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NATIONAL TRANSPORTATION SAFETY BOARD
WASBHINGTON, Li.C. 20594

RAILROAD ACCIDENT REPORT
Adop-.ed: May 12, 1980

REAR END COLLISION OF CONRAIL, COMMUTER TRAINS
PHILADELPHIA, PENNSYLVANIA
OCTOBER 186, 1979

SYNOPSIS

On October 16, 1979, about #:19 e&.n., northbound Censolidated Raii
Corporation (Conrail) train No, 1718 collided with the rear end of standing Conrail
train No, 0714 and caused it to move forward and collide with standing Conrail
train No. 718 on track No. 1 of Conrail'ls West Chester Branch, just north of the
Angora station at Philadelphia, Pennsylvania, Of the 825 person: whe were Injured,
one crewmember of irain No. 0714 died 8 days sfter the accideni. Equipment
damage was estimated at $1,940,312,

The National Transportation Safety Board detarmines that the probable cause
of this accident was the engineer of train No. 1718 wperating at a speed above that
authorized by the block signal indication which did not allow for his stopping the
train before it colllded with a standing train, Contributing to the accident was the
angineer's improper operation of the trafn brakes and the failure of a supervisor
and traincrew personnel in the operating compartment of the locomotive to
monitor the train's operation adequutely and to take actlon to insure that the
train's speed was reduced or that it was stopped when its speed exceeded that
authorized for the signal block,

INVESTIGATION
The Aceident

Conrail train No, 712, consisting of nine cars, departed Media, Penrayivanig,
at 727 a.m,, on October 16, 1979, after the required trake test had been
performed. The brake test disclosed no defects, and the brakes operated properly
en route to Suwburban Station until three undesired emergency applictiions
occutred: one at the Media station, one at Morton-Rutledge, and one just north of
Angora, Pennsylvania, sbout milepost 3.7, As the train moved ncrth away rom
milepost 3.7, It stopped egain. Inspection disclosed that the coupler had heen
pulled ouv¢ of the north end of the eighth cay. The passergers in the eighth and
ninth curs were moved into the forward carg; the two rear cars were uncoupled and
left wanding on track No. 13 and train No, 712 proceeded into Suburban Station in
dowtitown Philadelphia,

Ccernrall train No, 716, also consisting of nine cars, departed ferom Medin at
7:43 a.m. When it approached wayside signal B-56, the algnei displayed an
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"approach” aspect. The next signal, B-42, 8,924 ft north of signal B-56, displayed a
"stop-and-proneed” uspeet becsuse the block was occupied by train No. 712, Train
No. 718 hed no difficulty in slowing to comply with the indication of signal B-56 ov
in stopping at signal B~42, After moving past signal B-42, train No. 718 stopped ¢n
track No, 1 about 5) ft behind the two cars from train No, 712. After receiving
instruetions to couple the standing cars and to push them into Suburban Station, the
crewmembers complied and prepared to make an air brake test,

Conrail teain No, 0714, consisting of two cars, departed West Chester,
Pennsylvanig, at 7114 a.m., en route to Suburban Station, When train No. 0714
passed signal B-58, it displayed an "approach" aspeet, and the next signal, B-42,
displayed a "stop~and-proceed" aspect, Train No. 0714 stopped and then proceeded
past signal B-42 at restrieted speed until it was stopped about 20 ft behind train
No. 716. The engineer reported no diffienliles in stopping at any point.

Train No, 1718, consisting of four cars departed ¥lwyn, Pennsylvania, at 7:50
a.m. A special duty tralnmaster boarded the train at Media and rode in the
operating compartment. Train No, 1718 passed Cane Tower, milepost 9.1, at 8:09
a.m,, and mede its last seheduled stop on the Wast Chester Branch at Secane,
Pennsylvania, 0.7 mile north of Cane Tower. In all instances south of Secane
braking was satisfactory snd the engineer did not heve any irouble stopping or
starting the train at the stations, From Secene, train No. 1718 was schedulsd to be
operated a8 an express traln into the 30th 8treet Hiation, After leaving Secane,
the engineer of train No, 1718 saild that he applied the train brakes on several
occasions to slow the train in accordance with slow speed orders. He also said that
the speed of the train at signal B-56 was about 30 mph, which was In romplisnce
with the "approach" aspect displayed by that signel, and that he maintained this
speed until his train had passed over a 30 mph-crossover located about 1,8 miles
south of signal B-42. The rates of spoed were estimates given by the engincer,
because th» speedomster was not operable,

Shorily after train No. 1718 passed signal B-56, the conductor joined the
engineer and the special duty trainmaster in the operating compartraent and began
counting and recording his tickets, He did not remember engaging in any
conversation with the two men, seeing the waysldo signols, nor ealling them as
required by Rule 34. (See appendix A.)

After clearing the 30 mgh-crossover, the enginear releesed the brakes on tle
train and allowed the train to inerease speed as it rolled down a grade toward the
Angora trestle, As it epproached the trestle, the engineer made a light brake
application and the traii's speed slowed In response to the application,

Shortly after the train crossed the trestle, a trainman entered the operating
compartment io give the conductor tickets collected from the other cars and to
check on ar odor of burning wire insulation about which the passengers were
complaining, The conducior opened an eleetrical cabinet bahind the engineer and
examined it for fire. ‘The engineer stated that there had been an electrical
probiem on ihe car within the past few days which had ceused some wiring to be
heated, but they found no fite or heat at that time,




The engineer estimated the train's speed to be about 20 mph as it approached
the point where he normally made a brake application when he was exprcting to
stop at signal B-42, and he made a light brake application, Shortly thereafter, he
saw tne "stop-and-proceed” aspect displayed by signal B-42, About the same time,
the trainman, who was standing on the left side oi the operating compartment,
looked forwerd snd saw the rear end of train No, 0714 and shouted three times,
"hind-end, drop it.” No one in the operating compartment remembered calling the
aspect of signal B-42; however, the engineer and the special duty trainmaster said
that they heard someone call it but that no one acknowledged the call as required
by the operating rules,

‘*he engineer did not see the rea® end of train No, 0714 when it became
visible to the trainman becsuse of a righthand curve and the bank of a cut in which
the train was standing. He did not see the rear headlight on train No. 0714, but he
saw a red marker light and immediately released the master controlier handle,
which should have caused an emergency orake application. At the same time, he
moved the automatic brake velve handle, which he had been moving toward the
suppression position, to the emergency position. (See figure 1,) He said he heard
an uir exhaust, but to him the train did nct appear to decelerate es it snould have
from an emergency brake application. He sald that he was not alarmed because he
belleved that there was still sufficient distance for the train to stop, and since he
hud not experienced any braking difficuities, he thought the brakes would become
effective and stop the train, When the train passed signal B-42, moving about 20
mph, the engineer said that he realized that they were going to collide with the
train ahend, During that time, he sensed “he brakes retard momentarily and then
release. He sald that when the closing distance had decreased to about 80 feet
with no decrease in the teain's speed, he left the operating compartment, closed
the compartment door, held it closed with his foot, and braced nimself for the
orash. 'The special duty trainmaster, the conductor, and the trainman, in that
order, left the opeorating compartment ghead of the engin.er as soon as the
trainman shouted an atarm, About 8:19 a.m ., while moving at .« speed estimated by
the engineer to be 20 mph, trair Ko, 1718 struck the rear o train No. 0714, (See
figure 2.) The impact force Mmovad train No, 0714 forward and eaused it to eollide
with the rear of train No. 71€.

Teains Nos. 2718 and 0714 collided 375 £t norti of signal 2-42, Train No, 718
was moved forward 55 ft, and trsin No, 0714 was moved forward 39 ft, After the
collision, the two trains, Nos, 0718 and 0714, weve separated by § ft. At the time
of impact, brakes were not applied on the 11 cars of train No. " 18,

Cors Nog, 305 and 304 in teain No. 0714 derailed and moved toward the west
& vuffiolent distance to bloek teack No. 2, but they remained upright and in line,
Cars Nos, 265, 221, and 256 in train No. 1718 derailed hut rem Jned upright and in
line with the track. Although the catenary structure wes not camaged and power
was not disrupted, power was cut off at 8:2% a.m., as a sufety vrecaution, (See
figures 3 und 4.)




Pigure 1,—2#-B-1 automatic brake valve.
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Injuries to Persons

1 Train No. Train No. Train No.

{
Injuries~ 716 Crew 0714 "rew 1718 Crew Passengers Total
uries 119 LTew Vela © rew 1718 Crew  Tassengers

Fatal ] 0 0 1
Serious 1 25 28
Minor 3 431 431
None 2 Unknown __B+
460+

Medicel and Pathological Information

Sixty-two persons were treated for lacerations, contusions, and back, facial, leg,
knee, neck, head, arm, and chest injuries at a nearby temporary emergency center and
were released, Of the 483 persons who were treated at 23 area hospitals, 29 were
admitted with eoncussions, laryngeal, edema, fractures of noses, hips, and ankles, and
abdominal injuries,

An autopsy revealed that the crewmember died of multiple abdominai injuries,
which included a lacerated liver and spleen.

Damage

The two standing cars detached from train No. 712 train were damaged only
slightly. The Hale and Kilburne throwover type-seats had numerous seat cushions
displaced, but there was no serious internal damage. No exterior car damage resulted
from the aceident.

The equipment in treins Nos. 716, 0714, and 1718 had damage that varied from
slight to ncavy. The dsmage consisted of broken piping to the emergency air
reservoire, broken couplers, bent end-posts and frames, buckled side skin, buckled
buffer plates, and broken gless, The ends of the cars where impact occurved were
damag 2d severely. On several cars, the end doors were inoperable because of the
distortion of the underframe caused by high compressive forces.

The seat bases of some of the Haywood-Wakefield seats in ear No. 265 of train
No. 1718 pulled loose from the floor. In some instances, the seat bases were detached
from the seat. These bases bent or broke from passenger contect and, in some
instances, contributed to the injuries.

1/ For the purposes of this chart, severity of injury is determined as follows:
figapigus” includes only those who were admitted to a hospital; "minor" includes those
who were reported to have been seen and/or treated and released.
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Crewmember Information-~Train No. 1718

The eongineer reported for duty at Media on October 16, 1979, at 5:30 a.m.,
after having been off duty since 5:25 p.m., October 15. He regorted that he had
rested well during nis off-duty period. He operated train No, 762 from Media into
Suburban Stau.on, and then train No. 1705 back to Elwyn, and departed Elwyn
operating train No, 1718. No one with whoin he had worked during the time before
the accident took any exceptions to his behavior or train handling, He had
operated commuter trains on the West Chester Branch for about 9 years, and his
2ecord Indleated no prior disciplinary action.

The conductor reported for duty on October 16, 1979, at 5:59 a.m., 4t Media,
and he had made one roundtrip into Suburban Station before his tour of duty es
conductor on train No. 1718, His record indicated a reprimand for failing to
ecinply with a company notice after a passenger caught his arm in & door.

The frunt brakeman was assigned to the second car when he reported for duty
at Media at 7:45 a.m. His r rord indicated several disciplinary actions before
December 1974, but sinca that time, Lis record was clear.

Another brukeman and a flagman were at their duty stations in the third and
fourth cars and had no foreknowledyge of the collision,

A special duty trainmaster occupied the operating compartment betweeit
Media and the collision site, It was his first day on that assignment. He was a
qualified engineer, but he was not qualified on the West Chestu. Branch. He was
riding in the operating compartment primarily to qualify on that portion of the
railrond. He had worked other essignments as a speclal duty road foreman
beginning May 1, 1978, His record indicated no disciplinary action. (See
appendix B.)

Track Information

The railroad in the area of the accident consists of two main tracks built of
130-pound, continuous welded rail (CWR) laid on crushed stone ballast. The tvo
tracks extend through a cut in a 1°30' vight-hand curve. The grade changes from
0.i8 percent ascending northward to 0.21 percent descending northward, 200 feet
south of the »ollision site.

Train Information

Commuter trains, electrically powered from a catenary system, are operated
between Suburban Station, Philadelphia, and West Chester and intermediate point.

Cars Nos. 4492 and 452, left near milepost 4 by train No. 712, were built by
the Pennsylvania Rallroad Compeany between 1912 and 1914, The 64-ft 5 3/4- in,
cars seat 72 passengers and weigh 141,570 pounds., Car No. 449 is owned by the
Southieastern Pennsylvania Transportation Authority (SEPTA), and car No, 432 !s
owned by the New Jersey Department of Transportation (NJDOT). Neither car was




_10-

enquipped with emergency tools or fizsi aia kits, but both were equipped with a 30~
oounrd CO 2 fire axtinguisher, Nei:er car was equipped with a train redis.

The nine cars of train No, 716, classified as type RER-13, were built by the
Bethlehem Steel Company in 1931, The 72-ft 11 1/2-n. cars weigh 130,060 pounds
and seat 88 passengers. The cars are owned by the city of Philadelphia. The cars
ave not equipped with emergency tools or a fire extinguisher, but first aid kits (dry
bandages) were avallable, None of the cars was equipped with a train radio,

The two cars of train o, 3714, classified as type MAIF, are owned by
SEPTA. The 85 fi-long cars, buflt by the General Electric Company in 1974, seat
127 passengers and weigh 120,800 pounds. The cars were equipped with train
radiog, emergency tools and fire extinguishers, but no first aid kits, The rear car
of train No. 0714 was equipped with red marker lights and a headlight, These lights
were [lluminated at the time of the aceident.

Carller on the day of the accident, the equipment used in train No. 1718
northward had been operated southward to Elwyn, Pennsylvania, a8 triin No, 1705,
A brake test was made at Suburban Station, and no exceptions were taken. The
train responded well to braking requirements southward, and no difficulties were
experienced in making accurate station stops.

At Elwyn, the engineer noved from the south end of the equipment to the
north end for the return trip to Suburban Station, as train No. 1718. The engineer
and flagman made a brake test, which included an emergency brake application
initiated by the deadman control and the automatic brake valve, and no problems
were deteeted,

Cars Nos. 265, 255, and 211, classified as type MA1B MP85 in train No. 1718,
are owned by the city of Philsdelphia. They were built by the Budd Company in
1863. They weigh 104,000 pounds, are 85 ft long, and seet 127 passengers, Car No,
221 was built by the St. Louis Car Company in 1967, and it is also owned by the
city of Philadelphia., It weighs 105,540 pounds, Is 85 ft long, and seats 122
passengers. Each car wes equipped with a train radio and fire axtinguishers, but
they did not have emergency tools or first aid kits. The MAIB MP85 cars are
equipped with a 26R-~type airbrake sysiem, a 26B1 brake valve, cab signals, and
train stop equipment; cab signals and & ain stop equipment are not in service on the
West Chester Branch because the branch line is not equipped with the wayside
facilities, Car No. 265 was equipped with a Vapor Mark IV speed indicator which
was inoperable on the day of the accident.

In addition to the suxillary equipment, the cars of train No, 1718 were
equipped with wheel slide protection and a deadman safety device, The wheal slide
device is activated by a Westinghouse valve known as a "decelostat." The deadmen
control puts the brakes in emergency when it is activated by releasing the master
controller handle. This action nullifies the wheel slide protection. Placing the
automatic brake valve in the suppression position makes a full service application,
but nullifies the deadman coatrol feature. An emergency brake application can be
made with the automatie brake vaive, by a single unit brake control if the train
seperates and the brake pipe pressure is ciepleted, and by a conductor's emergency
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valve located inside the passenger compartment. I{ the main reservoir pressure
drops between 70 and 8¢ nounds, the car's emergency brakes automatically apply.

The "decelostat" valve i3 sctivated if a wheel slides during & broke
application, When s sliding wheel {s detected, the sction of the "decelostat" valve
vents the brake cylinder pressure and releases the brake only on that truck 2/ on
which the slide is occurring. The recovery time for braker to be effective again
can be several seconds, The "decelostat” action for each truck is independent of
all other trucks in the train. The "decelostat" valve would not be activated if all
whesls on a truck slid simultancously, Activation of tke "decelostat" valve is
dependent on a differential in axle rotrtional speed between axles on the same
truck,

The brake cylinder pressure gage, which is located in front of the engineer's
position, only indicates the broke cylinder pressure oh the truck immediately under
the engineer. The engineer has no means of determining the ~ ° ~ aylinder
pressure on other trucks in the train, Therefore, he can only 1 aen the
"decelostat" valve has vented the brake cylinder pressure on the truck beneath him
because it will indicate a reduced pressure.

The conductor of train No. 712 was forced to use a commercial telephone to
inform his superiors sbout the troubie with his trains and to receive instructions
about how to handle the situation.

Southbound train No. 709 arrived at milepost 3.7 on track No. 2 immediately
arter trains Nos. 1718 and 0714 collided. Since train No. 708 was equipped with an
operable radis, the conductor of train No. 718 used it to relay informaticn relative
to the accident, and the engineer of train No. 709 contlned to ecommunicate
information concerning the accident to Arsenal Tower,

Method of Operation

Trains are operated through the area of the acrident by an automatic block
signal systam, The double main tracks run north and south and are numbered east
to west as Nos, 1 and 2. The current of traffic is northbound on track Wo. 1 and
southhound on track Neo. 2, and the maximum authorized speed for pnssenger trains
is 50 mph.

The abproach signal, B-56, for signal B-42 is 8,924 ft south of sigral B-42,
Signal B-42 is 365 ft south of the point of {inpact, (See figure 2.) The position
light signsais can disp'ay the following aspects:

3/ The wheel and axle assembly at each end of the car on which the body of rail
equipment is carried,
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Aspent Nare Indication
Thrae horii.oital yeliow Stop and proceed Stop; then proceed

lights clisplyed over a at restricted speed
single light

Thrae diavonal yellow Proceed prepared to

lights to the right stop at next signal,
Train exceeding
medium speed must at
once raduce to that
apeed.

Three vertical yellow Clear Proceed
lights

Three: dingonal yellow Appros.ch medium Proceed approaching
lights to the right next signal at

over three vertical medium speed.
yellow lights

Normally, signal B-42 can display an "approach medium"” and a "clear" aspact
in addition to "cpproach" and "stap-and-proceec”s however, the least resirictive
aspect that signal B-42 could displuy at the time of the accident was an approach
aspe:” because of changes made to facilitate signal cable repairs butween signal B-
42 and Arsenal Tower, Tests conducied on the signal system following the accident
indiczated that it was operating properly.

Operating Rule 285 governed movements past sighal B-56 and Rule 281
governed operation past signal 3-42, Rules 34, 106, 108, 400M-1, 400N-2, and
400N-3 governad the coperational procedures leading to the accident, These rules
assign responsibilities to ecrewmembers, such as calling signal indications,
respong'bilities to insure safe movement of the train, speed of a train velative to
signel indicadons, and the responsibilities of each crewmember according to his
assignment, (See appendix A,)

There are no supervisors assigned to a specific location on the West Chester
Branch, but supervision is accomplished by roving supervisors. Traflic density on
the line is about ! 1/2 roundtrip freight trains per day and about 30 passenger
traing ea~h way per day, except on Saturdays, Sundays, and holidays.

The commuter service in the Philadelphia area is supplied by SEPT#A, and the
equipment used in the service is owned either by SEPTA, the NJDOT, or the city of
Philadelphis. SEPTA provides funding, equipment, and schedule information to
Conrail which then operates the trains over its frackage with Conrail crews.
SEPTA does not issue cperational directives to Conrail, but occasionally it will
make a rocommendation ralative to the wperation of the service, It also monitors
and works with Conrail in the maintenance program for the commuter equipment,
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The commuter trains operating on the West Chester Branch operate over a
dedicated lne between Arsenal Tower and 30thi Street Station which belongs to the
Natioal Reilway Psssenger Corporation (Amtrak) and over SEPTA tracks from
30th Street Station into Buburban Station,

The special duty trainmaster tool no ewvapdons to the behavior of the
engineer of train No, 1718 or to his operating procedures en route from Media to
the point of the collision. While he was in the cab, the engineer called out the
restrictive signal aspects, except for signal B-42, Accorulng to the special duty
trainmaster, the train was handled properly between stations and station stops
were made with no problems, He recalled hearing brake pipe air exhaust when the
brakes were applieu t¢ slow for the crossover at Fernwoou; for the approach to the
Angora trestle; fcr the approach to signal B-42; and when the brake application was
made after the elarm was given that a train was ahead, He had no criticism of the
engineer's train handling as it approached signal B-42. In his opinion, the engineer
had done ail that he could to stop the train, and he did not consider him to be
negligent 11 hie responsibilities,

Meteorological Information

On the morning of the aecident& the weather was clear with good visibility
anu no wind, The temperature we3 40° F with a dewpoint about 38° F, During the
hours before sunrise, dew was reiported on the railheads, but it dried shortly after
sunrise at 7:13 a.m. At 8:00 a.m., the sun was 8° above the horizon with an
azimuth of 108° from true north,

Survival Aspects

Passengors were thrown from their seats, forward or backward, depending on
the direction in which they were facing. They complained of failed seatbacks, seat
cushivns hitting them, no restraint devices to keep them in their seats, hitting the
top portion of the seatbacks or chair arms with their faces, and being pinned oi the
floor by someone thrown on top ~f thzm or by a dislodged seat.

Some of the newer curs were equipped with emergeney windows set in pullout
rubber mountings, but only two or three of them were removed. One or two end
doors could not bc opened because of damage; however, the passengers were able
to leave through the vestibule side doors, When passengers attempted to move
through the cars, seats which had broken loose impeded then, Rescue personnel
had some difficulty romoving passengers on stratchers bevause the aisies were too
narrow to permit stretcher passage. Stretchers had to be lifted over the seatbacks
and carried laboriocusly to the ends of the cars,

The eity of Philadelphia and the counties of Bucks, Chester, Delaware, and
Montgomery participate jointly in the "Philadelphia Regional Emergency Medical
Disaster Operation Plan (PREMDOP)." The function of "REMDOP is to provide
emergency medical support and assistancne in the area when and where it is needed.

The development of the plan was begun after World War Il by the Philadelphia
ivil Defense Council, which is currently the Office of Emergancy Preparedness of
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the Philudelphia Pire Department, The current plan was made effective in April
1973. Because PREMDOP had conducted a mock drill/rehearsal of a disaster
involving the plan in early October, the preparedness of all units was exceptional,

The total emeryency response effort at the scene of the accident was
provided by three supervizors, 10 district cars; 39 emergency wagons, and § rescue
units, staffed with 21 emergenoy medical technicians,

Those passengers who were not considered serlously injured were treated at a
telage center set up and operated in the Harrington School gym. All casualties had
been removed from the accident site by 8:34 a.m,

Teasts and Research

Following the accident, an inspection of the operating controls of train
No. 1718 indlcated that the brake valve was cut in, with the handle in the handle-
off pnsition. The master controlier handle was missing but tiie handle receptacle
indicated that the controller was in the center or emergency pusition, The control
plug, which activates the car's controls, was inserted,

The cars in train No. 1718 were examined at the site and agalin after they
were moved to the shop; no flat spcis were found %o indicate that the wheels lad
slid. No marks were found cn the railheads ahead of the point of impact which
would indicate siiding wheels,

A series of sight and stopping distance tests was conducted at the accident
site on October 21, 1978, Tests determined that a standing passenger coach could
be seen by the engineer while standing on the right side of the operating
compartment when the train was 548 ft from the point of impact. Signal B-42
could be seen by the same engineer from 525 ft. The same points were visible from
the left side of the operating compartment at 618 ft and £88 {t, respeatively,

Once sighal B-42 was sighted, it did not pass from sight because of any visual
obstructions. The position of the sun did not afiect visibllity. The rea~ of the
standing train was visible 378 {t from signal B-42. The wayside marker used
unofficially by the engineer of train No. 1718 when he was planning to stop at
signal B-42 is a track switch leading Into a bakery. It is 418 ft in front of signal
B~42. 1% was near this point that {he engineer began inereasing his applied brakes
and somaeone shouted an alarim,

Brake tests were conducted on the cars of train No. 712, and one car had a
defective train-stop magnet valve which was determined to be the cause of the
undesired emergency brake applications.

The Leakes of cars Nos, 211 and 255, the second and third cars of train
No. 1718, were tested and funotioned correctly except at lecation L-3 on ear
No. 256. The failure of the L-3 package brake assembly was determined to be
caused by a displaced eylinder lever pin which had moved laterally from its position
as a pivot shaft between the piston rod and the lever body. Its shifted poslition
prevented the proper operation of the brake, The wheel at location L~3 was the
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only cold wheel detected when the wheeis of train No. 1718 were inspected at the
acoldant site, All other wheels were warm because of the brake applications,

When the brake pipe pressure was charged to sbout 110 nsl and a servize
brake application was meade, the brake cylinder pressure on car No. 255 was 85 psi
and 88 psi on car No. 211. All of the brakes released properly, When an emergency
application wans made with the sawe brake pipe pressure, the brake aylinder
presaure registered 82 psi and 86 psl on cars Nos. 235 and 211, respectively. Tusts
conducted using the master controller handle (the deadman feature), the
eoncuctor's valve, and the single-car mein reservolr emeorgency brake all indirited
proper responses,

At different times, car No. 221 was coupled with cars Nos. 236 and 211. The
same tests were made and the results were satisfactory. The brake e/lindor
pressure on car No. 221 registered €5 pst when a {ull service spplication wes made
with a brake pipe pressure of 110 psi.

Car No. 265, the first car of train No. 1718, was damaged 8o severety thet it
could not be tested. However, the 26B1 brake vilve equipment was remaoved from
car No. 265 and installed on car No., 254 for testing, A brake pipe leskege test
conducted at 110 psi brake pipe pressure indleated a 4 psi per minute leakage. A 6-
pound reduction with a brake pipe pressure of 110 psi gave a braite cylinder
pressure of 25 psi, and a full-service reduction gave a breke eylinder prossure of 64
psi and a brake pipe pressure of 85 psi. Furthes testing of the systsm indicated
that ell brake demands were met with no diserepancies noted,

In addition to the service testing on car Mo, 205, the #8H1 brake valve and
other brake equipment were disassembled for inspection. No defe:ts were found.
A "DR" electronic printed rircuit board associated with the control of the
ndecelostat" valve was checked for faults and none were found.

Braking capability tests were made at the accident site on iJetober 21, 1979,
After the accident, the cars in the consist of train No, 1718 were not serviceable;
therefore, similar carc were used, Cars Nos. 264, 261, and 209, built by the Budd
Company, and car No, 236, buiit by the it. Louis Car Company were placed in the
test train to represent the car manufacturers and the relative positions of the cars
8o that they ccrresponded to the consist of train No. 1718, The cars were loaded
with brakeshoes to simulate passenger lond and the brake unit at location L-3 of
car No. 261 was made inoperative except for three tests. Every effort was made
to simulate exactly the operation of train No. 1718 and the conditions that
prevailed at the time of the accident. Sinee saveral trains had preceded train No,
1718 or October 16, 1079, the test teain made several movements through the area
iz an attempt to condition the surface of the rails to approuch the same surface
conditions that prevailed on Octoher 18. Even so, there was still some weer on
the railheads at the time of the brake tests. Speeds wera observed from the speed
indieator of car No. 264, which had been callbrated and was known to be correct,
and from a wayside portable radar unit. (See appendix C for a brake unit
efficienc) determination based on six measurements obtained from cars Nos. 209,
264, and 121, which shows the effective brake effort.)




Whei the tests were started about 8120 &.m., the weather was sligﬁtly hazy
end misty; however, the sun begar: to shine about 10:30 a.m., end the railheads
dried. (See table 1.)

Other Information

A mathematical analysis of the Impact forees was made by the
Transportation Systems Center (TSC) at Cambridge, Massachusetts, to determing
Lite speed of raln No. 1718 at the time of the collision. Using parameters obtained
from the accident, such as the equipment deformation, the railhand conditic,, the
distance the equipment was moved, and the weight of the cquipment, it was
determined that the speed at the time of tmpact was not less than 28 mph, TOC
expressed a high degree of confidence in this value. The caleuisted speed differs
from the speed estimated by the angineer, who suld that train No. 1718 was
traveling sbout 18 to 20 mph at the time of impact, (See appendir ID,)

ANALYSIS

Brake System

The enginaer testified that he had no trouble starting or making stops with
train Mo, 1718's equipment on the trip southbourd, When he operated the
equipment northward as train No. 1718, the train's scheduled stops were made with
no diffieulty. The train responded satisfactorily to the braking demands for the
slow orders at Fernwood und at the Angora trestle. When the light brake
application was inade as the train approeched the "bakery" switch near signal B-42,
the engineer and the special duty trainmaster said that they heard the brake pipe
air exhaust which would have indicated a mensurs of applied brakes. According to
the engineer's testimony, when the alarm was shouted, he released the master
controller hundie and, almost simultaneously, moved the automatic brake handle
toward the emergency brake position, He reportad that the anticipated retardation
did not occur and he assumed thal the brakes relessed even though an emergoncy
brake application had been initisted by two sepavate actions.

The enginaer sald that he had made an effuctive light brake pipe reduction
near the "bakery" switch, because he was expeciing a stop-und-procead aspeet on
signal B-42, and he wanted to be prepared to step, As the train spproached the
signal, he was moving the automatic brake hanclle toward suppression, and it is
possible that he eould have stopped it In that position, If such were the case, when
he relessed the master controller handle, that action would not have gpplied the
gmergency brakes automatically because of the dérigned bypass function. It would
hava taken him several seconds to become aware of this, time which he could not
spare because train No, 1718 was rapidly closing the distance to the rear of train
No, 0714. When he renlized that the emergency brakes had not been applied, he
may have attempted to make an emeorgency application with the automatic brake
handle; however, under the strers of the situstion, he aould have becotne excited
and failed to move it to the emergency position. I his actions were as just
described, he protably never made an emergency brake application with the
automatic brake valve, Suppurt is given to this antlon beeause the brake handie
was found in the handle-off position. VWhen the brake handle was moved
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Results of Ter s

Speedometer Radar Time To  Distance
Indication Indication Stop to Stop
{mph} {mph) {Sec) {FH)

29 NA 10.45 No
19 RA 10.89 ; No
30 28 14.97 No
45 40 20.44 2
Emergency 20 18 7.88 No
Emeargency 35 27 18.53 No
Emergency 45 21 15.82 No
Service s 33 18.53 No
25 33 i0.68 No
38 29 13.65 No
Emergeney 36 25 8.5¢% No
iZ. Service 31 28 14.28 No
13. Service 29 28 13.68 No
14. At Loecation No, 3, a full service brak= was applied, followed by an emergency applieation at Locatios
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*Loe:Yion E-ake Applied: 1 Point of impact; 2 Point rear of 0714 first visibie to test train; 3 Point where signal B-42 first
became visible to test train

**Type Brake Application: S-Service, full; E-Emergeney (Cenirolier).

Train 1718 probably was dispatched snd cperated the day of the sccident with only 31 of the ;. packsge brake
units working, or 96.87 pereent of its maximum braldng capability. Train stop distance tesis were performad using
31 of 32 braking units {tests 1 through 9} and 3% of 32 braking units (tests 10, 11 and 12}). The stop distance for an
emergency stop from 30 mph with cnc brake unit inoperable increased 19.9 ft or 9 pereent cf the total distance
=hen compared to stop distance with ali 32 package brake units functioning.
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from the snppression to the handle off position, relensing the master controller
handle would apply the emergency brakss but too late to become effective. With
the automatic brake handle in the handle off position, until the master control
handle was veleayed, the brakes would have only applied with a full-service
appiication, In either event, the brakes were not applied in sufficient time to stop
the train short of collision. The automatic brake handle guadrant has detents,
cams, and stops to identify the several positions, but these would not have been a
distraction under norinal operating conditions, If the train had been operated at a
reduced speed of 30 mph prepared to stop at the next signal, it could have been
controlled properly and stopped, using & full service brake application because the
stress situation would not have devoloped.

The brake tests performed on cars Nos. 211, 55, and 221 failed to disclose
any faulis that would have contributed to & brake failure. When various brake
cylinder pressures were used, the orakes applied with sufficient force to be
effactive. The effectiveness of the brakes was also supported by the fact that
there was no evidence to support a fatlurs, The testing of the key brake system
components on car No. 265 failed to reveal a fault that would have caused a brake
fallure, Also, the lack of any detectes faults in the "DB" card eliminated the
possibllity of & faulty "decelostat" . _.he lead truck, which was the only
"decelostat" avtion the engineer could heve detected since the brake cylinder
pressure gage indicates pressure variations only in respect to the brake cylinder on
that truck,

The wheels on train No. 1718 were examined irnmediaiely following the
accident, and they were all found to be warm to the touch, except for the wheel at
L-3 on car No. 255 where the failed brake package was found. The heat indicated
that the bralkes had been applied. The loss of the brake at position 1-3 on car
No. 255 was not a factor in the failure of the train to stop short of a collision, es it
would have reduced the overall braking efficiency by about 3 percent. The
?ng:inaer had made & number of stops and brake epplications without this being a
actor,

The commuter cars used oh the West Chester Branch have several means by
which they can be stopped if there is a mechanical failure of the brake system.,
For example, if the main reservoir pressure is reduced to & predetermined
minimum value, the brakes will be applied automatically., The only protection
against an engineer's failure is the deadman control, which provides proteation in
the event he becomes incapacitated. Activation of the deadman control is
dependent upon the engineer's relaasing the master controller handle 55 that it is
free to return to its center position and raise up under a spring load. If the master
controller handle is blocked so that it cannot return to its center position or if the
automatie brake velve handle is in the suppressed position, the deadman control
feature will not operate; therefore, the deadman control is not always a positive
coutrol,

Some safety features can be nullified if the automatle brake handle is moved
to the suppression position. Such nullifying capabilities are designed into the
operating controls to provide flexibility end operating expediency; however, thay
can become detrimental if the engineer is not fully amlert to his operational
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situation anrd needs, end if he does not undaerstand the oneration of the system, The
engineer on train No, 1718 niay not have remained fully alert to his speed and
loeation.

The traffic density on the West Chester Branch is high during the morning
and evening vush hours. The safe rovement of the trairs is entirely dependent on
the alertness and abllity of the engineer, There are no control devices on the
locomotive whish will limit the speed of the trainin a signal block that is governed
by. a restrictive si¢nal indication. Neither will the engineer get an alarm of &
penalty brake application if he passes a signal in excess of the allowable speed for
the signal aspeet. The newer equipment used in trains Nos, 0714 and 1718 is
equipped with cab signais and automatic train stop. However, the West Chester
Branch of Conrall does not have the requisite wayside facllities to permit the use
of the onboard contro} equipment.

The engineer should be given every advantage possible to eliminate
distractions and to jnsure that his performance will be at maximum efficiency.
The engineer of train Nc. 1718 did not have the benelit of privacy in the operating
compartment on Oetober 18, 1979, ‘The three ccher employees in the aab may have
heen discussing tepics other than the operation of the train and all may have been
distracted from their duties, Apparently, it is not unusual for other employees to
ride with engineers on the West Chester Branen, This may have been a factor in
the accident,

The Safety Board believes that commuter service on the West Chester Branch
and elsewhere should have the benefit of some of the available safety appliances to
reduce the aceident potential and to provide mose positive support for engineers.

Repeated operation of the ndocelostat"” valve could conceivably prolong
stopping if the railheads wure in & condition to reduce adhesion and promote sliding
because of the short time required for the system to eyela, If the sliding nersisted
repeatedly and & number of wheels were Involved, stopping might be prolonged.
However, the condition of the railheads did not appear to be such that adhesion
would be a problei.. Even if the decelostat" operated, it is not likely that the
valves on all fo.r cars (eight valves total) would be operated at the same time.
'The wheel treads were checked twice for flat spots or evidence of sliding and no
indloations were found. The railhesds had ro scars or marks which would have
indicated sliding wheels, None of the tests condueted revealed any defect or
provlem that would support a brake failure or w total slide. It is a known fact in
the r-llroad industry that a sliding wheel wil> not stop as quickly as one that is not
slidin. One factor in this phenomena is that letion causes a thin deposit of
molten metal to develop which acts as a lubricant on the rail,

The low pressure safety feature built into the maln reservoir air system
provides protection so that if a "decelostat" valve wes operated sontinually and the
main reservoir air pressure was reduced tu the 70 to &0 psi limit, the brakes would
have applied in emergency, Even if the engineer had depleted his air through
rapeated brake applications and releases, the low pressure main reservoir feature
should have stopped the train,
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As a result of o special study, 4/ on Fbruery 7, 1972, the Safety Board istued
the tollowing recommeidation to the Federal Railroacd Administrations

"Develop a comprehensive program for future requirements in signal
systems . ., that will require as 2 minimum:

a.  that all mainline trains be equippad with continuous cab
signals in conjunetion with automatic-hloek signals;

b, that all passenger trains be equipped with continuous
automatic spead control (train control);

LR B B B

thatl a system be devised to protect trains which stop within
1,000 feet after entering a block from being struck by
following trains; ... ."

% k w p %

if parts a, b, and/or d had been Implemented on the West Chester Branch, it
is almost certain the accident of October 16, 1979, would not have happened.
Automatic train control (ATC) would have required the engineer to observe the 30
mph or less speed limit in the signal block joverned by signal B-56, and the train
would have been stopped when it passed signa. B-4%, if he had not stopped or
further reduced the train's speed,

Impact Spead

The mathematical approsch used to determine the impact speed is quite
veliable. There is a possibility that the hrakes were set on train No. 716 to some
degree before the impact since the air line had been connected from train No, 718
to the two cars from train No, 712, The sudden release of air from No. 718 could
have caused a light brake application, Nevertheless, the lmpact force was
sufficlent to move the standing equipment a considerable distance forward, The
deformation of the equipment on all cars at the points of impact indicates the
abeorption of high energy. The conservative value of impact speed, 28 mph,
substantiates the high energy that would have been required to produce the damage
to the standing equipment and to have moved both trains, Nos, 0714 and 718,
forward, The conservative caleulated speed of 28 mph is far more realistic than
the 18 to 20 mph estimated by the engineer because it is based on, among other
things, the strength of muaterials, the damage done, and the distsnce the two
standing trains were moved forward, A higher impact speed more readily accounts
for the dintance treins Nos, 0714 and 716 were moved,

47" "Spacial Study, Signals and Operating Rules as Causal Factors in T-aln
Accidents, December 2, 1871 (NTSB~RSS-71-4).
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Test results indinate that the brakes were operable and effective. Therefore,
the Safety Board must conclude that tne train was being operated at a speed
g 2ater than the 20 mph estimated by the engineer for the resulting damage to
have occurred.

The following conelusions can be drawn f.om figure 5.

0 The 40-mpl curve indicates that, if a decision was made to stop
and a full-service brake application was made, the train's speed
would be reduced to the computed collision speed, 28 mph, in
approximately 460 ft (pcints A to B).

Allowing time for ¢ decision to step - nd make a full-service brake
application; the 30-mph curve indicates that impact would have
occurred at a lower speed, 18 mph, after traveling approximately
350 ft (points C to D).

Under the same conditions for the 20-mph curve, the 20-mph
curve indicates that train Mo, 1718 would have stopped before
hitting train No. 0714 (points E to F).

Operable Rudios

The lack of operable radios on all the equipment used on the West Chestur
Branch was a handicap in the events of the accident. The older equipment is not
expected to be used much longer and the railroad claims that it would be costly to
equip it with radios. However, because of the traffic density on the Branch, a good
responsive radio system would bie invaluable in keeping all trains informed on the
current status of operations. Since the radio on train No. 1718 could not be tested
after the accident, it is not known whether or not it was operable. However, if all
locomotives had been equipped with radios end they had been operating properly,
and the radio system had been designed and maintained for maximum coverage, the
engineer of train No, 1718 may have heard the radio conversations relative to the
move taking place at milepost 3.7 and avoided the accident.

Srewmember Responsibilities

Either the special duty trainmaster was not fully aware of what was
occurring in the operation of the train, or he chose to ignore some of the
cccurrences. Rule 34 does not oxempt clear signals from being called; and the
trainmaster should have insisted that the engineer call all signals. The trainmaster
did not correct or reprimand the engineer when he operated the train in an
approach block at a speed that was apparently greater than 30 mph. The iack of an
operable speedometer may have contributed to his operating at this speed. It is
diffioult for most persons to estimate speed accurately, and a speedometer would
assist an engineer greatly in malntaining the proper speed. The fact that a
trainmaster, who was a qualified engineer, was in the operating compartment
should have prompted the engineer of train No. 1718 to be particularly alert and
conscientious in observing the rules, Conrail should impress supervisors that
subordinates must comply with the rules, The lack of assigned supervision along
the Branch also could lead to a lax operation on the part of operating employees,




* Braking curves based on 96.56%
of maximum brake avaiiable

* Calculated impact speed = 28 mph
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The attention of the engineer needs to he focused completely on the handling
of the train; the presence of other persons in the operating compartment can prove
to be distracting despite the engineer's efforts to ignore it. Most railroads
discourage the practice of allowing nonessential employees to be in the operating
compartments of locomotives, In situations, such a&s that existing on the Wast
Chester Branch, where trains operate on close headway with almost no support
safety devices, nonessential crewmembers should not be allowed tv oceupy
locomotive operating compartments, An effective supervisor or a trainee should
not be considered nonessential erewmem'ers, but if they are familiar with their
jobs, are alert, and perform supportively «nd instructively, which would lead to an
engineer's improved performance, they ¢ n! be a safety asset,

CONCLUSIONS

Findings

1. Train No. 1718 was being operated at a speed in excess of that allowed
by the approach signal aspect displayed by signal B-58.

There was no faflure of the signal system,

The presence of three other persons in the operating compartment
could have caused undue commotion and confusion whieh could have
distracted the engineer.

The "decelostat" valve system did not malfunction, and thus, did not
create a condition that would make it impossible to stop the train,

The brakes on the train did not malfunction, except on one wheel,

The condition of the railheads did not contribute to the failure to stop.
The engincer failed to operate the automatic brake valve handle
correctly and, thus, failed to stop the train before it collided with the
standing train.

There was no operable speedometer on the control locometive unit and
the engineer estimated the speed at impact to be 18 to 20 mph, The
train's speed at impact was at least 28 mph,

Cab signals and automatic train control could have prevented the
accident.

Operable radics on all equifthent~being used eon theuWest Chegler
Branch would help avert disasters and improve operations,
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Probable Cause

The National Transportation Safety Board determines that the probable cause
of this accident was the engineer of train Mo, 1718 operating at & speed above that
authorized by the block signal indication which did not allow for his stoppling the
train before it collided with a standing train. Contributing to the aceldent was the
engineer's improper operation of the train brakes and the failure of a supervisor
and ftraincrew personnel in the operating compartment of the locomotive to
monitor the train's operation adequately and to take action to insucre that the
train's specd was reduced or that it was stopped when its speed exceedad that
authorized for the sighal block.

RECOMMENDATIONS

A¢ a result of its investigation of the aceident, the National Transportation
Safety Board reviewed a recommendation issued on Februery7, 1972,
recommendation R-76-24, issued on July 30, 1978, 5/ and recommendation
R-79-73, issued on November 1, 1979, 8/ Nuinerous accldents have been
investigated which indicate the need for such actions. Therefore, the Safaty Board
reiterates the following recommendations to the Federal Railroad Administration:

"Develop a comprehensive program for future raquirements in signal
systems . . . that will require as & minimum:

a. that all mainline trains be equipped with continuous cab
signals in conjunction with automatic-block signals;

b. that all passenger trains be equipped with continuous
automatic speed control (train control);

% ok R
d. that a system be devised to protect trains which step within

1,000 feet after entering a block from being struck by
following trains;

LI IR

"Establish vegulations that would require all trains operating on a main
track to be equipped with an operable radio. (R-79-73)

"Establish regulations on mainlines used by passenger trains that will
require trains to stop if the bloek in front of them is oceupled.
(R~76~-24)"

: % e —
R 5.7. Raﬁroad Accident X e®re uilision of Penn Central Transportation Company-

i
.

Operated Passenger Trains Nos. 132, 944, and 939, Near Wilmington, Delaware,
October 17, 1975 (NTSB~RAR-178-17),

8/ Railroad Aceldent Report—National Rallroad Passenger Corporation Head-end
Collision of Train No. 111 and Plasser Track Machine Equipment, Edison, New
Jarsey, April 20, 1879 (NTSB~RAR-79-10).
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BY THE NATIONAL TRANSPORTATION SAFETY BOARD

/s/ JAMES B. KING
Chalrman

/s/ ELWOOD T. PRIVER
Vice Chelrman

/s/ FRANCIS H. McADAMS
Member

/8/  PATRICIA A. GOLDMAN
Membep

G, H. PATRICK BURSLEY
Member

May 12, 1980




APPENDIKES
APPENDIX A

EXCERPTS FROM RULES FOR
CONDUCTING TRANSPORTATION

Rule D, Person Employed In Any Service On Trains Are Subject To The
Rules And Special Instructions,

34. All members of the crew must, when practicable, as soon as’ the next
signal ahead affecting the movement of their train or engine becomes clearly
visible, communicate the indication to each other by name, and thereafter
continue to observe the signal and call any change of indication until it is
passed.

if train or engine is not operated in accordance with the signal
indication, or sther condition requiring speed be reduced, other members of
the crew must communicate with crew member centrolling the movement at
once and if necessary stoy the train,

108, The conduator, enginemen, and pilot are responsible for the safety of
the train and the cbuervance of the rules, and under conditions not provided
for by the ruies, must take every precaution for protection,

This does not relieve other employes of their responsibility under the
rules,

108. In case of doubt or uncertainty, the sife course must be taken,
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FIG.A  PIG.AA  Fil, A1

Aspect Displayed by Signal 8-22

INDICATION--Stop; then proceed at Restricted
spaed.

NAME: Stop and proceed,

[ 1. "

FIG. A FiG, A1
Aspeut Displayed by Signal B-66

INDICATION - Procesd prepared to stop at noxt
supvel. Train excesding Modium
speed raust st onoce reduce to that
spwed,

NAME: Approsch.




APPENDIX A
CONDUCTORS

4008-1. .... Conductors have general charge of the train to which
assigned and all persons employed thereon are subject to their instructions,
They are responsible for the prompt movement, safety and care of their
rospective trains and the passengers and commodities carried, for the
vigilance and conduct of the men employed thereon and for the prompt
reporting to the Superintendent of conditions that interfure with the prompt
and safe movement of trains,

They must know that members of crew providing protection as required
by Rule 29 are familiar with thelr duties and that their trains are properly
oquipped and inspected; also that Air Brake Rules have been complied with
&nd that the prescribed signals are displayed,

Passenger conducturs must familiarize themselves with the location of
the conductor's valve, (emergenay brake valve), hand brakes and
communicating signat appilances, . ..

TRAINMEN AND BRAKXKEMEN

400N-2. .... They are responsible for the display of train signals, the
proper protection of trains, the handling of switcahes, the coupling and
uncoupling of cary and engines, the manipulation of brakes and for assisting
the conductor or engineman in all things requisite for the prompt and saf-
movement of their train, ...

ENGIN EMEN

400~3. Report to and recelve instructions from the Superintendent or
other designated officer. They will be governed by current mechaniosl,
electrical and air brake instructions pertaining to the safety, inspection,
preparation, and operation of trains and engines. They must comply with the
orders of the Road Foreman of Engines, Trainmaster or other designated
ofticer within their furisdiction.

They must obey the instructions of Station Masters, Station Agents,
Yard Mastere, and Operators within their jurisdietion; and the conductor in
charge of their train as to general management of thelr train, unless by so
doing they endanger its safety or commit a violation of the rules.

They must be qualified on type of engine to which assigned ineluding
any devices or auxilieries attached thereto, At a point where no mechanical
forces are on duty and except on through traing, they will check the
preseribed form In the cab to be sure that the unit or units of the engine
consist have been inspected within the previous 24 hour period for road
service or within one calendar day in yard service.
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If the engine unit or units ure not within date they will make an
inspection, After meking inspoction, they will then record date, time and
location on the preseribed form in the caby and prepare and sign regular work
report.

At points where mechanies! forces a'e employed and on duty, they will
accep! the inspection of the mechanieal forces, except air brake test as to
the condition of the enyine.

They will at the end of the trip make written report on the prescribed
forms,

They will be responsible for the observance of all signals controlling
movements accordingly ond the regulacily of speed bLetween stations,
exercise diseretion, care, and vigilance in moving the engine with or without
cars to prevent injury to persons, damage to property, and lading, avoiding
collisions and derailments., While acting as pilot they will operate the engire
unless otherwise Instucted and when in charge of the engine to which no
qualitied conduetor is assigned or is disabled they must perform the duties of
and conform to the rules relating to eonduviors, They will require the
assistance of crev. .:embers In any duties relative to the prompt and safe
maovement of then tigins, engine and cars, promptly reporting irregularities
or lailures,

They must not allow any member of the crew to operate the engine
except under their personal supervision. They will be responsible for the
propir operation of the engine and must not leave it while on duty except in
case of necessity in which ease the engine must be seeured,

They must, if anything withdraws attention from constant look.ut
anead, or wenther conditions make observation of signals or warnings in any
way doubtful, at onee so regulate speed as to muke train progress entirely
safe.

When a train has more than one engine the rules apply alike to the
enginemar: of esach engine, but the use of the engine bell, whistle and ajr
brake exaept in enmergency must be limited to the leading engine,

The engineman is responsible for the vigilance and conduct of other
employes on the englne, He will sge that they are familiar with their duties
and instruot them if necessary,
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AFPENDIX B

FERSONNEL INFORMATION
TRAIN NO. 1718

Lester A, Shank, Engineer

Lestar A Shank, 47, was employed by the Pannsylvania Railroad Company on
July 1, 1959, He was promoted to engineer on June 1, 1966, Until Cetober 186,
1979, his disciplinary record was clear. Ho wag examined on the comopany
operating rules on December 12, 1878, and on the operstion of air brakes on
March 31, 1878. He passed his last medical exatnination on September 20, 1979,

Riehard J. Hanratty, Conductor

Richard J. Hanratty, 58, was employed by the Pennsylvanta Railroad
Company on July 12, 1841, He was promoted to conductor on February 1, 1944,
He passec an operating rules examination on December 13, 1878, and 8 medical
examination on September 8, 1977,

William K. Gibson, Front Brakeman

William R. Gibson, 50, was employed by the Psnnsylvenia Railroad Company
on June 14, 1955, His personnel records do not indicate when or if he was
promoted to conductor, or when he passed his last operating rules examination, He
passed his last medical examination on April 29, 1976,

Anthony A. Dilauro, Special Duty Trainmuster

Anthony A. Dilauro, 40, was employed by the Penn Central Transportation
Company on January 14, 1970, He wag promoted to engineer on November 1, 1971,
He passed a company operating rules examination on December 28, 1978, an alr
brake examination on April 1, 1874, and a medical exumination on September 20,
19786,




=32~

APPENDIX C
BRAKE UNIT EFFfICIENCY

Unit Type: WABCO Model GJ § 1/2 Tread Brake Unit
Piston Area = 23.758 in. 2
Lever Ratio= 3.97:1%
Formula to determine theoretical shoe {orce
Shoe Forae (SF) = (BCP-3) x Piston Area x l.ever Ratio x .94

b e

BCP Measured Ave, Calculated % Remarks
psi SF~1b,* Theo, SF 1b,

10 551 620 Unreliable at

Low Press,
20 1416 1507
30 2270 2333
40 3125 3280
50 4067 4167
66 4848 5053
5083 5230 ¢ Ful! Service Press,
6723 5940
6572 8915
7008 7218 Emergenay Pross,
7435 713
8309 86400
58 4700 4886 Average

(*) Force = avarage of 6 units measured
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APPENDIX D
MATHEMATICAL ANALYSIS OF IMPACT FORCES

SYMEOL EXPLANAT] Or NUMERICAL YALUE

W Total welght of Tratn I8 463,000 lbs.
! tnctuding 46,500 1bs, for
passengers' welght
Total weight of Train 114 264,000 1bs.
inctuding 23,000 Ybs, for
passangars' weight
Total weight of Train 710 1,537,000 tbs,
and two cars from Train 712
inctuding 83,000 lbs. for
passengars' weight

Coefficient of Adhesions (.08
{Reference 2)

AAR Compression Spec. BOOL 1bs.
Passenger Load Factor 0.65
Speed of First Impact

Speed 1 f Secona Impact

Yotal Crush Distance 72 inches

Distance travelled by the 45 foet
Eleven-Car Train
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The enerqy dissipated 1n miving the eleven-car consist can be calculated as:
E =Mx¥W xd
1 3
» 0.08 x 1,537,000 x 55
v 6.76 x 106 £¢,.1bs,

The energy dissipated in crushing of cars 304, 305 und 265 may be estimated
as:

€ skFaxs$
2 11
w bg x 800,000 x 72 1 12
= 2.4 x 10% £t -1bs.

The kinetic energy of Train No. 1718 and No. 714 before the second impact

{s:
2

E =V ¢ Wi
0 1
B IS |
sy
H
X 32.2
u 11.239?12

{727,000)

To obtain the lower bound of the second mpact speed, only rorty percent of
the energy dissfpated in crushing the thres cars was used in .alculations,
{‘@-a:

E =F + 0,4

0 b 2
V) s 26.} ft./sec,
= Y7.7 mph

During the first impact, from momentum therein, one has:

WY ={(W ¢4 )v!i
10 | 7 ]

where "o denoces the speed of Tratn 1718 prior to impact and vol denvtes the

the speed of the combined Yrain Y718 swd 74, With numerical values from
Table 1, une obtains:

v 10,630
0 0
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It {is obvious that the combined Train 1718 and 714 has to travel a short
distance to strike the eleven-car train, {.e.,

visyl
0

Again, to estimate the lower bound impact speed, one assimes
v 1 a V)
0

ool R b e et 2 i e L e 6 B e o
i j D Sl i B

i e 2.

From tq. (1), ft 45 found that the Initial impact speed of Tratin 1718 is:
Vo = 27.8 mph

X

The estimate agreos quite closely with the brake test data which results in
& second impact of 12 mph for a braking distance of 55 feet,






