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January 7, 1913. 

The Director, 
Bureau of Standards, 

Washington, D. C . 

Dear Sin 
I have the honor to report upon the failure of 

bridge So. 43 1/2, on the aain line of the Pennsylvania 
Hailroad, near Glen Loch, Pa., which occurred under west 
hound train Mo, 19, at about 11*40 P* K,, aovesibar 27th, 
1912. 

This train was compoaed of a helper locomotive, a 
train locomotive, a mail car, a combined ear, « day 
coach, and nine sleepers; all of steel construction. 
Tho total weight of the train was 2,327,780 lbs., aade 
up as followsi 
Loeoiaotive tio» 2426, Engine, 133»100 lbs. 

Tender, 132,500 » 
Locomotive So. 1618, Engine, 183,100 n 

Tender, 132,500 » 
Mail car, Mo. 6559, 123,900 » 
Combined car. Ho. 4S91, 125,800 " 
Day coach, Ho. 1763, 115,700 tt 

Sleeper, Glon Hock, 148,500 « 
» tfilverton, 14^,500 n 

« Mansfield, 147,740 n 

« Midway, 147*740 * 
" lambson, 147,740 " 
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Sleeper, Airey, 147,7,40 lbs. 
B Econoay. 147,740 « 
» fcestlsnd, 147,740 « 
» Allenport, 147,740 11 

Each ĉ r had six-wheel trucks, excepting the day 
coach whioh had four-wheal trucks, 

The axle loads vtere as follows: 
Lsedlng trucks of the engines, 16,$50 lbs. 
Forward drivers, 56,700 " 
Rear drivers, 61,500 * 
Trails, 31,200 » 
Tender, 33,125 R 

Mull car, 20,650 " 
Combined oar, 20,967 " 
Day coach, 28,925 n 

Sleeper, Glen Hock, £4,750 M 

•» Sliverton, 24,750 " 
M Hansfield, and Pinch of th© 

other ai* sleepers, 24,623 M 

Th© total length of the train was 1104 feet, 5 l/4B. 
The train was praee*idiri£ In a westerly direction on 

trnck 3 o . 4, drifting on • down gmde of 0,29$, when it 
reached bridge So. 4,3 1AV; the track on the bridge and ®ast 
and west thereof bi»iuj; on ̂  ;-cU^rc© curve, curving south­
ward. Th© spoed of the tr-.ia when it reached the bridge 
was astiaettad to be about 4 8 ralies per hour* 

t 

TYi& failure of fhe bridge took place, apparently, when 
the leading locomotive -*na upon it, resulting in a partial 
derailment of the train, %nd causing the death of four 
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peraona and injury to forty-nine others. The middle part 
of the train consisting of the day coach and four sleepers 
left the roadbed immediately beyond the west end of the 
bridge, and wore thrown down a*25-foot esbankrasnt. The 
two locomotives, the mall oar, the combined oar and the 
last five sleepers rea*tinod on the track or on the roadbed. 

The track was destroys!, beginning at the ©est end 
of the bridge for a length of 369 feet. 

The tender of the leading loeoaotive was uncoupled 
from the engine of the second locomotive. The leading 
locanotive ran a distance of about 2000 feet beyond the 
bridge, with forward driving wheels and So. 4 tender truck 
wheels off the track, each on the south Side of the rails. 
The second locomotive broke loose froa the train, the draw 
bar of the tender pulling out* So. 1 driving wheels and 
No. 2 and No. 4 tender truck wheels of this locomotive 
were off the track, on the saoe side as those of the lead­
ing locomotive; that is, toward the inside of the curve. 
The sail c.-ir v?as partially derailed, while the wheels of 
both trucks of the combined oar left the track. 

The day coach case to rest at the foot of the embank­
ment, bottom aide up. Four sleepers rested on the slope, 
forming a huge letter Wj the forward on©, the Gl^n Rock, 
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coraing Into contact, aid©wise and against ltd roof, with a 
steel hopper car which stood on track Mo, 7 at tho foot of 
the embankment. This ear fcas loaded with coal, the col­
lision with which necessarily resulted in injury to the 
sleeper. Excepting at their ends the other sleepers, on 
th© slope, were comparatively little injured, The last 
five cars Of the train did not leave the track or roadbed 
and wers in general good condition after the derailment. 
These steel cars showed superior structural qualities and 
to their strength the small list of casualties was without 
doubt due, «hil$ fire did not add to the disaster. 

Bridge tto, 43 1/2, iron structure built in 1391, 
spanned tho two tracks of the Trenton branch of the Penn­
sylvania H,R., and carried ^est bound tracks Nos, 3 and 4 

of tzw amin line of the roan. Thea© two west bound tracks 
are ussd for freight end muscat T traffic respectively, 

It is a ske* bridge on an^le of about 15 degreea. 
There arc tiso spsns of u«ilf-through plate girders. Th© 
outer ends of the jirdcra ra^t upon stone abutments, the 
inner ends upon a box ^Irncr ^Ulch in turn was supported 
by eight latticed eolavn^ standing upon a center wall be­
tween the tr* cks of the Trantoa branch. The latticed 
columns were Etrsde of tvo 12" channels each, and in height 
are a f̂ w Inches over I 4 f^et, Thay were provided with 
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base and cover plates, each 24" square, the base plates be-
in ̂ anchored to the center wall by four 1" bolts, while the 
box girder was bolted to the cover plates by four 3/4" bolts 
at e ch column. The channels were connected with the bose 
and cover plates by gussets and angles. 

The asein plate girders of the bridge were anchored to 
the abutments by saeans of two 1 1/8" bolts at each corner, 
ei^ht bolta in hll. Expansion was provided for at the 
^est end of the bridge. Each main girder was provided ^ith 
gusset braces, five eech for girders designated by the let­
ters A. B. and D, nnd siz, for girder C. 

Th© floor be**qs, 15" I-beaaa, were at their outer ends 
In p&rt riveted to the webs of the m&Ln girders, those ho«?-
ever which reached to the abutments rested upon the masonry 
without attachment thereto. Shoes 8* by 10", of two 3/4" 

plates were riveted to the lower flanges of the I-beaas and 
rested directly upon the abutment walls. The inner ends 
of the floor beaias were bolted to th® box girder. 

Wooden stringers were carried by the floor beams, 
secured by «ngl© irona, on which the ties were notched. The 
track, ffhioh was laid with rails of 100 pounds section, had 
*3tool guard rails inside, and wooden guard rails outside* 

Concerning the derailment, the most easterly narks on 
the ties were found on the bridge about 66 feet west of the 
ettst end of girder B, and abreast column Ho. 3* They were 
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located on the north side of the north rail of track Ho. 
4, that is, the track en which train 9c. 19 was running. 
Figure Ho, 3, a floor plan of the bridge, indicates the 
places occupied by the siain plate gird erf?, designated by 
letters, the box girder and supporting latticed columns, and 
sho^s parts affected at the tisae of derailment. 

Thea* first aarks on the ties were not numberous nor 
were they very deep. Since the derailed wheels of the two 
locomotives users round on the opposite side of the r&ila, 
that is on the inside of the curve, it is believed that 
these most easterly saarks represent a secondary occurrence 
^nd not a priaary one. 

Sear the ai&jle of the length of the bridge there were 
flange aeries on the south side of both rails of track Ho. 4. 
Between these two points, there was located a rail, a north 
one, which waa vc»ry taucn bent. Measured after it wtia re-
sovad froa the tr^ct, it nns 3 middle ordinate of 6 l / 2 n , 

conoiive on the gau^e side. The middle ordinate for a rail 
33 feet lonj;, the length of this one, to conform to tho 
curvature of a curve, should be 9/l6fl. 

The middle of trie length of this bent rail was nearly 
abre&at column Ho. 3, whor-o the depression of the track v&$ 

greatest at the ti^e of iur-iilaent. It ma the only rail 
on the bridge which recviireri to be replaced by a new 
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one when the line waa reopened for traffic, This rail 
probably played an important part in casing the several wheels 
of the two locomotives to re^oh a position on tha south side 
cf the south rail. 

/tccording to the report of the Cooiialttee of the Penn­
sylvania Railroad, appointed to investigate the cause of the 
wreck, the agression of the bos girder over column So. 3 

about 13". The depression over colussn Ho. 7 was very 
much leas, only a few laches. 

Both locomotives dropped into this depression, which 
wea lowst on the north side, received a rocking motion, and 
were then suddenly raised out of the hollow. The flanges 
of the derailed wheels on the south side of th© locomotives 
apparently cleared the top of th© south rail as tho trucks 
carae out of the depressed section, possibly having received 
an impulse la that direction fross the bent rail. The rolling 
taction of the leading engine knocked the engineajan off his 
seat toward the south, Ite felt the engine go down and thsn 
corae up. 

In th© vicinity of coluan Ho, 8 and the bent rail the 
jjroat&at depression and lateral displacement of the bridge 
both occurred. 

Tho steol inner t̂iard raila and the wooden outer ones 
kept tho train In good condition until it cleared the bridge. 
Tho bridge ties were bunched but little. They were moved 



an inch or two. 
Froa the west end of th© bridge, proceeding westerly, 

the track waa torn out for a length Of 3̂ 9 feet. Out of 
soiae place in this destroyed section the ears which were 
thrown down the ©rabkruoaemt left the roadbed on the north 
aid a of the track. Th£ locomotives, the nail car and the 
combined car, continuing along the track, marked the tios 
on each side of each rail. The la&rks farthest west, how­
ever, ̂ er© on th© south slds only of each rail, thesf? being 
•ad© by th® derailed wheels of the loeotHOtives. 

Prior to th«* time train Ho. 19 reached the bridge it ia 
believed that the trnck on the bridge and vicinity was in 
a high state of efficiency, referring to the rails, guard 
rails, ties, strikers and roadbed. The track maintenance 
appeared to hr<vp i>«?«m <s:ce elicit, the injury to the track 
being the reŝ ilt of tho failure the bridge, track condi­
tions not contributing tov^rd it. 

The condition of the bruise after the derailment showed 
tlMt the chief injury to tiie structure occurred at the upper 
ends of columns *Jc«. i ,*nd 7, and to tha section of the boz 
girder which thefts two columns supported* Also that the 
pert of the floor system ^hich rested upon the east abutment 
was disturbed in its position while the two north main girder 
designated by th© letters A and B were effectad> Th© upper 
fiance of girder A w^s buc>'Lad at the gusset brace nwr its 
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ewl which rested upon th© box girder. The west end of plate 
girder 3 was bent outwrrd slightly. These bends B a d e an 
outwurd bulge soa© fifty feet across. 

Described In detail, girder A was straight from its 
west end to the third gusset brace. At that brace the 
girder was bent toward the north, reaching a maxitausa at the 
fifth gusset, where the top flange was buckled at the inside 
edge. Between the third gusset and the end which raited on 
the box girder the middle ordinate was 4 1 /4 H , on & chord 
of 45 feet a*. The inner ends of both aorth girders were 
raoved outward, girder A about 3 B and girder B about 4 1/4", 

measured after the bridge had been jacked up, and each 
had sheared the bolta which secured It to the top plate of 
the box girder. Tho bent rail previously referred to was 
located opposite? this bulge in the ssain girders. Its posi­
tion in the track is indicated by two short lines drawn 
across the line representing the north rail, on tne plan 
of the bridge in figure Ho. 3. 

For nearly one half its length girder A was tied across 
to girder 1?, b^ing connected through the floor bea&s. The 
oart tnua reenforcad regained straight. At the east end of 
girder D the angle iron connections of the first floor beaia 
vero fractured at the tlae of the derailment. The anglos 
M d previously been p©rtielly fractured by a blow which had 



been received by the girder, the rupture being completed on 
the areaant occasion. This floor besra, through ita eonnee-
tiona, afforded the first positive anchorage of the north 
girder againat centrifugal forces tending to cause an out­
ward lateral asovosient of the bridge during the peaaag® of 
trains at high rates of speed. 

The shoes of the floor bê sis had apparently worn smooth 
seats on the masonry of the vu&t abutment, froa which it 
K p p e^ra that t'.ie frteticnal resistance of the beans &t taelr 
mvts rsatlng upon the abutment wall was of uncertain value 
in r^slatin^; centrifugal force®. The floor beaaa saoved on 
the oast sbutaont at th« tin© of derailment. Ife&surad after 
the bridge hnd been J.iCkad up, the mxtmm outward saov̂ aient 
was about 4 which r» u*03<»nt3 th© displacement of the 
be&sa which reached cross fron the fifth gusset brace of 
girder A. This beaa W ^ P iiiso let hackward toward th© east 
one Inch at Its end on ti^ -ibut-ieut* The beams swivelled 
about seme point alon; *n^lr length end while being Koved 
outw&rd their north sjntla v«ro probably carried along in the 
direction the trcin tr'veiled, causing their south ends to 
be act buck toward the *3*jt. The shift in position of 
the floor beesas diBiial'ih-d in extent toward the ends of tha 
abutment where ilm anc^cr> ̂ en of the main girders arrested 
the movement, ^ 

I 
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There was no evidence thut the ends ef the main girders 
were carried northerly on tlie occasion of this derailment 
but thrae of the corners showed the niiiehor bolts had been 
bent In a northerly direction, the result probably of suc­
cessive Impulses eeceived during the period of tisae in which 
the bridge had been in service. 

Th© bolts of girder B «ere partially withdrawn from 
t,'a<d ,itona«ork» 

At tha southwest corner of the bridge, the bolts of 
girder C were not disturbed. This corner would not be 
c^llod upon to resist centrifugal forces of trains rounding 
th© curve at apsed, on sccount of the reaction of the ssest 
abutment. 

Although the abstractiveness of the derailment owed 
its origin to the failure of the bridge, there was com­
paratively little evidence present until the west end was 
reached and passed. The- dana&e to the track and to the 
train 1 mediately resulted fro^ conditions which affacted the 
trucks shout the tiue they left the bridge* 

Selow the floor be^s the injury to the bridge was con­
fined to the section of the box girder between columns 
Ho a* 6 find 8; and to ealums 3es* 7 and 8, 

The initial line of rupture appears to have been th© 
completion of a fracture which existed prior to this derail-
joent in the cover plt̂ t© of column Ho* located near its 
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south edge* and directly over the south vertical face of 
the guaset plate of this colusm. Figure Ho* 4 shows the 
details of the top of the eoluan aad Indicates the location 
of thie line of rupture. 

Th$ cover plate prior to the disaster was ruptured 
through the gro&tsr part of its thickness* It «ss 3/4n In 
thickness, pls>nod on It a up f«ee« The initial crack 
extended frô t th© upper surface downward & depth of ahout 
5/Sw at the deepest place, leaving 1/8* thickness of un­
ruptured metal, Th* completion of this line of rupture 
la believed to Iwvfj been ^he i/aaediate et>.u.̂e of the disas­
ter. It peraitted th® bo:c girder to drop down ov©r the end 
of colurn Ho. 3, cminirî  the S&JT, of 1S W in th© brldg© 
noted by the Railroad Con^ittro, 

There ms H bending wwhent at the to? of column So. 8 
which put the tipper surf-ce of t',is cover piste Into tension 
Fro'? outside to outside *• ;p (;r;jet plates the column 
ae&surod 13", •thii** the x.; glrdar which it supported nea-
sur^d 16 l/£w frois insl^u to inside of Its w©b plates, an 
overhang of 1 5/#" »n t 1 i;•?* "here irss evidence of leojie-
ness at the joint bet̂ - i "r.p coTer plate i&ad the fceb ̂ eaber 
of tha box girder, at I<?̂ :t st the south web, which wee the 
ruptured <jdge o-f tho eo^r*, Repented ivî fserlng of the e©b 
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plste had indented and slightly grooved the upper surface 
of the cover plate* Figs. Soa. g and 6 show the appearance 
of this cover plate after removal from the bridge* 

These conditions are believed to have started & pro-
^rsssive fracture in the cover plate, which was promoted 
by a deficiency in lateral stability of the bridge along 
its easterly half. Trains; passing over the bridge at high 
rates of speed would tsmd to move it outward and exert an 
overturning tendency on aolusm So, 0, such as it Mght be, 
whilo the floor beards would nocessarily deflect under the 
weight of the train and further intensify the stress trans­
mitted through the south web of the box girder. Th© load 
transmitted to column No, & by the min girder B would atill 
further eau^e this to be a highly stressed eiesber, and tend 
to rupture the cover plate. In addition the grain of the 
iron of the aover pi&te ran lengthwise the box girder, which 
eauaed the bending .itroas on tho piste to be crosswise th© 
grain - that ia, it was stressed in its weakest direction. 

The tendency of the bridge t© shift its position in 
a aetherly direction under the influence of the centrifugal 
forces of the trains is shown by the bent condition of the 
anchor boltg at three of Its corners, fhereas, ti^s well 
taaped in a wall-balloted track ordinarily hî v® sufficient 



friotlonnl resistance to Steep the track froa shifting out­
ward on curvRa, in the present instance the tied as a 

group on the iron I-beams of the floor system did net have 
the advantage of such frictlonal resistance. Furthermore, 
the supporting columns of the box girder could easily be 
overturned by an outwsrd thrust on the track* These 
columns were tied together in pairs by braces, but such 
bracing was not in the direction which would Bafcerlally 
increase the stability of the bridge* The easterly end 
of the bridge was retsinsd on its abutment chiefly by the 
resistance of the anchor bolts at the ends of the sain 
girders, while they were bent in offering such resistance. 
Attending these conditio as it would sees* that the cover 
plate of column So. $ had been repeatedly subjected to 
bending stresses bath fro- th© downward weight of the 
trains and froa their outward centrifugal thrust, and that 
aosae? looseness h: d peraittod or ^ b&araerln^ action of the 
south wsb of the box gir^or upon the cover plate, all of 
which had resulted in the development of a progressive or 
detailed fracture. Vit1; such a fracture started it was 
only a question of 11.3-3 *hen rupture of the plate would be 
completed and th© failure of th© bridge eonfluaEoated. 

The formation of A ^regressive fracture is the rosult 
of occasional ov**rlo:id&'? repeated a gre&ter or less number 
of tines according to their se^nitude. If thefoverload 
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ro&chcd a mssl^us at arch application, rupture would soon 
tfek© place, but such ia not usually tho case undor service 
conditions. Doubtless it was an oxoeptienal incident in 
tho history of this bridge when all the conditions of 
loading conspired toward developing a Kaxitsuw stress* In 
the interval of tisse since the bridge was built thare has 
b@@n a decided increase in the weights of rolling stock and 
concentrated loads on wheels, and higher stresses no doubt 
have bean received by the bridge In recent years over those 
of foroer ones. 

the length of ti^o during which this fracture has 
hmm in existonce c&nnob be told. As a matter of jud̂ icsent 
It may fttwe been in process of development for a number of 
years. It could hardly have beon developed, however, to any 
great extent four ys&ra ago, the last ti^e the bridge was 
painted, since paint had not run into the crack. It is not 
believed to have had lis origin within a period of & few 
months. 

The photographic prints figures #es. 5 &nd & illus­
trate tne appearance of th© upper and lower surfaces re­
spectively of thia cover plate. There were two 4* by 6* 
angles riveted to the plate by five yivots each, the 
rivets being countersunk on the upper surface. The four 
bolt holes for the 3/4" bolts which secured the box girder 



16-

to the top of the colurm ore shown In figure Ho. 5. 
The line of rupture was *t a distance of 1 7/8 p to 3" 

frois the grooved or indented line oa the upper face of the 
plate, the indented groove raada by the south vertical web 
of the box girder. The rupture began at the top surface of 
the piste and extended downward. During Its formation and 
development it would be visible in so far as not having 
boen directly covered by any oth^r member* Its accessibility 
for inspection or detection, however, was inpeded by the 
double latticing of the vertical webs of the box girder. 

There were other ruptured parts of tho bridge below 
tho level of the floor beans. The cover plate of column 
Ho. 7 W A S ruptured, the line of rupture occurring near th© 
north adge, &t a corresponding place to that of Ho. S, only 
on th® opposite $ide of the column. The appearance of the 
fractured surface shewed tie fir-.li running in the sera© 
direction as thut of col tain -lo. i, tlvst is both cover plates 
ware fractured crosswise the ^rain of the Iron. This frac­
ture was not examined sufficiently early after the derail­
ment to achait of o definite at^te&ent being raade concern­
ing tho presence of an initial rupture preceding its final 
fracture. 

When th© fnilura of the bridge occurred the upper end 
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cf column fto. 3 ©ae tipped toward th® north, that of So, 7 
toward the south, each being esrried over in n direction 
opposite the side on which their respective cover plates 
were fractured. The anchor holts at the bases of the 
columns raere disturbed on the sides opposite the directions 
in which the tops &©v<?d. ^ceosipenving the movements of 
the tops of those columns there m& a twisting of the box 
girder# The latter developed a longitudinal eraek along 
the north vertical web, ita angles were bent and cracked, 
the splice plates connecting this section of the girdar 
with th&t ntfxt to it wore injured, and the lattice bars 
quite generally beat. 

The curvature, immediately east of th© bridge, was 
t&ken out and the track str&ightpned the length of s. rail 
or two by reason of the northerly movement of the floor 
system and the rails thereupon. 

The rule® of the Pennsylvania IU H. company require c 
monthly inspection of its bridges by a Bridge inspector, a 
sesai-unnusl inspection by the Division Engineer and Master 
Carpenter, and an annual test for deflection. The monthly 
inspection la for th© detection of detailed defects, if any 
are present, ftecent inspections of this bridge ^ere as 
followsI 

Sosai-annual Inspection by the Division Engineer 
and Maxtor Carpenter, Oct* 7, 1912 

Monthly Inspection by the Bridge Inaaeotor, 
Hov. IS, 1912 

Annual deflection test, by the Bridge -
Inspector, w 26, _H 

The bridge failed, « 2 ? , n 



Th© sesl-annual inspection jointly mede by the Division En­
gineer and the Master Carpenter "disclosed no imperfection 
effecting the integrity of th® bridge*. Th« Bridge In­
spector reported the structure in good condition, giving It 
the highest aark provided for on the inspection report blanks, 
excepting the back wall was reported "fair% a condition 
not affecting the present accident* 

The Bridge Inspector who reported upon th© condition of 
taie bridge at&ted that his aaoutuly inspection included the 
examination of "rivets, connections and everything connected 
with the bridge". 

The Maator Carpenter of the Philadelphia Division, on 
®Mch this bridge Is located, testified thut it was tho 
custom to inspect every bridge evory thirty days, that be 
had froa five hundred to al> hundred bridges under his car©, 
and sis Inspectors tor doini, thp «ork» Froa this testimony, 
It would foppeuv that some twenty bridges per day «ould re­
quire to be inspected on 'il-a division by six men, 

The test for deflection aonsiated of observing the de­
flection of the zmln winters' during the passage of regular 
trains over the bridge, in this ease there being two freight 
trains at spaeds of ^0 and 30 wiles per hour and two passen­
ger trains at 50 and 60 alios ser hour, respectively. The 
deflection test "dev*5lo )&4 oo conditions that would indicate 

( * 
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weakness In the structure". 
It further appears In the testimony taKen before the 

Cosrtalttee of the Pennsylvania Railroad that tho Master Car­
penter w&s cognisant of the fact that certain of the anchor 
holts of tho Mala girders hfcd been disturbed and that both 
he and trie Track Foresmn were of opinion that the bolts 
' i t th® east end ©f plate girder B vere broken off down in 
the stone worH of the abutsaent. 

The results of cheaical analysis and tensile testn of 
the fractured cover plate raacSe by the Pennsylvania B. h,t 

wero as follows! 
Chemical Analysis. 

Silicon 
Sulphur 

Carbon 
fcf&nfc&nese 
Phosphorus 

.025 

.115 

.006 

T?nsUp l ? - ? t i $ ' 

Elastic Tensile 
Iiiaitt Strength* 

Elongation Contraction 
in 2 B of area 

Direction 
of ̂ rain. 

I*bs. per Lbs. per 

Lengthwise 
Crosg«ise 

ft 

The Costa it tee of the Pennsylvania Bailro&d appointed 
to investigate the onuse of the *reck of train No. 19, in 



-20-

referring to the bridge said ntne design of the structure 
prevented the disclosure Of the rupture 
of the cover plate under the usual in­
spection, except at the front and rear 
ends of the plnte where the accumulation 
of #slnt tvould tend to obscure tl%& same* 
This dotftII fracture lmd no observable 
effect upon the stability or strength 
of tho structure as la evidenced by 
the results of the deflection testa 
made tha day before the wreck occurred.* 

The CoBR&Ittee concluded nt\mt the failure of the bridge 
ssras occasioned by the ruytore of the cover piste of column 
3o, which ccncluaion appears to be cosiflnaed by tha 
evidences presented. 

This* brldfcie hrd evidently beesn Inspected at frequent 
Intervals, none of mhich h&d disclosed the presence of a 
detail or progressive fracture In the fatal cover plate. 
It oh&need that deflections ware observed the day before 
tna wreck, but such obH'rrvatiwn? ̂ oant but very llttl®. In 
this ea&a oothing aor** tu^n tiv. t rm Inspector was at the 
bridge one day before the derf.iliaent* and general super­
vision of the structure given It. Beyond a reasonable 
doubt th© progressive f r ,ctur<* s*ae well advanced at that 
tiae and probably had >*«m in an advanced stage for weeka 
and raontha. The Coraiittep of the Railroad, remarked that 
this detail frncture w c AQ observable ©ffeet upon the 
strength of the structure. This remark la accepted In 
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its modified sense, isesnin̂  that the weakness of the plate 
did not produce uxx effect which the aetbod of inspection 
revsal»?d, snd not that an important plate erected nearly 
through ita thickness and on the verge of complete rupture 
which wrecked a train the next day waa not a source of weak­
ness* 

While It is desired to encourage and not discourage 
adequate supervision and inspection of so important a 
structure **s a bridge nevertheless it la not cleer just 
what Information «ras exacted to be derived frews observa­
tions on the defloctlonss of tho saein girders of this bridge 
under the wolghta of passing trains, at apeeda ranging 
froa 20 to 60 alias per hour. 

The deflection of a girder depends upon the modulus 
of elasticity of the material which goes to oalce up the 
girder. That valus p̂ue>ars to r eras in constant in a given 
structural seisber, unless there Is a very decided over­
strain, am in fact which would occasion such deformation 
as »ould throw tho structure out of service. Overstrain­
ing would need be qulfc$ general to produce en observable 
effect on th© deflection of a girdor of thin type, by 
tB son of the lowering of the valuo of tho modulus of 
elasticity of the iron. But the lowering of the modulus 
of elasticity by overstrain is not a permanent affect. 
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The aet&l r®cov»rs its normal value within a f«w days or 
weefeŝ  as shown by laboratory tests, hence such indications 
nould be effaced within a short time, and as applied to the 
deflection of a girder the test Blight be considered as lack­
ing in ox&ctneas* 

An overstrained girder would, however, tssumo « lower 
position with referencet» its original level. To detect 
such & panaiment aet should require a careful deteraiin»tion 
of its original height and r®ex&islnetion of that feature. 
Such a ssethod of test or inspection does not appear to 
be prescribed, although the loss in camber of bridges of 
lone span is a recognised feature. 

These vmnnrkst are extended since It is desirable to 
Inquire into the r«al v&Xuo of current tests or siethods 
of inspection on which rreliance is placed to safeguard en­
gineering structures. Tests, of course, should not assume 
a perfunctory character, nor lO'Ht to a fictitious Idea of 
security, nor on account of th© labor involved crowd out 
&oro effective and iore efficient se&ns of acquiring use­
ful Information* 

Bridge Ho. 4 3 1/2 was certainly a very such inspected 
structural, but as thr? result has shown it wss not saved 
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fragi a disastrous failure- Hellanee eppears to have been 
confined to Inspection for a period of twenty-one years to 
furnish assurance of the aafaty of thie bridge for constant­
ly Increasing traffic and heavier rolling stock than in use 
at tbe tise of Its construction* At least, no evidence 
hzs been presented to snow that any critical examination 
of the plans of the bridge were amd© during that interim 
leading to tha discovery of defects In the structure which 
the wreck of train Ho. 19 clearly brought Into prominence, 
details recognised «e undesirable as they are now s&en. In 
the fatal cover plate an unsatisfactory detail is recognised. 
The discovery or recognition of such « defective detail sight 
properly have been expected by the custodians of tha plans 
of ths bridge, Th© Pennsylvania Railroad has froa ti^e to 
tiae had occasion to renew its enrllar bridges and replace 
then with stronger structures. Such renewals m&y have been 
In >art the result of Inspection reports on their condition, 
but generally from engineering knowledge that th© working 
loads if ere approaching too high Units. An inspector, 
can hardly take up jaatteri of design in the performance of 
his duties nor questions of a&xliauia stresses which result 
from heavy tr&ln loads; cartaIn of the physical changes in 
the structure can only be passed upon by such inspection as 
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ordin&rlly emde. 
It Is well known that repeated stresses are competent 

to effect rupture of aetals without the display of ductility 
which is witnessed in the usual laboratory test* When 

failure occurs under conditions of repeated loading little 
or no display of ductility may be witnessed. Such being 
the e a s e it Is obviously futile to look for reliable indica­
tions of impending rupture in the results of teats for deflec­
tion under passing trains* A ©ore refined and careful analysis 
of the condition is needed to be serviceable to jud&e of the 
approach of danger. Track inspection and maintenance is wholly 
a different affair to that of bridge inspection in ®my de­
tails although the resemblance is close in some directions. 
A sinlnua amount of useful or relevant information results 
from n taat for deflection under pasting trains when not 
connected with otnor observations on the behavior of the 
structure* At 63 railes jer hour, the rate of speed reported, 
for one of the trains und^r the weight of which a deflec­
tion test i?as -nade on t n e day preceding the wreclc of train 
Ho. 19, tha duration of the t«st, under oaxiaura load uould 
hardly be two aeconea of tisse. The Interval of ti&e during 
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whloh any given part of the bridge would be exposed to nuutl-
amra load would be only s aaell fraction of u second. Tho 
effect on the structure of such suddenly applied lends 
poaso;5s<55 very great interest, but the ordinary deflection 
test annually conducted supplies raeagre information en 
important points at issue. 

The sjrogresslvo nature of the frsoture of the cover 
pl&ta afforded an opportunity to discover the v*ea«cen<sd 
condition of the bridge, but as atated by the Committee of 
tho Railroad the design of the bridge prevented its dis-
closura Kund^r the usual inspection**. It was inaccessible 
but In a comparative sense only, that is as respecting the 
usual inspection. The covar plate was a short on© and 
easily reached for painting. Th© double latticing of tho 
box girder prevented direct visual Inspection of the plote 
along its moat strained section, which pert otherwise was 
eat-josod to full view. 

Portable apparatus for the inspection of Inaccessible 
surfaces las been in use for many years In other lines of 
inspection service, consisting merely of e mirror and lata© 
for illumination. It would doubtless be an innovation 
to Introduce such an arstus in bridg© inspection, but 
In n case like the present one it is a question whether 
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the asost vital part of the structure shall go uninspected 
because the inspector cannot get his head into position 
to view the critical part or to employ the necessary iseans to 
view the sarae. ?ltal porta, demanding careful Inspection, 
should be pointed out to the bridge Inspectora hy the bridge 
engineers since the latter have the plans at hand end op­
portunity to Judge by computation what parts are most 
strained, according to the design of the structure. 

The bent shape of the anchor bolts at three of the cor­
ners of this bridge msuld suggest the kind of forces which 
«ere acting to strain the structure. The freedom of the 
floor beaias to move laterally on the east abutment in re­
sponse to centrifugal forces and leading to the bending 
of the cover plate of the end coluam under the box girder 
sight reasonably have attracted attention. The evidence 
of hararaering of the south ^eb of tha box girder on the 
cover plate suggests that aose looseness existed et this 
place prior to tbe accident. It is believed that these 
forces lad up to the rupture of the eover plate. While 
the final rupture of ths cover plate precipitated th© 
wreo&, antecedent causes which occasioned the progressive 
rupture of the plate are thought to reside in the features 
just mentioned. 



The grain of the cover pints was parallel to the 
length of the box girder, thus straining the Iron crosswise 
tho grsin. The tensile tests showed low results, only 
29,950 lbs. per sq, in. in that direction, with the elastic 
Halt end tensile strength nearly coinciding. While iron 
platf*a would not be expected to be used in the direction 
found here there was no assurance that such would not be 
the case &nd both ruptured covers, of columns Nos, 7 and 
3, wre so orlonted that the bending atresias strained the 
£i«tal in its weakest direction* 

Letticed colusm 3o, 8 antde of 12" channels, 83,7 lbs, 
per yard should havo an ultimate compressive strength of 
about 5̂ 0,3(10 pounds total. Ths strength of the cover plate, 
unassisted by the An by 6" angles, assuming a max inn® fibre 
stress of 30,000 lbs. per sq. in. would be 83,000 pounds 
total. The angles no doubt reenforeed the cover plate still 
leaving, It is believed, a great disparity in strength of 
this detail ovor the strength In the body of the colusin. 

The deatructiv&nesa to the track «nd to the train 
occurring beyond the bridge, attention is directed to con­
ditions which prevailed during the interval which lmedlately 
auoceedpd the emerging of th© train fro© the depressed part 
of th© bridge. & drswbnr sr&a pullod out of the tender of 
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the second locomotive. It would fall upon the ties, end 
this ratty have precipitated the disaster whioh befell the 
Riddle part of the train, tt&rka en the trucks of the raail 
oar end the combined ear showed seme blow had been received 
at pieces on thea over the middle of the width of the track. 

It see&s not improbable th&t the drawbar in question 
strucie the blow, and that it caused destructive deaag© to 
the trucks of the cars of the train which followed the com­
bined ear* If this occurred the severity of the derailment 
was the result of a secondary cause and such ia a probable 
explanation of the esse. 

In conclusion it appears that the derailment and 
wrsoK of west bound train So* 19 on the wain line of the 
Pennsylvania Railroad, ne^r Glen Loch, Pa. was caused by 
the failure of bridge Ho. 43 1 /2 . 

That the isysedi&te a&use of the failure of the bridge 
was due to the completion of a detail or progressive frac­
ture which existed in nnd finally separated the cover plate 
of column No, g, which supported the east end of the box 
girder on which the floor beams of the bridge rested. The 
completion of this fractura allowed the bridge to sag to a 
depth of about IB* over colunn $o* 8. 

That the derailment sras caused by the train dropping 
into this depressed section and its elevation therefroa. 



Subsequent events pertaining to the destruction of the track 
and the wrecking of the train were incident to the breaking 
loose of the locomotives from the train Irasjediately upon 
emerging from the depressed section of the track. 

That the cover plate of column Ho* $ was essentially 
a weak dotail in the design and construction of the bridge. 

That, B3 m setter of opinion, the cover plate had been 
in a state of partial rupture for e number of months, not 
unlikely extending beyond the period of a year. 

That a number of inspections by the Pennsylvania 
H&ilrojad, had been is&de tn the Interin and that none h&d 
diHOlosod the presenoe of this partially ruptured plate. 

That a teat for deflection of the bridge had brsen 
aade the day before its failure, while a regular monthly 
inspection for detailed defaots hud been $&de nine days 
prior to the failure and also a a8^91-annual inspection 
about eight weoks .prior to its failure, none of which dis­
closed any element of weakness in the bridge, although It 
is believed to have been In a weakened condition at the 
tisto of these inspections. In consequence of conditions 
found to exist at the bridge pertaining to its lack of 
lateral stability at the eastern end, the heaaering effect 
of the box girder that had t&ken place over the cover 
plate, the bent condition of the anchor bolts of the rcnin 
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girders ia en outward direction, these considerations make 
it appear that the bridge inspections ns carried out were 
ineffectual and inadequate to reveal the condition of the 
bridge, and froa their inefficiency would tend to give an 
erroneous end fdse feeling of security in the structure. 

That while the line of fraoture in the cover plate 
was inaccessible under the usual inspection accorded this 
structure, its position offered no insurmountable obstacle 
to discovery by methods of inspection in vogue in other 
lines of work* 

That bridge engineers should acquaint bridge inspectors 
with a description of parts of bridges under their care which 
are likely to receive the greatest loads in service and that 
means should he provided for the inspectors to make proper 
and adequate inspection of all such parts. 

That the easterly part of the? bridge including the 
track, floor system, am in girders, two supporting columns 
and a section of the box girder, waa affected at the time 
of the derailment. 

That the failure of the cover plate was promoted by 
the lack of lateral stability of the bridge which carried 
a track of 2 degrees curvature and was therefore exposed 
to an outward thrust by the centrifugal force of passing 
trains* Speeds of sixty tsilea per hour en the bridge 
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wort attained. 
that the failure of the cover plate was accelerated 

by the weakness of the set*l» frost its being strained in 
a oroaawlat? direction* 

To guard ©gainst s recurrence of such acoidents a 
critical examination of the details of other bridges in 
service would be expedient In order to ascertain whether 
or not eny of their structural members ere exposed to 
overstraining loads under present increased weights of 
equipment end not provided for fit the tiae Of construction 
of these bridges. 

Bespectfully submitted, 

/»/ James B. Howard, 
Engineer-Physicist. 


