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INTZRSTATZ CO.. ZRCE C€OIF ISSION

REPORT OF T=Z DIRSCTOR OF THI BURZAU OF SiFZTY COIICZR.ING AN
ACCID-UT O THZ PN SYLVANIA RAILROAD NTAR ASHILIGTON,
D. C., ON AUGUST 24, 1S33.

November 8, 1833.

To the Commicsion:

On August 24, 1353, there ™ag a derailment of a pas-
senger trein on the Pennsylvania Railroad near Jashington,
D. C., vhich resulted in the death of 2 employees, and the
injury of 4 passengers, 9 mail clerkes, 1 employee on duty,
2 employees off duty, and 4 Pullman employees.

Location =nd metho¢ of operation

This accic¢ent occurred on thatpmrt of the Baltimore
Division vhich extends between North Point (Baltimore,)ld.,
and Ner York Avenue, (Washington) D.C., a distance of 44.3
miles. In the vicinity of the point of accident this is a
double-track line over rvhich trzins are operated by time
table, train orders, and an autoartic block and cab-signal
system. The accicent occurred at bridge 2.95, which is
located 4.2 miles north of Washington; approaching this
point from the north, the track is tangent and the grade
proctically level for nearly 1 mile. The track is laid
mith 130-pound rails, 39 feet 1in len th, with 22 ties to
the rail length, fully tieplated, and ballasted with rock
to a depth of 12 or more inches.

In the immediate vicinity of the point of accident the
tracks extend across marsh land through vhich flows the
Anacostia River. Bridge 2.95 carries the tracks over
the river and on each sice of the bridge the tracks ore
1n1d on 2 10 to 13-foot embankment ~hich extends about
2,500 feet north of the bridge and about 1,400 feet south
of th=t point. The bridce itself vag o 4—sp=n, deck plate-
girder structure, on =2 468 skem, built in 1904; the dis-
tances betreen piers, =s mell ~g betreen pilers and cbutments,
—ere betreen 65 and 66 feet, measuring from the center lines,
the openings under the bridge varying in =idth from 41 to 45
feet. The total len_ th of the bridge —as about 263 feet.

The construction of the piers provided for the laying
of four tracks but only tvo —ere built, these being the tro
nenrest the center line of the bridge. The ~butments =2nd
piecrs vere constructed of 24—~inch snandstone ~shlar nosonry
backed —ith rubble ~nd provided —i1th 2n 18-inch granite



f2 *onv
NIHSYA

*CehT ¢
'o"cr‘m:ojo
I
LHST |*ANT

avouTIvy

{

NVATASNNAL

MAGRUDER  SBRIDGE
OU T ."’;f-/ ’:';;T.
,-‘// 7. Ry o
By //
et e Ly i "
e e N
‘( ,-'4f.'l 'r'./ ‘ 4 NOerw:Mg//A 77 f.' AT >
A RAyLs 07 N N
L ‘ / Y ‘L..E:T:T.‘"j.’
) ) ' /4 N
- ‘///0/
¢ Y
¢ | e | \-—\
B e

Base

o ;‘PH/L

65.92" ———k—— (547 —;Jﬁ

€k+io o

-,
.-
P

65 /7"

HIGH wATER EL /&S

Low WAKER EL -V 7 / 75

EL -12.83



coping. These pilers and abutments were superimposed on a
concrete sub-foundatien which in turn reested in a gravel
stratum; preliminary investigation had indicated that this
gravel stratum had a minimum depth of 7 feet at mid-stream
and this vas penetrated by the sub-foundations to a depth
of about 3 feet.

The center pler of the bridge, which is the one pri-
marily involved in this accident, consisted of a layer of
concrete 95 feet long, 14.5 feet wide, and 1 foot in thickness;
the next step vas 91 feet long, 9 feet wide, and 4.37 feet
in thickness, and the final step of the sub-foundation was
38 feet long, 7 feet vide, and 4 feet in thickness, giving
a total thickness of concrete sub-foundation of 9.37 feet.
The ashlar masenry on top of the concrete was 37 feet long,

6 feet wide, and 13 feet 9¢ inches in height, and on top

of the masonry were the plate girders and the track struc-
ture. The other piers and also the abutments were some-
what similar to the center pler in their construction with
the exception that the abutments were provided with back and
wing walls of stone masnnry. In 1528 a reinforced concrete
seat 16 inches in height was added in order to raise the
track in conformity with chances in grade on either side

nf the bridge; this addition extended only under the two
tracks and constituted the only structural change made 1n
the bridge subsegquent to its erection in 1904. The follow-
ing measurements are belor the base of the rail:

North abutment footing 29.63 feet
North pier footing 30.60 feet
Center piler footing 30,90 feet
South pier footing 31.35 feet
South abutment footing 29.21 feet
Mean low water 13.77 feet
Top of bridge seat 6.64 feet
Top of gravel strata on which

center pier rested 3.80 feet

The Anasostia River 1s formed by the junction of two
branches at a point 3.65 miles upstream from the bridge and
1t empties into the Potomac River 8.16 miles below the bridge.
The territory drained by the stream abeve the bridge embraces
about 133 square miles. It is estimated that under normal
conditions the stream had a depth 2t the bridge of 3 or 4
feet at mean low water, while the tide at this pcint measures
about 3 feet.

A tropical storm had prevailed during August 23, ac—
companied by unusually heavy rainfall, and it was still raining
slightly at the time of the accident, which occurred about
3136 a.m., August 24.
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Description

South-bound passenger train no. 147, known as the
Crescent Limited, consisted of 2 mail cars, 1 combination
car, 3 sleeping cars, 1 club car , 3 sleeping cars and an
observation car, all of steel construction and in the order
named, hauled by engine 3855, and was in charge of Conductor
Wilson and Engineman Bryde. After lcaving Baltimore this
train lost time on account of the prevailing weather con-
ditione and aleo vhile running between Winans and Severn,
3c.3 and 35.8 miles from Washington, respectively, in ac-
cordance with train order no. 384, which requireéd the crew
to look out for poles which might blo~ across the tracks;
the train pmcsed Landover, Md. 7.1 miles from Washington,
at 3123 a.m., according to the train sheet, 45 minvtes late,
and was derailed at bricge 2.95 while traveling 2ot 2 speed
variously estimated 2t from 30 to 50 miles per hour.

The engine apparently became derailed about the middle
of the bridge an? then . eontinued acrors it before turning
over on 1ts right side and going cown the embankment to the
right about 300 feet south of the south abutment and 40
feet from the track; the tender remained coupled to the
engine and stopped on 1te right cide immediately behinc the
engine. The firest ceven cars crossed the bridge and were
derailed in various pocitions to the right of the track;
the eighth car turned over on its right cide and fell into
the river with its head end restirng on the bank near the
south abutment; the ninth c=r was cuepended over the river
with ite head end resting on the rear of the eighth car and
ite rear end on the bridge, held by ite coupling to the
tenth car which remained upright on the rails. Subse-
querntly the ninth c=2r <11 1into the river and i doing so
it turned the tenth cor over on its side. The employees
killed were the enginemzn and fireman, and the employee
on duty who was injured was an assistant road foreman of
engines.

Summary of evidence

Assistant Road Foreman of Engines Johnson, who was
ricing on the engine, ga1d the train ran slowly in the
territory covered by train order no. 3684 and then continued
at reduced speed acs far as Odenton, 3.5 miles south of
Severn. He had received information at Baltimore that
there was no water in the track pans at Stony Run, which
is in the territory between Winans and Severn, and when
approaching Bowie, 1l.1 miles north of bridge 2.95, he
measured the depth of water in the tank and consulted with
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the engineman, the result being that they decided they Thad
enough water to enable them to reach Washington; after
pacging Odenton the speed was increased, being about 70 miles
per hour at Lanham, 5.6 miles from bridge 3.95, but in the
meantime the left injector had started to gurgle slightly
and he had told Engineman Bryde to use a drifting throttle
after passing Lancdover, 2.9 miles from the bridgze, and allow
the train to drift into Washington. Mr. Johmson vas riding
on the fireman's side of the enzine and on approaching the
bridge he leaned out of the cab window to look at the water
in the river and thought the engine was about half way
across the bridze when the accident occuvrred, at vhich time
the speed was pbetreen 40 and 50 miles per hour. There

hed been no crash, no breakinrg of iron, or anything to
inrdicate what was occurring. Mr. Johnson ~lso accded that
the engine was in perfect condition and that the cab sig-
rald had been displaying clear indications.

Conductor Wilson, who was riding in the fifth car in
the trein, e3il he felt the car quiver, following which 1%
became derailed; prior to this tire there had been no ap-
plication of the brikes and Le estimated the speed to have
been about 20 or 35 nmiles per hour. ATter the accicdent
Conductor Wilson crocsed the bridice several times on the
north-bound tfack in order to use a telephone located cn the
north side of the bridge, and during these trips he observed
the center pier in position under that track, but about an
hour after the accident tais portion of the pier suddenly
collapsed, taking with it girders supporting the north-bound
track and leaving that track suspended between the north
and south piers. Concductor Wilecon said the water in the
stream hed becn close to the botiom of the girders and
tkat the current was very ctrong.

Rear Braker- . Douglasg, tvidinz in the rear car, felt a
slight bumping followed by a sudden stop; he estimated the
speed to have been 35 or 40 milegs per hour and said there
was no indication of anything having been derailed north
of the bricge. Bagragemaster Selfricdge estimated the
speed to have been about 35 miles per hLour.

Engineman Hare, who piloted Baltimore & Ohio passenger
train no. 9 over the bridge south-bouncé about 1 hour and 20
mintes prior to the accident, sni1d he pasced over it at a
speed of 5O or 55 miles per hour and noticed nothing unusual
about its condition,although he did note that the water
was very high.
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Engineman Urban and Fireman Huckins, of north-bound

passenger train no. 400, which pasced over the bridge about
35 minutes prior to the accident, said the bridge seemed to

be in normal condition although the water was very high;
their speed at that point wac slow because of an order
requiring them not to exceed 5 miles per hour betreen the
bridge and Tuxedo.

Track Foreman Bushey, whose territory included bridge

3.95 and also extended northrard to Tuxedo, said he went
off cduty at 3:30 p.m. August 23; he hnd asked the track
walker, however, atbout conditions when the latter returned
from his trip and was told that everything seemed to be

all right, and the storm dda€ not cause him to have any fears

for the safety of the bridge. In talking vith the super-
visor's office, however, before going off duty, he was
told to hold himself in wadiness, which he did, and when
he finally was called to duty it was about 4:30 a.m.,
instructions being given to him to proceed to the scene

of the accident. Track Foreman Bushey further stated
that about a year previously he had noticed dredging
being done in the river eact of the bridge but he had not
noticed any of this work necarer to the bridge than about
200 yards.

Track Foreman Reigle, in charge of the section to
the north of that on which th=s accident occurred, said

he was called out by the assistant track supervisor because

of high water in the vicinity of Tuxedo, near the southern
end of his section, and afterwards he contimued southward

as far as bridge 2.95, reaching there between 10 and 11 p.m.

At that time the wafer was 3 or 4 feet below the tops of
the piers, flowing freely, and he did not see an¥thing to
indicate an unsafe condition.

Assietant Track Supervisor Smucker said reporte had
teen received that at a point south of Tuxedo both tracks
were under water. After examining the track with Track
Foreman Reigle, he went to the telephone at River Road
overhead bridge, located about 3,300 fect north of bridge
2.95, and arranged for necesgssary assicatance. While at
this point he looked southward and he said that by the
light of the automatic signal jucst north of bridge 2.95,
he could see that the tracks were not submerged ond after

leaving the telephone he returned northrard, about 9:30 p.m.,

givi ng further instructions to Track Foreman Reigle and
then proceeding to Landover preparatory to accompanying a
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work train to a3 washout on the Camp Meade branch. No
reporte of difficulty farther south on the main line h2
been received by Mr. Smuckcer ang he saic he did not feel
any apprehension concerning the safety of bridge 24,95,
neither had he ever known of any condition requiring slow
orcers over the bricdge.

Track Supervisor Pevler had started from Washington
by automobile about 5:15 p,m., en route to several points
which had becn reported to be under water, but found the
highwaye impascsable and finally rcturned and rode the
engine of north-bound train no. 158, passing over the
bridge about 7:15 p.m.; at that time the water was 4 or
45 feet below the tops of the piers and he saw nothing
to cause any apprehension as to the safety of the bridge.

Train Disprtcher Eicker sail a 5-mils an hour slow
orcer had been 1ssued at 7:38 p.n. dovering the territory
between Tuzedo and bridge 3.85, but thnt this order was
annulled at 11:11 p.m. and that subsequent to that time there
had not been any slor order in effect on the eouth-bound
track between Severn and Washington.

Bridge Inspcctor Erdman s=2i¢ he made monthly inspec-
tione of all bridges on the Baltimore division bevween
Baltimore and Washincton a2nd th~t he 1last inepected bridge
2.95 on August 1, 1833. This incpection, however, was
confined to such parts of the bridge as were above the
water line, no under-water inepection being nade, and
he eald that if he observed no cracks in the masonry or
the joints he assumed that the foundation below the water

line must be all right. On the occacsion of the inspection
of August }, he found no apparent defect in any portion
of the masonry. Bridge Inspector Erdman also said that

he would consider it his duty after a flood to make an
underwater inspection of every large bridge, but no

such inspection of bridge 2.95 had been made by him since
his assignment to this territory 2s bridge inspector on
Decewmber 1. Prior to this a seignment he had worked out
of the office of the bridge engineer at Philadelphia,
making semi-annual #uspettions in company with the various
division inspectors, and for 10 or 15 years he had been
making such inspections in the territory in which bridge
2.95 is located; all of these ingpections, however, had
been confined to those parts which were above water.

Master Carpenter Benton said he had inspected the
masonry and stecl wor¥ of bridge 2.95 in June or July of
this year and had found it to be in good condition; there
were some cracks in the lover flange angles of the girders
and the bridge was badly in need of paint, but neither of
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thece conditions affected its safcty. In 1928, the track
acrocs the bridge was raised about 16 inches, at which .
time the watcr around the south pler was 5 or 6 feet in
depth; the masonry of all piers vas good at that time,
showing no cracks or any indications of settlement. No
inspection of the foundation below the water line had
been made and it was not the practice to make ecuch in-
spections; both the semi-annual and annual inspections
are above-tater inspections. It was customary, horever,
after a storm to send bridge inspectors to bridges vhere
there had been any indicaticn of wanrshouts, previous
experience determining which bridges should receilve such
an inspection, and such nccagions —ere %the only timee
when soundin-s would be made; here had Teen no ncca-
sion for mzking such an examination of bridge <.85.
There are no periodical scundinges rade for the purpose
of ascertaining vhether 2 strean is ecouring or chang-
ing its bed from .year to year. It further appeared
from the statements of Master Carpenter Benton that
dredging east of the tridge had teen going on 2t ins
tervals since 1838, and some since about lMay of the
present year, and he thought this work extended to
withih about 100 feet from the bridge. Prior to the
accident he thought this dredging would not endanger

the piere of the railroad bridsge, but since then he had
formed the opinion that the dredghig might have been

the cause of undermining the piers which led to this
accident because the current would tend to vash out

the gravel under thes bridge on account of the change

in elevation of the stream bed where it had been

dredged out below the bridge.

Division Engineer Fox, who had been acting in thie
capackty on the Baltimore Division only since July 1 of
this year, eaid that soundings made 5 daye after the ac-
cident alohg the center line of the bridge indicated that
there had been excessive scouring at the center pier
location, this scouring extending to a maximum depth of
13 feet bslow the original bed of the rivexr, Mr. Fox
also stated that the periodical bridge inspections con-
sist of an incpection of steel work and such portions .
of the piers and abutments ag are above water and that
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if there are no indications of irpairrment it is taken
for granted that the foundation under water is undis-
turhed. Mr. Fox said he found no marks of dersilment
north of the bridge, and 3t w 2 his cpinicn the accident
was due to the collapee of the center pier under the
engine aeg a result of its having been undermined by

this particul~r flood.

S. H. Brackin, ot precent the engineer in charg
of the Philadelphia Improvement, said Le ras in charge
of the construction of bridge .95 in the year 1804.
Borings hed previously been mree, althou h not under his
perconal supervision, and according to the blueprint
record of these borinss one of them was made on each
tank of the stream arnd one near its center, the latter
boring indicating that at that time in mid-streoam there
were 8 feet of mud and sz2nd on top of a layer of sand
and gravel which had a minimum depth of 5 feet; 1in
addition, they rent down with the test rod 5 or 6 feet
below whnt they thought was a good botton. Mr. Brackin
gaid the question of the proper depth of sub-foundation
was left to his jud-oment and that in this instance 1t
was zpproved by Mr. Farrham, who at that time vas tle
assictant engincer of construction in charge of the work
being done in and around Washington. According to lr.
Brackin, the open coffer dam method was followed in the
construction of the center pi.r; 3-inch wooden shewt piling
was driven and this piling was left in place after the
construction work had been finished, being cut off about
at the low water mark. The sub=foundation was built of
concrete, not reinforced, and the only change whicn Mr.
Brackin said he would recommenc today from the methods
used at that time would be the use of interlocked steel sheet
piling to form a casing around the founcatinn, drirsing it
3 or 3 feet below the foundation if possible, He did
not think the use of pilinz under tre foundntion, as =
means ol eupporting it, would be prmcticable e cause of
the short penetration obtainable in the gravel stratum
which exists at this point. It vas Mr. Brackin's
judgment that periodical under-water ingpections tere
not necessary.
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Rorert Farnham, av present chief engineer in cherge
of the Philadelphia Iaproverient, said he was ascisteut engi-
neer of construction 1n thie territory in and around ugsalngton
atv the ti.e bridge 2.95 was tuilt. The usucl location surveys
were rade, data cbitained as to L1l water, drainare srea, etr|
after which the bradee weas desicned i1n tie cflice of the
chief engineer wita the exoeytlon thot the depth of the
foundation was left indefinite so tuet thc enjincer cirertly
in charge in the field could deternuine the dedth 10"ord1ng to
rah

what in nis judr.ient was necessary. .. ¢ o referred to
conferences held at the time with nited Stetes Ar.av engineers

and se1d he received infor wtion that there frecuveatly WOJld
ke l.ignh water, uouully the rcsult of 1ne J &8 heaeclizn up the
water from the Potoma~ iver, At the t1ae bridge 4.95 was
uilt he considered that the ravel stratunn constituted a
sufficient fouadation for the viers, becaouge tiis oravel vas
very counact anc ce.aented, cajeble of w1ubstanu_nr a locad of

-

L
-

dcuble te load of 2 or & tons per scuase foot which the
bridge would place upon 1t. T, Farnhanr furtaer stated thet
ell streans are rore or less sugceptiila to J;a1iés in the
stream bed end 1t was his o72inion that sowmdian ;3 shonld he
ade after a veriod of his mater 1a order to deuermlne what
Pnanr 2s, 1f any, have been .ade, and re tacupat that such
soundlnr" rust have been nsde at bridee 2,95 fiom ti.ie to time
although e said he had no actual knovledre as 1o thet fact,
'r. Farnhaw zlco stated that drecgia~ ower"tlou“ carried
on oclov the bridre would a1d in lowering the hotto.: of the
river above the qrﬂinfd arcs.

]
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A. R, Wilson, enpinecr bridges and buirldings,

card bricdge 2,95 as built rorformed to the gtandard in cflfect
on the P_nnesylvania Raillroed at that time and he did not
think there was any neneszsity for the use of a »ile roundation
under the piers; he horings had incicated at lrast © feet
of gravel at the approximate center pier locetion and a
bridge engineer 1s ruch plecsed when he finds a reasonarle
depth of good grevel unoa waizh tn pla~e hridge 1ouqaatlons
riling being used as a mecans of surport only when the engi-
neers are satisfied that the soi1l will not sustain the load,
subsecuent to the arccideat, Iir. ”1lsoa checked sore soundings
which 1ndicated that there Ddd beern bm feet of scour on

the soutih side of the center pier and 10 Teat oun the north
side, and fro.1 nis i1nspertion of the whole situstion he said
he uﬂs satisfied that tnﬁ acoident was due to the collapse

of tiie nenter pier as a result of its having heen undermined
inzcident to the extrenely hie™ water whirh had rrevailed.
Questicned as to whether e thourht some of the scour aight
kave oscurred previously, I'r. Tilson said the tc, larer
of s11% might have noved, and poscinly scie of the sand, but
that it would take a LU“Q higher velocity of flow to gcour
the preavel than is normal for this river, and this would
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apply recardless of dredging done either above or below the
bridce. Small scours, however, might have developed as a
result of the dredgins, and then have been accentuated by the
flood conditions precedinz the accident., 1Ir. Wilson further
stated that there was no recuirecment governing the inspection
of foundations below the water line unless there was sone
indication above the water line to justify cuch action, the
absence of defects above the water warranting the assunption
that the foundation below was 1n good condition, particularly
in the case of a stream such as the one here involved. At
the same time, however, Mr. Wilson said that as a result of
the knowledge he had acquired as a consecuence of this acci-
dent, he believed periodical inspection for scouring should
be made, as well as closer studies of drainage areas, and that
foundations should be placed at a greater depth and protected
with steel sheet piling.

Observations of conditions at the bridge a few
hours after the occurrence of the accident showed that the
center pier had beeun broken 1n two about midway 1ts length
anl that the downstreaw half, which the conductor said was 1in
place for about an hour after the accident, nad entirely dis-
appeared while the upstream half was tipped dowaward at its
upstream end with the result that that ¢nd had disapveared
from view while the opposite end was still visible, although
settled considerably, and it was still supporting the girders
under the south-bound track; these girders were sagging
where they rested on this settled section of the pier and
also had moved sidewise toward the upstreem side of the
bridge. The two girder spans wirich had ceen under the north-
bound track on either side of the center wier were 1in the
water, the most northerly of these two spans aaving entirely
disappeared from view while the other was supported at its
southern end by the south pier, with the north end 1n the
water, downstream from the bridge location at an an;le of
about 450, The south pier had broxen off on the upstrean
end just outside of the bridge seat, the broken-off portion
tipping toward the upstream side and also northward toward
the middle of the stream. Tae north pier was in place as
well as both abutments and the end spans, although consider-
able damage had been done to the south abutment by derailed
equipment, C. E, Heineman, a diver, made an examination
of that portion of the south pier which remained 1n place
and it was found that the bottom of this pier, which was
9 feet in width, was undermined on its north side to within
80 feet of 1ts downstream end, This undermining became
progressively deeper toward the upstrean end, reaching a
maximum of 3 feet 6 inches at the point where the pier had
fractured and extending 1in under the pier for a distance of
6 feet at the fractured end.

The railroad company had no record of soundings
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made between the time the bridge was built and the time of
the accident which could be used in determining what effect
the flood waters had had on the stream bed or wvhether any
dangerous conditiong had beguna to develop prior to the '
occurrence of the sterm, There was a depth of water of about
5 feet at mean low water at tne time the bridge was built,
this depth of water being principally between the center pier
and the north pier, with a denth of about 5 feet at one point
close to the south c~butwent. The record cf soundings made

by United States enginesers in Septeqber, 1938, a few veeks
after a storm of wiwsual severity, showed that suostantial
filling in had taken place betieen the north nbutwment and the
north pier and also between the north and center piers, but
between the center and south niers, where Toruaerly there had
been very little water, there was a scour having a maxirmu
depth at mean low water of 5.4 feet., Soundiags iiade by the
United States engineers 86 days 2fter thce occurreacc of the
accident showed that the gtrean bed hed teen scoured out very
badly since the 19238 soundings wvere taxen; the maxiiun vari-
ation was at the north side of the center picr, where in

1938 the stream bed was about 1+ feet above nean lov water
wicreas 6 days after the accident 1t was 15 fect below mcan
low water, or uuch wuore than sufficient to undcrmine the
center pier, It was also found that the scour noted in 1238
between the center pier and the south pier had been extended
until 1t reached a point more than 13 fecet under mean low
water; there also had been considerable scour, although

less pronounced, between the south pier and the south abutment,
These figures practically corroborated the soundings

wade by reprecentatives of the railroad company on the
previous day as to the greatly increased depth of water on
ei1ther side of the center pier location, as well as the lesser
increases between the south pier and the south abutnent. One
very noticeable feature of these soundings as made oy the
railroad company was the fact that 500 fect above the bridge
the maximum depth of the strcam at mean low water was 4 feet,
this depth increasing gradually to a maxiowa of 16 feet at
the upstream side of the bridge, following which 1t decreased
gradually until 1t was only frow: 4 to ¢ feet 1m udepbth at a
point 500 feet below the bridge.

Blueprints furnished by tke United States engi-
neer's office indicatcd that formerlv the Aaacostia River
at low water had an average waxinun width of about 100 feet .
and a depth of 3 feet and that on cach bank 1t was rordered
by flats and marshes which at some points recched a width
of 4,000 feet. Subsesuentl; improvenents were undertaken
on the downstream side of the¢ bridee, consisting of widening
the channel to 300 fect with a naxirun depth of 6 feet, these
improvenents also calling for the crection of dixes along
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the banks and the filling in of the flats and marshes behind
the dikes, According to representatives of the United Statcs
engincers!' office, this work in the channel was carried out
and the channel drcdged to within 50 fcct of the downstream
ends of the picro,.

Precoding the accident there had been a storm of
unusual intcensity, the records of the Weather Burcau at
Washington showing a reinfall of 6,39 inchcs during the 34-
hour pcriod of August 33, of which 5,11 incheg fecll between
10 a.m., and 8 p.m., An automatic tide gauge maintaincd by
the Coast nnd Geodetic Survey at a point about 1.6 milcs
above the bridge showed that beginning at 6 a.m, the depth
of water began to incrcasc, the arcunt of the increace
being 1C fcet by 10 p.m, and rewmaining at or above that
height until 7 o'clock. the follawing morning, with a moxinun
arlount of rise of 11.9 fcet at 1 a.m. and again at 2 a.n.

The only other mouge omcrating continucusly was located ot
Bellevue on the Potonac River about 38 niles below bridge

3,95, and at that point the nraximur heirht of the water was

at high tide, about 9 p.m., this having been the highest tide
recorded since 1891, 3By 2 a.n., August 24, when the water

at the gauge above bridse 2.95 st1ll was at 1ts maximun
height, the tide had been going down fcr several hcurs and

the wnter at Bellevue had dropped 4.1 reet; further evidence
indicative of the fact that water was beinz impounded above
the bridge 1s found in nmeasurements nade at the power house of
the Potomac Electric Power Ccempany, 1.86 miles down strean
from bridzge 3,95, which showed that at various times between

3 p.ri., Aupgust 233, and 8 a.m., August 24, the water at that
point was from 3.4 to 4.3 feet lower than the water above

the bridge, although ocfore the storm started the difference
in the level of the water at these two points was only a few
inches., Data furnished by the United States ensincers' cffice
indicated that at a point just below the bridge the flood
waters reached a maxirmun of 13 feet above nean low water.,

Conclusions

This accident was caused by the uncernining of the
center pier of bridge 3,95.

In this vicinity there had bheen a renceral storn
of unusual propecrtions and intensity irnrediately prior to
the occurrcnce of the accident, 6.39 inches ¢f rainfall having
been recorded ot Washingten eon Aurust 23, with the result that
flood conditiocns prevailed throuchcut the territory in
question, The last available record, nade by United States
engineers in 1938, indicated that at that time the channel
of the river had been portly filled in between the cenfer
pier and the north pier, but according to the measurenents
nade by these encineers 6 days ~fter the accident the bed
of the strean had been scoured to a depth of 15 feet below
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rrean low watcr or sufficiently to undernine the center picr
to o depth of at lcast 3 feet, Investization by a diver
developed the fact that the south picr also had been partly
undernined, It was apparent that the settlement of the
center picr under the train precipitated the derailment, '

The center pier, as well as the cther piers and
also the abutuments, had heen built on gravel, no piling
being driven as a ncans of support under the piers in the
event of sccuring because 1t was stated that the gravel was
tco compact to pernit the driving of piles; no other form
of protection apainst scour was provided, It alsc appeared
that the railroad conpany had made no underwater inspection
cr taken any soundings for the purpose of detecting possible
scour at any time subceguent to the building of the bridge
in 1204, zlthourh soundings made by United States enginecrs
in 1938 indicnted tuat there had been some scourins oT
at least a considerable loweriag of the bed of the strean
between the center and the south picers. There 1s no doubt
that the existing flood conditions cempleted the undermining
of the center pier sufficiently to cause its collapse under
train no. 147, but because of the lack of prior underwater
exanination it 1s impossible to cay whether all of the
undernining was deone by this particular stcrm or whether the
center pier and alsc the sruth pier, iad heen partly under—
nined at sore previous tine.

Inspections and scundings to digscover evidence of
undermining should be rnade immediately after the occurrence
cf flcod cecnditions, before the waotcers have had o chance to
fill 1n the scourines which ray have been created; there
had been previous neavy rains in the territory drained
by this river which mirht well have resulted in scourings,
and careful inspection and the taking of soundinas irmediately
fecllowin~ such flond conditions risht have developed a
necessity for action which would have preventcecd the occurrence
of this accident and 1t 1s recormended that such 1inspections
and soundings be made in the future, for withcut them it will
be difficult if not impossible to detect the existence of
scour or the tendency o a stream to shift 1ts channel and
create conditions which may lead to a danmerous siturtion,
The Arericon Railway Encineerins Associaticn rules for the
inspection of bridmes, trestles &nd culverts provide in part
as follows: .

MASOKRY AND COMPOSITE 3TRUCTURES

(A) Points to be Exanined:
(f) A careful inspection shall be made at the
water or ground linc for disinterration due to the
action of water or ice,
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() The 1inspection of foundations shall
include an exanination for indications cf gcouring
or underminin~ anc when neccssary, soundincs shall

. be taken for this purpose,

(3) Scundirrs shall be taken to determine the
rclative clevation cof the bed of strennn and the
bottort of the masonry.

From the dnta available it ~ppeared that the water
at flood attaincd a heirht 11 or 13 fcet above nean low
wvater, In view of the fact that 6 days after the accident
the bed of the girean at the bridee was scoured to a raxiimun
depth of 15 feet kelow mean low woter, this inilicates that
at the tinme of the accident the depth of water passinm under

v~ the Ttridrme may have been g ruch as 36 or 37 feet, ne
evidence indicated that the water had been inpounded above
the bridpe until it was considerably higher than the water
below the bridge, and the head of water thus produced
undoubtedly accounted for ruch of the scour which took place.
That there was a rush of the water throurh the comparatively
narrow bridge opecninn is further indicated by the fact that
5 days after the accident the water bDoth 500 fect above
the bridge and 500 feet beleow had a depth at mean low water
of only 4 feet and then incrcased rradually toward the
bridse opening until it was 16 feet deep at that point,

Some question was raisecd at the i1nvesti—ation
as to whether dredginn operations carried on below the
bridge, tocether with the confining of the stream to a nmaxirum
width of 300 feet instead of allcowine 1t to spread out
over the adjoining marsh land, night have had some bearing
on what occurred. There is no positive evidence on this
point, and even so, 1t was the Juty of the railroad company
to keecp informed concernin: chances which misht have any
effect on the safety of 1ts bridepe, and to take such pre-
cautions as were necessary under the circumstences.

Respectfully subnitted,

[ ) . P. BORLAND

Directer.



