert an
overturning tendency on column Ho. &, such as 1t might be,
while the floor beans would nocessarily defleot under the
welght of the train and further intenaify the stress trans-
nitted through the south wek of the box glrder. The lozd
trananittad to eolumn No, 8 by the zein girder B would atill
further eause this to be ¢ highly stressed member, and tend
to rupture the covar plate, In addition the grain of the
ircn of the cover plate ran lengthwise the bex girder, whieh
esused the bending stress on the plate to be crosswlse the
grain - that 1s, 1t waa stressed in 1lis weakeat direction,

The tendency of the bridge to shift its pesition in
a no~therly dirsection under the influenoce of the centrifupel
foreesa of the trains is showm by the bent condltion of the
anchor holty at three of Lfts ocornera. Wherens, ties wall

tazmped Iin & well=ballanted track ordinerlly huve sufficient




frictlonal resistance to Xeep the track from shifting oute
ward on curves, in the pregent instance the tiesd 23 a
group on the iron I-beame of the floor system did not have
the advantags of such friectionsl resistaznoe. Furthernore,
the suppoerting oolumns of the box glrder eould easlily be
ovaerturnad by an ocutwaerd thrmat on the traek, These
columns were tied sogether in pairs by brecss, but zuch
Lraeing was not in the dlrection which would materiuslly
ineroaze the stability of the bridge. The easterly end
of thie bhridge was retanined on its abutnent ehiefly by the
reglstance of the anchor belts st the enda of the nain
girders, while they were bent in offering such resistenex.
Attonding these conditions it would seem that the cover
plote of eolunn Hoe 8 had been repsatedly subjected to
hending stresses both froo the downward welght of the
trains and from thely outward centrifugel thrust, and thet
gsome looamsneas h:d peroitted of . hacmering asctlion of the
south web of the box girder upon the eover plate, z2il of
whlch had resulted 1n the development of a prograssilve or
detnlled fracture. Wit zush a fraoture started it was
only & question of tis: ilisn rupture of the plate would be
completed and the failursa of the bridge consummuted,

The formation of : rogressive fraicture 1s the result
ef ouvcaslonal overlonds, repcated 5 grézter or(}ggs nuaber

of tintes aceording to tieir zegnitude. If tne{overload
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reached & maxlaus at erch application, rupture would socn
take plzce, but such 1s not usually the case under service
conditions, Doubtless it was an sxoeptionsl incident 1in
the history of thisz bridge when all the conditions of
loading conspired toward developlng & maximum stress, In
the interval of time since the bridge was bullt there has
bgan g decided increase in the welghts of rollling stock and
soneentrated louads on wheels, and higher stresses nc douht
hava hesn receivaed by the bridge ln recent yeura over those
of forcer ones.

The length of tilae during which this fracture has
woen in existance cennot be told. As a aatter of judgment
1t may heve been in procegs of develonment £or a nunher of
years. It eould hardly have bean developed, however, to any
great extent four yesrs ago, the luat time the bridge was
painted, since gsaint head not run into the eracik. It ia not
palieved to have hud iis origin within a pericd of & few
wonths.

The photographic priats figures Hos. 5 and & 1llun-
trate toe aprearance of the upper and lower surfaces ro-
apootively of this eover plute. There were two A" by 67
angles plvetad %o the plate by flve rivets each, the
rivets beilng countersuni en the upper surfsce. The four

bolt holes for the 3/4" bolts which secured the box girder

—————— e e —————
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to the top of the colurm are shown in figure Ho. 5.

The line of rupture wos &t & distance of 1 7/8" to 30
from ihe grooved or indented llme on the upper face of the
plate, the indented grocve made by the gouth vertical webh
of the box girder. The rupture hegan at the top surface of
the plate snd extendead downward. During its formation and

development 1t would be visible in 30 far as not having

boen directly covered by any other member. Its sccegslibllity

for inzpection or detection, however, was lnpeded by the
douhle latticing of the verticul webe ¢f the box girder.

There ware other ruptured garts of tho bridge below
the level of the floor “eam®. The cover plate of eclusnn
Ho. 7 wns ruptursd, the llne of rupturs occurring near the
north adge, =t & eorreszonding plaes to that of Ho, &, only
on the oppoealte slids of tue column. The a2presrznce of the
fracetured surfioge ahcwed tie vl running In the szme
dirsction a8 that of cclwm o, }, that L2 both ecover plates
weres fractured eroaswisce the grain of the 1lron. This frac-
ture was not examined sufficlently early after the derail-
ment to admit of o definite st. tement heing made concorn-
ing the presence af ¢n iaitisnl rupture preceding its final
fracturs.

Yhen the fallurs of theo brldge aceurred the upper end
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of eolumn Ko. 8 was tipped towurd the morth, that of No, 7
toward the south, easch being osrried over in »n diraction
opnosite the side on which their resgective cover plates
wers fraotured, The snchor holts at the bases of the
columns were dliaturhed on the sldes opposite the directlons
in whiech the tops soved. Accompanying the movements of
the tops of thoese polusng there wus a twisting of the box
glrder, The lattor developed a longitudinal orack glong
the noerth verticul web, 1ta angles were bent and oracked,
the 3plice plates connecting %hls seetion of the glrder
with thuat next to 4t wore lnjured, snd the latiice bars
qulte generally bent.

The curvature, innediately east of the bridge, weas
tuken out and the tracl straiphtened the length ¢f = rail
or two by reazzon of the nertherly movement of the floor
syatem snd the rails thereupon.

The rulss of the Pennsylvania R, H. company regulre ¢
monthly inspection cof its bridges by a Bridrge Inspesgter, a
seni-unnusl inspection by the Division Englnver and Easter
Carpentar, snd an annual test for deflegtlon. The monthly
Insgection 1l for the detoction of detullsd defects, 1f any
are prasent., Recent inspections of this bridge vere as
follows?

Semi~-anaual inspection by the Division Fnglneer
and Mastor Carpenter, Qet, 7, 1912

Hontnly inspection by the Bridge Insgector,
Hov, 18, 1912

innuol deflection test, by the Dridge —
Inspector, 26, 1
The bridge faullaed, w27, *

e —e—— — " ———— ———



-18=-

The semi-znnusl inapection jointly msde by the Division Ene-
gineer and the Mastoer Carpenter Ydisclosed no Imperfection
affeuéing the 1lategrity of the bridge®. The Bridge Ine

spector reported the structure in good gonditicn, giving it

thie highest mark provided for on the ingpection report blanks,

excenting the back wall was reported "falr®, a condition
nat affecting the prescent aceident,

The Bridye Inspeetor who reported upon the condition of
tais hridge atsted that his monthly inspection included the
examination of "rivets, commections and everything eonnected
with the bridge®.

The daster Carsenter of the Milladelphis Divislon, on
ghich this bridge is locoted, tesatlfled thet 1t was tho
sugton to Inspect every bridge every thirty days, that he
had from five hundred to six hundred bridges under his ears,
snd zix lnspectora for dein, the work. From this testinony,
1% would apnenr thnst scwme twenty bridges per day sould re-
qulre te be inspeectoed on aia diviszion by six men,

Thae test for defleoetion consliatdd of observing the de-
fleetion of the naln zirders during the peaasage of regular
trains over the bridge, in this ease thera belng two frelght
traing at speeds of 20 and 30 wiles per honr end two papsen-
ger traina at 50 and 40 alles ser hour, respectively. The

doflaction teat Ydevslored ao conditions that fgu;d indieste
( il
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waaineas ln the atructure®.

It further apuyssra in the testimony taken before the
Comaittee of the Pennsylvenia Reilroad that the Haster Car-
penter was cognizant eof the fact that certain of the anchor
bolts of itho malin girders hud becn disturbed and that hoth
he and the Track Ferenan ware 6f oplnion that the bolts
st the ezat end of plate girder B were broxgen off down ln
the gtone woryk of the abutuent.

Phe resualta of chemlesl analysla and tensile tesatn of
the fragtured cover »late mude by the Pennsylvenia E. K.,
wera ag follows?

themigel Analysls.

Carbon «233%
¥angnnesge «25
PO spnors 252
Silicon 2118
Sulphur « 304
Iensile Tests.
Eluntie Tonsile Flongation Contrecotion
Limit: Etrengthat In 29 of aren
Pipection Lhs. peyr Lbs. per
of zrain, sc, ine s0e 453, % %
Lengthwlse 28,440 Af,B30 240 21.62
Crosguise 2B, 760 29,950 e 145
] 29,200 29,460 b. 3.85

The Comaittee Oof the Pennsylvania Hallrocd appointed

to Lnvestigute the anuze of the wreck of train Ne. 1%, in




e I8

referring to the bridge znld "the dexign of the atructure
pravented the diselosure of the rupture
of the eover plate under the usuzl in-
spection, except at the front sand vear
ends of the plote where the acousmulation
of palnt #ould tond to obacurae the same,
This dotsll fracture lhiad no objervalle
effect upon the atabillity or strengih
of the structure ss 13 evidenced by
the results of the deflection texts
nade the day hafore the wreck angurred.®

The Committee concluded "that the fallure of the hridge
was Oocca&sloned Yy Lhe ruptare of the gover plate of eolunn
Ho. 8,% which conclusion wppesars t0 be confirmed by the
avidencs presontad,

This brld,e hred evidently bheen ingpscted at frequent
intervals, none of which had diselosed the prezence of a
detall ar progressive {racture in the fatal cover plate.

It ohsneed that deflections were observad the day before
the wmreek, but such obzrrvieticng neant but very 1little. In
this case aothing moprs to.n tharl ~«n Inspagtor wus at the
bridge one day before the dersilusent, snd general sujer-
vision of the structure given it, Beyond & resgonsble
doubt the progreasive fr oture +as well advenced at that
time and probsbhly hwd b-on In an advanced stage for weeks
and months. The Comnittee of the Railroad, renarked that
thias detpll frocture o ¢ .10 ohdervable effeet upon theo

strength of the stricture. This remark is aceepted iIn




its wodified sense, nmeaning that the wealknsss of the plate
di¢ not produce sn effect which the method af iaspeotion
revealnd, &nd not that an isportant plate eracked noarly

through ita thickneass and on the verge ef couplete rupture

which wreektod a train the next day waes not a aource of woak-

neas.

¥hile 1t i3 desired to encourage and not discourage
adequate supervialon and inspection of so important a
structure a8 s bridge nevertheleas it is not eclear Just

vhat information was exnected to be derived fron ¢bserva-

tiong on the defleetlons of the nein girders of this bridge

under the walghta of pasaing tralins, at speeda ranglng
from 20 to &0 miles per hour.

The doflection of n girder depends upon the ncdulus
of elusticity of the material which goea to malke up the
zirder. That value apuesrs to remain constant iln a given
structural member, unless there ia a vary decided over-
strain, one in fTact which would Gecession such deforaution
s would throw the structure out of service. Overstrain-
ing would need be gulte gensral to produce sn ohgorvable
effeot on the deflection of z girder of this typs, Ly
re son of the lowering of thae value of the modulus of
elosticity of the iron., But the lowering of the modulus

of olasticlty by ovaratralin 1ia aot a permanent effect.




The moetzl recovers its normal value within a few days or
woelks, as shown by laboratory tests, hence such indleatlons
vould be effuced within a short time, and as applied to the
deflection of & girder the test might be consldered as lack-
ing in exactness.

An overstrained girdor would, however, ussume & lower
pesition with reference i 1ts originsl lsvel. To detect
such a permanent set would require m esreful determinustion
of its original helght and roexuminetion of that featurae.
Such a methicd of test or inascection dosz not appear to
e prescribed, slithough the loszs 1ln camber of bridges of
loag spun 18 a reccgnlizad Tealura.

Thess remariky sre extenﬁéﬁ since it ls desirabls to
inguire inte the resl value of current tests or methods
of inspection on whick rellance is placed to safeguard en-
gincaring atructures. Tests, of course, should not assume
a perfunctory eharactor, nor le-d to a fletitious idea of
geeurity, nor on zceount of the labor lavolved erowd cut
more offective and ~wore offlcient means of sequlring uyse-
ful information.

Brildge Ho. 43 1/2 wus certalnly a very much inspeoted

structurae, but as the rosult has shown Lt was not saved




frop & dissstrous fallure. Rellance sppears to have been
eonflined to inepeetlieon for a period of twenty-one yeurs to
furnlsh sssurance of the safety of this bridge for coastant-
1y ineressing truffic and heavier rolling atogk than in use
at the tlme of 1ts construction. &t leaat, no evidence

h: 8 been presentsd to show that any oritisal exsmination

of the plans of the bridege were made durlng thut interim
loadirg to tho discovery of defects in the strueture vhich
the wreck of traln No,. 19 elearly brought inte promginence,
detalls reeosnized az uedesirable as they sre now seen. In
the fatal cover zliate an unsatiafueectory detzil 1s recognized.
The dizcovery or recognition of gsuch & defective detail might
properliy have been eXxpected by the oustodians of the plang
of the bridge. The Pemmsylvanis Rallroad has from time to
tiage had ocoasiocn to renew lts gorller bridges and replice
them with stronger atructures. Such renewalz may have been
in »art the result of inspeetion ragorts on thelr coaditicn,
but generally from enginecering knowledge that the working
loads were npproachlng too high limits. 4An inspegtor,

esn hardly take up matters of design in the perfornance af
his duties nor queationa of saximum streases which result
from heavy train losdas; certain of the physical chiznges in

the straocture cuan only be puassed wpon by such inspeetion aa

s
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ordinarily nade,

It 13 well wnown that repeated stresass are competent
to effect rupture of metals without the dlsplay of ductility
which is witnessed in the ususl laborgtory test. When
failure eocura under eonditlions of repeated loading little
or ne display of ductility may he witnegsed. Buch being
the exza it i3 obvicusly futile to looit for relisbls indles-

tions of lmpending rupture in the resuylts of tasts for deflec-

tion under presing trailna., A more refined end eareful analysls

of the ocondition is nseded o ba asrvicesble to Judgs of the

approach of danger. Track inspection and mointenance is wholly

a different atffair to that of hridge inspection in sany de-
talla althouygh the ressmblance ias ¢loge in sone directlocas.
A sinlmun amount of wseful or relevant information results
from a tast for deflection under zassing trains when not
conneeted with otner ohservatiozs on the behavior of the
atructure, At 6J miles sJer hour, the rate of speead reported
for one of the trains uwd-or the welght of which 2 defleg-
tion test eas qade on tne duay preceding the wreek of train
Hoo 19, the duration of the tast, under maxisum load would

hardly be two seconas of tize. The interval of time during



whioh sny given pert ¢f ths bridge would be exposed to maxi-

mur load would be only & amall fraction of a ascond. The
effect on the atructure 0f such suddenly applied loads
ponsesses vary grest intereat, but the oerdinary doflection
test annmually conducted supplies meagre information on
irportant polinty at fsgue.

The smrogresaive nature of the fraature of the cover
plate afforded an onportunity %o discovar the wvemiensd
conditlon of the bridge, but sz atated hy the Committee of
thie Hallroad the design of the bridge prevented its dis-
closura Runder tie ususl Inspection®. It was insceegsible
oat in a comparatlve sense only, that ia as rogpseting the
usuzol inspectlon., The covaer plate was a short one and
englly reeched for pminting. The double latticing of the
vox glrder prevented direct viszuel Inspectlion of the plate
nlong its most stralned sectlon, whieh pert otherwise was
exosed to full view,

Fortable apoaratuz for the lnapectlion of inzeceasible
surfuaces has been in wse for many years ln other lines of
inapection service, consisting merely of a mlrror and lanp
for {llumination., It would doubtless be an innovatlion
to introduce such &n sp arstus in bridye inapection, but

in n cazse like the prezsnt one Lt 13 a quesaticn whather
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the most vital part of the structure shall ge uninspected
hecruge the Inapsctor eannot get his hesd into position

to viow the gritical part or to employ the necesssry means to
view the same., Viial parts, demanding careful inspectilon,
ghould be pointed out to the bridge inapestors by the brldge
engineers since the lztter have the plans st hend and op-
portunity to Judge by ecmputation what perts asre moat
strained, aceording to the design of the struecture.

The bent shape of the anchor holts at three of the cor-
ners of this bridge would auggent the kind of feorces which
varg aoting to atrzin the structure., The freedom of the
floor beams to move laterslly on the gust sbutment in re-
sponse Lo ecentrifugal forces and leading to the bending
af the eaver plate of the end column upder the box glrder
migzht reasonably have attraotod attention., The evidence
of hammering of the south web of tha bex glrdsy on the
cover plate supggests that some locaeness existed at this
place prior to the accident. It iz belleved that these
forees led up to the rupture of the eover plute. Fhile
the final rupture of the cover plate precipitated the
wreck, antecedent capuses which occeaicned the progreasive
rupturs of the plate zre thought to raslide in the features

Just mentioned.

C
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The grzin of the cover plate was parallel to the
length of the Yox girdar, thua straining the iren coronaswise
the grsin. The tenalle testa showed low results, only
29,959 lbs. per sj. in, Lln that direetion, with the elastiy
Limit and tensile strsngth nesrly eofanciding., W%hile iron
plates would not be expected t0 be uszed in the direction
found here there was no assursnce that such would net be
the case aad both ruptured covers, of eclumna Nos, 7 and
&, were 80 orlentsd that the bending atresses atrained the
sietal in 1ts wesukest direction.

Latticed column Yo, 8 mads of 127 channels, #3.7 1bs,
per yard should have an ultlmate cempresaive strength of
sbout 530,300 poundsg totsl. The strength of the cover plate,
unzsslasted by the 4" by 6" angles, assuming & moxinuzm fibre
stress of 30,000 lbs. per sg« ln. would be 83,000 pounds
total. The angles no doubt reenforced the cover plate still
leaving, it is belleved, a great dlaparity in atrength of
thins detnll over the ptrength in the body of the colwin.

The destructiveness to the track and to the train
cocurring beyond the bridge, rttantlon is direcfed to cop~-
diticns whioh prevsailed during the interval which immedlately
sncceeded the emerging c¢f the train from the depressed part

of the bridge. & drowbnr wea pulled out of the tender of
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the second locomotive. It would fall upon the tles, and
this may huve pracipitated the dissater which befell the
mtddl@ part of the train. MNarks on the trucks of the mall
osr snd the gowbined ear showed some blow had been recelved
at places on them Gvear the middle of the width of the track.

It seems not improbable that the drawbar in cuestion
atruck the blow, and that it caused destructive dsmage to
the trucka of the eara of the trzin which followed the com-
bined car., If this cecurred the geverity of the dersilment
wag the result of a seccondary cause and such 13 & probable
’explunatian of the cese.

In conclusion Lt apresrs thst the derallment and
wrack of weat bhoumd train Ho. 19 on the main llne of the
Pennsylvania Rallroad, necr (len Loeh, Pa. was cnused by
the fallure of bridge To. 43 1/2.

That the lmmediste ozuse of the failure of the bridge
wag due to the gompletion of a detail or progreasive frue-
ture which existed Iin and flnally separated the ¢over plate
of column No. 8, which sunported the east end of the box
girder on which the flour besms of the bridge restad, The
completion of this fructure allowmed the bridge to sag to a
depth of about 18% over colunmn Ho, 8,

That the dersllment was eaused by the train dropping
into this depressed gection and its elevatlon ﬁgggffram.

()
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Subsequent events pertaining to the destruction of the track

and the wrecking of the traln were incident to the breaking
loose of the locomotives from the train ifmmediately upon
snarging fron the devressed section of the track.

That the cover plate of golumn Ho. 8 was essentially
a wgak dotall in the design snd ecnatruction of the bridge.

That, &3 & watter of opinion, the ecover plate had heen
in 2 state Of partial rupture for & number of montis, not
uniikely extending beyond the perlad of a year,

That a number of inspections by the Pennsylvania
Rellroud, nad “een mzde in the Iinterinm and that ncne hed
dlsolosed the presence of this partially ruptured plate.

That a tast for deflection ¢f the bridge had been
mada the day before its fallurs, while a regular menthly
inapection for detzlled defects had been mzdoe nine daya
prior to the failure znd slzo & sepi-anmual inspection
ahout elght wecks pricr to its faillure, none of which dis~
glosed any slement of weaknass in the bridge, although it
is bellieved t0 have been in a weskened comdition at the
time of these inspections. In consequence of conditions
found to exist at the bhridge pertalning to fta lagk of
lateral stabllity at the enstern and, the hammering effect
of the box girder that hed taken place over the cover

plate, the bant eondition of the anchor bolts of the maln
PN
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girders in an outward direction, thess eonaiﬁeratiuns make
1t appea§ thet the bridge inspections as oarrled out were
{neffentual and inadeaguate to revesl the condition of the
bridye, and froa their inefficliency would tend te give an
srrongous and flse feeling of security in the structurs.

That while the line of fraoturew in the cover plate
was inaceesslble under the ususl inspection accorded this
struoturs, its position offered no insurmountable obataclo
to discovaery by methods of inspection in vogue in other

lines of work.

That bridge engineers should ascquaint bridge inspectorsa
with a desaeription ¢f parts of bridges undar thelr eare which
are likely to receive the greatest loads in service and that

menns should be provided for the inspectors to meke proper
and adequate insnection of asll such parts.

That the easterly part of the bridge including the
track, floor system, main glrders, two supporting eolumns
and a sectlon of the box girder, waas affected at the time
of the derailment.

That the fallure of the eover plate was promoted by
the luck of lateral stubility of the dridge which earried
a track of 2 degreas curvature and was therefore exposed
to an ocutward thrust by iLhe centrifugsl force of peasing
trains. OSpeeds of sixty miles per hour on the bridge

O




wore attained,

That the fallure c¢f the sover plate was accelerated
by the weakness of the metal, from 1ts baing strained in
a orogsswise direction,

To gusrd sgalnst & recurrence of auch acoldentz s
eritical examinztion of the detalls of other Ybridgess in
service would be expedient in order to ascertaln whether
or not sny of their structural members are exposed to
ovarstraining loads under present inoresgsed welghts of
equipment aad not provided for at the’tine of construction
of these bridges.

Respeatfully sutmitied,

/o/ Jeanes R. Howard,
Bagineer-Phyaslciat,




