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RLAR ENI COLLISION OF
TWO CHICAGO T . SIT AUTHORITY TRAING
CEY ..., TLLINOIS
FEBRUANRY 4, 1977

SYNOFSIS

About 5:27 p.m., c.s.t., on February 4, 1977 Chicago Transit
Authority Lake~Dan Ryan train No. 930 struck the rear of Ravenswood
train No, 415, which was standing on the elevated rall structure at
the inter ection ot Wabash Avenue and Lake Street. The four lead
cars of the elght-car Lake-Dan Ryan trafia overturned and fell from
the elevated structure to the street. One end of each of the two
rear zers of the Ravenswood train derailed. Eleven persons were
killed and 266 persons were injured. Property damage was estimated
to be $1.2 million,

The National Transportvation Safety Board determines that the probable
cause of this accldent was the fallure of the motorman to exercise due
care in meeting his responsibilities and the unauthorized operation of
the Lare Dan Kyan tralr Into a signal block occupied by the atanding
Ravenswood train, at a speed that was too faat to stop after the operator
sighted the standing train.
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INVESTIGATION

The Accldent

Chicago Transit Authority (CTA) trailn No. 415 {Ravenswood) left
Kimball Terminal at 4:35 p.m. on February 4, 1977, The train consisted
of six 6,000-series, self-propelled cars. The trip to downtown Chicago
was routine and about 5:22 p.m. the rrain passed Tower 12 onto the
northbound track on the east side of the elevated track structure 1
over Wabash Avenue. (See figure 1.) When the train departed the
Randolph Street Station and entered the curve at Wabash Avenue and Lake
Street, the cab signal changed from a yellow aspect to a red aspect,
because of a train ahead, After the Ravenswood train stopped, the red
aspect changed to a flashing red aspect, The motorman knew that the
reason for the red signal aspect was a train ahead and, in accordance
with CTA rules, he kept his traip standing at that point with the parking
brakes applied and waited for a proceed signal. The curve begius 18
feet pasc the Randolph~Wabash Street Station.

CTA traln No, 930 (Lake-Dan Ryan) departed the 95th Street Terminal
on the West~South Line at 5:01 p.m. It consisted of eight 2,000-serles,
self-propelled cars and wuas operated by a motorman aml a conductor.

Theve were no known equipment defects, The tvain made regularly scheduled
gtops en route to downtown Chicago with no reported problems. At Tower
12, tie Lake-Dan Ryan train followed :he Ravenswood train onte the
elevaced track atructure. The motorman saw the Ravenswood train ahead
with its lighted marker lights. TFollowing lvis usual procedure, the
motorman operated his train so that it was one station behind the Ravense
wood tratn., He sald that he saw the Ravenswood train when it ieft the
Runde?ph Street Station and pagsed through the curve at Wabash Avenue

and Lake Street.

According to the wotorman's lestimony, 'When I svopped at Randolph,
I did not s=ee the traln prior to my stopplng at Randolph and Wabash. I
thought he was in State and Lake because I felt asgured that he had
already cleared the curve because I did not see him In the curve." He
also kaaw from experience that a Ravenswood train would be diverted to
another route at Tower 18 and that it would no longer be of conceru to
him,

When the Lake-Dan Ryan train entered theé Randolph Street Station,
Just south of the curve, the cab aigaal aspert should have changed from
a "yellow 35" to a "yellow 15" which would have allowed a naximum speed
of 13 wph. However, when the train passed the four-car mark on the
1/ The structure forms approximately a 2-mile "loop" around several
blocks in downtown Chicago. 7There are two parallel tra:ks on the
structure.
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platform, the motorman said that the cab signal changed directly from a
"yellow 35" to a flashing red aspect and that he did not hear an audible
overspeed alarm. He continued moving into the statlon and stopped the
train at the eight-car mark.

When the conductor signalled him te proceed, the ~otorman applied
ninimum power and moved out of the station with the cab signal displaying
a flashing red aspect; he did not recelve authorization to proceed from
CTA central control. He stated later that he belleved that he was not
required to obtain permission to move on the flashing red cal signal
hecause there were other locatioms on the CTA system where a train could
be operated on a flashing red cab signal without first having to cobtain
permission. He also cited a CTA training brochuse on "Cab Control
Signalling'' which does not state that operators must obtain permission
to meve on a Flashing red cab signal as giving him authority to move,
(See appendix A.) According te his testimony, he belleved that a
flashing rea cab signal aspect was the best proceed signal that he could
obtain because he sald that it was the only signal he had ever r ~rived
at Wabash Avenue and Lake Street. He also stated that he did not know
of a "yellow 15" cab signal aspect, but that he was familial with «
"yellow 25" aspect. A "yellow 25" cab signal aspect 1s not used on the
Wedt~South Line.

When the Lake-Dan Ryan train entered the offset curve (see figure 2)

to the right ac a speed of about 10 mph, the motorman moved the cineston 2

to the coast positior. This is a normal operating procedure., He vas

atanding at the car controls, as CTA operating rules required. When the
trair entered the curve to the left, the motorman saw the rear car of

the standing Ravenswood *tvain. lle claimed that this was liis first view

of the train since befure he entered the Randolph Street Statlon. He

also sald that his view from within the operating compartment was ohgtructed

by the windshield wiper motor, the duor at his lefc, and the trainphone
cquipment. He further stared that ne could not have seen the rear of

the Ravenswood train from his location in the cab before he entered the

curve, because the train was hidden from his view by a building in the

southwest corner of the Intersection., {(Sce flgure 2.) When he sighted
the train, he testifled that he immediately applied the maximum service
brakes:; he ciaimed they were not effective, however. He then applied
the emergency brakes. He said he heard the magnetic track brakes drop
but rhat the train still did not seem tc slow, and it struck the

Ravenswood train at 7 to 9.9 wph., (Jee appendix B.}

‘ZTM The cineston control lever is rotated in a horizontal plane to apply
power or brakes or to allow coasting. The lever nust be kept
depressed while the train is moving; 1f reizase i, the brakes auto-
matically appl: in energency.
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Upon impact, about 5:27 p.m., the first car of the Lake-Dan Ryan
train began rocking slowly from side to side, moved slightly back, and
then fell from the track structure. Several witnesses reported seeing a
high-intensity, electrical arc flash and hearing a loud noise at that
time. The next three cars reportedly stopped and then turned over
slowly and fell from the elevated structure, (See figure 3.)

Train propulsion power, which was supplied by a third rail, was not
Intecrupted completely at the time of the accident. Electric power is
fed to a power section from both ends but only one circuilt breaker for
the power section on the outer track opened momentarily at 5:27 p.m. at
the time of the accident, Power was ultimately cut off for both tracks
about 5:46 p.m. One southbound train on the inner track passed the
accident site about 10 minutes after the derailment. The wotorman of
that train moved past the site under the direction of a company official,
¢ ithough the central controller had ordered all trains in the area to
stop and remain standing,

The motorman of a traln following the Lake~Dan Ryan train operated
his train to withia an estimated oune~car length of the rear car of the
deraiied train. He sald he was able to move that close on a cab signal
indicatton which he 1dentified as an "amber 15 or yellow 15."

The accident occurred at the northeast corner of the "loop” where
the elevated track structure turns west from Wabash Avenue to Lake
Street, (See figure 1.)

f
j;" H
{
]

The tracks are lszid or an elevated st2el structure approximately
21 feet above the street. $1x hundred volts d.c. electrical power is
supplied by a third raill for propulsion on each track. The 6~inch by
8-1inch crosstles are lald on steel gilrders which form part of the elevated
atructure. The 90-pound, 33-foot rails for the mailn tracks reast on 10~
inch, flat, single-shoulder tle plates. Bach rall is fastened with iwo
spikes per crossties and was lald in 1967. There are two S-inch by 8-inch
timbers secured on the ends of the crossties on the outside of each trazk,
perpendicular to rach crogsstle. The maln tracks are standard 4-feet
8 1/2-inch gage but the curve at Wabash and Lake fs one-quarter inch
wider,

S i - e
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Hetween the running ralls in the curve are two supplementail rails,
A horizontal restrainiong rail bent to the radius of the curtve is mounted
along tha dnside of the low rall., [t Is lald ow dts side with a nominal
apactng of 1 1/8 1inches fromw the ruaniug rail. The back of the car
wheel contacte the restralning rail so there will be added reslstance
agalngt centrifugal foree., Another guard raill is located 7 inches from
the outside of the high rail to protect agalnst derailment.
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A vheel flange lubricator is Yocated 160 feet south of the point of
impact. There was no excess of lubricant obsarved on elther the gicus
or the tread surface of the ralls.

Injuries to Fersons

Injuries Crewmembers Passengers

Fatal 0 ' 4
Nonfatal 266 unknown
None unknown unknown

Demage to Trains

The damage to the Ravenswood train was minor. The end €ill of the rea:
car was slightly damaged. ‘The initlal point of contact on the rear car vas
just to the left of the car center, The rear tracks of the fifth and sixth
cars were derailed. The traln was moved forward approximately 25 fect by
the force of impact. There were no derallment marks south of the point of
the impact.

The first four cars of the Lake-~Dan Ryan train fell from the elevated
structure, The first and third cars landed on their ryight sides in the
street, The second and fourth cars each stopped with cne ead suspended
on the s:vucture and the other end on the streex, The front truck of
the fifth car was deralled, The major damage to the four leading cars
of the Lake-Dan Ryan train resulted from thelr fall frow the elevated
structure. The fmpact ceused broken glass and bent car frames and car
bodles. The track brakes and tractlion motord were broken or tent.
Stanchions and seat backs were bent and some seais were pulled loose
from the floor probably as a rasult of passengers strilking them. The
remainder of the cars were undamaged.

The ctotal estimated damage to the equipment was $1,138,584,

Crew Information

The wotorman of the [.oke-Dan Ryan traln was ewployed by the CTA on
September 6, 1968, lle attended a CTA training progran before being
advanced to the positlon of motorman on WMay 14, 1969, and to switchman
on November 11, 1970, His last physical examinatioa was October 29,
1976, He had prescription glasses for reading, but he wis not >equired
to wear them while on duty or by Tllinels State law while operating a
motor vehicle, He was not wearing glasses at the time of the sceident.
He operated the Lake-Dan Rtyan train on Fridays only; he operated tralns
over another line on vther day.
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The mctorman's operating record contained several rule violations,
such as not belng on traln at echeduled time; improperly displaving the
front marker lights; not securing safety chains; improper use of emergency
brakes; rough stops; wearing an improper uniform; reading while train
was in motion; and failing to scand in cab at required locations. 1In
two instances he operated past a stop signal; the irain derailed in one
case, He had been reinstructed in osverating rules several times and he
had been suspendad from duty at times because of rule violations. One
acclident was attributed to him., His record contains at least one commenda-
tion for alertiess and his work record had shova some improvemen: during
1975, The motorman indicated that he had rested well the night befove
the accident, and that be was not under any emotional or mental stress
at the time.

The Amalgamated Transit Union contract with the CTA covers the
Lake~Dan Ryan motorman. The contract limits the use of an employee's
discipline record to 1 year for disciplinary purposes,

According to informaclion received from the Chicago Police Lepariment,
four marijuana cigarettes were allegedly found in a handbag belonging to
the motorman of the Lake~Don Ryan train after the accident. He voluntarily
submitted blood and urine samples for analysis., The blood tests were
negative for alcohol, barbiturates, and amphetamines, The urine samples
were submltted to two laboratorlies for analysis. One laboratory showed
traces of THC §/ in the urine. The second laboratory failed to detect
anything unusual on its fiist test, A second test, performed after the
laboratory's instruments were recalibrated, detected the presence of
THC. Neither laboratory could determine how long before the accident the
marijuana had been ingested.

Train Information

I.ach CTA train has at leasi one set of two cars which arve connectaed
gemi~permanently. Fach end of :hese two-car sste has energy-absorbing,
automatic, electric coupler., The draft arrangemcats at the ends of
each car are designed so toat when compression or buff forces exceed
125,000 pounds, bolts are shearad and the draft gears comuress; this
allows the anti-climbers located on the car ends to engaga,

The cars on the Ravenswood train were manufactured by the Ot. Louils
Car Company about 1950, The ttain weiphed about 312,000 pounds. The
end posts were designed to absorb energy by yilelding and deforming

3/ THC iv the abbreviated signature for a wetabolite delta-9-THC-acid
found in human urine after ingesting delta-9-tetrahydrocannibinol,
the active substance found in mariljuana,
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rather thsn by breaking away from their attachment to the frame, The
interior of the cars had cusbloned seats which fared both ends of the
cars. The seut backs were covered with padding and were enclosed by i
tubular steel frames which served as handholds on top of the seats. :
Vertlcal stanchions were located at the doors and at soveral seat locationg
throughoat the cars., There wera two sets of doors on each side of the
cars located about one-fourth car length from each end.

mhe cars on the Lake-Dan Ryan train were manufactured of stainless
ste2] by zhe Budd Company in 1969 and 1970 and were similar to those in
the Kavenewood train. The train weighed about 360,000 poundas,

The equipment of both traias was propelled electrically by traction
motors on each truck., The primary braking mode was electro-dynamic.
rhe drive ghafts of each ~ar weru provided with a friction disc brake
that automatically operated below 5 mph and in emergency braking.
Magnetic track brakes were also provided for emergeacy braking.

The two trains were equipped with either four or six emergency
1ights pexr car whicli were operated from the train batteries. In some
instances battery power was train-lined between the two cars because
only one car was equipped with batteries.

Method of Operation

Tralns on the east and north sectlions of the elevated "loop" are
operated by cab signal indications of an automatic block signal system
and by an automatic train control system (ATC) provided with overspeed
control. The cab signal aspects and their indications are:

Maximum speed
indicated by
11lumination of

Color Displayed yellow light on
by cab_signal Indication speedometer

Green (not presented
in "loop" area)

Yellow Two blocks ahead 35 mph
are unoccupled,

Yellow Block ahead 18 15 mph
unoccupled; 3econd
block 1s occupied} or

Special speed
restyictions.



Maximun speed
indlcated by
1Yliumination of

Color displayed yellow Light on
by cab signai Indicatlon speedometer
Red B3lock ahead is
nccupied, Stop. (no speed iudicated)
Flashing Red Block ahead is 15 mph
occupled; stop. (flashing)

After obtaining
permigsion from
controllier, train
may proceed at a
restricted speed.ﬂf

CTA bulletin S§~511-76, issued December 8, 1976, and reissued on
February 7, 1977, (see appendir C) requires that a train be ilmmediately
stopped on receilpt of a red cab signal and that it not proceed on either
a steady red or a flashing red cab signal without the operatox firat
obtaining permission of the central controller. However, the bulletin
did not supersede or annul any part of CTA training brochure "Cab Control
Signalling."” There are several lrcations on the CTA system where the
only cab signal to proceed is s flashing red indication because the
present track facilities cannot be adapted tu give other signal aspects.
Those locations are governed by speclal instructions permanently posted
at those points. There are no such locationg on the West~-South Line.

The centrul controller has operational control over all traina. He
monitors the passage nf trains past sapecific points by means of time-
synchronized pen charts, and directs trsin movements in the event of
trouble. He contacts the train by means of the trailnphone system,

The cab signals and ATC recelve command signals from audio frequency
transmitcers along the track at the exlts of signal blocks. In the
"Loop" area the signal blocks average about 300 feet. The signal system
in the "lcop" is designed 8o that there is at ieast one unoccupied
aignal block behind an occupled block to provide necessary stopplng
distance for =i approaching train, The apptoach to the unoccupied rod
signal block is governed by a "yellow 15" cab sigrnal aspect.

5/ A red cab signal aspect will automatically change to & flashing red
ceb signal aspect when the train's speed 1s reduced to 3 mph or
less. It permits the train to he moved but reatricts the speed to
a maximun of 15 mph.
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In addition to the cab signals displaved in the operatiug compartment,
an amber light on the speedometer indlcates the maximum permitted speed
for each block conditlon. The light is extinguished for a red cab
nignal and it flashes to 15 mph for a flashing red cab signal. Anytime
rhe maximum allowable speed 18 exceeded, the overspeed control will
gound an audible tone, and if the operator does not begin to reduce the
speed of his train within 1 1/2 to 2 1/4 seconds, the train will be
stopped avtomatically with a full servi:e breke application. When the
cineston is placed in the B-2 or B-3 positions, the audible tone is
silenced, or if the cineston is in one of these positions whken an over-
speed occurs, the alarm does not sound. No alarm sounded when the cab
a{gnal cnanged to a less favorable indication as the Lake-Dan Ryan train
entered the Randolph Street Station hecause the train was in a braking
mode,

The ATC restricts spead to 15 mph on the Wabash and Lake curve '‘hen
the track ahead ig clear or for a red block condition. A speed board
further restricts speed to 10 mph on the curva. The gpeed board supersedes
the ATC because it specifies the most restrictive gpeed. The motorman
of the Lake-~Dan Ryan train did not testify that he did not know of the
speed board's significance, but only that in one point of power, he
could not exceed 15 mph on a flashing red cab signal.

The CTA'a book of operating culea in effect on the day of the
accldent was revised and reissued to employess during 1969-1970. 3
Changes to the operating rules or procedures are {gsued in the form of
pbulletins which are posied at crew reglstering points. Crewmembers are
required to acknowledge, by initialling a "regponsibility log," thelr
reading and understanding only of such posted bulletins that ave cousidered
critical or complex. In some instances, where changes are falt to be
complex or of a c¢ritical nature, supexrvisory personnel will contact
motormen individually and instruct them on the bulletins. The motorman
of the Lake-Dan Ryan train signed the "responsibility log" for bulletin
8«511~76 on December 11, 1976.

The CTA employs roving instructors and inspectors who monitor the
performance of operating employees during scheduled main track scrvice.
Rules vivlations are reported to the crewmembers' supervisors and
corrective action 1s taken etther by a reprimand and re-ingtruction in
the rule violated or by a suspension. The CTA recovds approximately
8,000 supervisory checks monthly. Mandatory followup vefresher trailring
is not provided to CTA employees after they finish their initial traiping,
except when they are reinstructed hecause of a rule vicolation.

2]"TEeVCTA igsued a new operating rules book effective June 8, 1977,
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Meteorological Information

The temperature was about 22°F at the time of the accldent and the
wind was from the north at 11.5 mph. There was no precipitation. Visti-
bility was reported at 9 miles, but it was about twilight and natural
light was wanlng.

Survival Aspects

Tt was difficult to determine if some of the fatalitles had been
passengers or were pedestrians. The best informatiun developed by
investigators indicates that five fatalitles were passengers, two others
were probab’y passengers, and four fatalities probably were persorns on
the street. At least tiiree passengers -- two in the second car and one
i the fourth cat ~- were ejected from the Lake-Dai: Xyan train through
the large windows. One of thece two passengers ln the second cav was
partially ejected from the car but was able to vecover from the fall and
return to the car. The fate of the otber ejectee from Car No. 2 cuould
not be determined. The ejectee from Car No. 4 survived. Thore were no
iwnown eiections through the doors.

Personal injuries that were attributed to the collision were minor.
Personal jnjurles received when some cavs fell to the street were move
serious and were caused by seats and seatbacka, wtanchicng, modesty
panels, the sides of the cars, and other passengers.

Injury data were collected shortly after the accident for 189
passengers whn were injured. This does not include injuries reported
after the tsu.ial data were compiled. A summary of the injuries of the

189 passengers, according to the American Medical Association’s Abbreviated
Injury Scale (AIS} is:

Severity of Injury Numhei of Passengers

1. Minor 144
2. Moderate 19
3. Severe (Not life-ihreatening)

4, Serious (Life-threatening, survival probable)

5, Critlcal (Survival uncertain)

6. Fatal 11
7. Insufficient Informationm

B et T

Total 1

Passengers of the Ravenswood train walked through the truie to the lead
car and exited to the station platform at the State Street Station. Some
passengers on the Lake~Dan Ryan train left the cars unassisted through end
doors or windows from which the glass had fallen out. Others were assisted

PUEEP—— Y
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from the cars by rescue personnel through doors, windows, or openinpgs made
in the car bodies. Mogt passengers were transported quickly to hospitals
by rescue vehicles. The lights went off in three of the cars that fell
from the atructure. The lights remained lighted in the rear five cars,

Tests and Reseerch

Immediately following the accident, the trackside signal system was
tested and no descrepancies were found., The motormen on the Ravenswood
ard the Lake-Dan Ryan trains, and on the train following the Lake~Dan
Ryan train Indicared that their cab signals were correct for the block
nonditions.

The ATC equipmant on the first and second units of the Lake~Dan
Ryan train wae tested and Found to be operating properly. The trainphone,
which was not connected when found, was tested and found to operate
satisfactorily,

The ATC system was tested to determine if under ony operating
conditions a "yellow 35" or "yellow 15" cab signal aspec. could change
directly to a flashing red aspect, The steady red anpect was displayed
about 4 seconds vefore it changed to a flashing rved and the cab signal
would not change directly from a yellow to a flashing red.

Tests of the avallable brake equipment on the four care that fell
to the street and the brakes of the other four cars on the Lake-Dan Ryan
train discleosed that they functiloned properly.

About 48 hours after the accident, test trains, similar in consists
and appearance to the two involved in the crash, were used to determine
visibility factors and stopping distance at the accident site. No
obstructions in the operating compartment of the approaching traia or in
the fureground were found to block the view of the train standing in the
curve as the test train moved from Randolph Street Station through the
compound curve to the collision point,

In another test the test train was accelerated as rapidly as possible
from the eight-car mark at Randolph Street Station until 1t actuated the
overspeed alarm at 15 mph. At that time a full service brake application
was made and the train stopped short of the poini of impact. The total
distance covered was about 118 feet. There was no indication that the
stopping capability of the test train was affected by the presence and
operation of the flange lubricator.

A mathmetical analysis concluded that, under the best simulation of
the prevailing conditions, an impact at 9.5 mph would have caused instability
and the overturning of the train., (See appendix B.)
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Other Information

One witness who was seated along the left side of the first car of
the Lake~Dan Ryan train stated thaft ghe saw the entlre rear car of the
Ravenswood train while the Lake~Dan Ryan train was standing in the
Randolph Street Station and as it moved out of the station,

ANALYSIS

Safety Board investigations of & number of collisions on intercity
railroads have indlcated that & primagy problem of human failure developw
where stop and proceed signals are used and a train s aliowed to enter
an occupied signil block. A passenger train should not be allowed to
move Into an occunied signal block except under the most strirgent controls,
snd then only in cases of an operational emergency. Thie ATC should preclude
a motorman's inadvertent or arbitrary movement of a train into an occupled
signal block. Even though the CTA is operating virtually on an absolute
block system, the operating rules still permit the motorman to move a train
into an occupied block.

The rules require that the motorman obtain permission from central
control before he can move his train into an occupled block, The
motorman's compliance with this rule does not insure against aan accident
because in most Instances the motorman is the only crewmember onboard
the train who knows what 1s happening. To eninance safety and to provilde
more positive agsurance that a motorman will not arbitrarily operate
past a stop signal, an electronic or mechanically operated system should
be provided that requires a consclous effort before the train can be
moved past the signal or {into an occupied block.

$ignal indications that are similer or that could vesult in ambiguous
interpretaticn should not be used. The use of a red and yellow cab signal
light in conjunction with the yellow speedometer arc light to presient
aspects with different indications could be confusing. A mectorman camn
only determine which indication will govern his movement by correlating
the cab signal indication with the speedometer arc light. It is possible
that a motorman under stress might misinterpyret these indicaticns. Elimina-
tion of confusing signal aspects is essential in a rapld transit or commuter
line operstion because of the close headway of traffic, This same situation
existe where motormen are allowed to proceed on a flashing red cab signal by
authority of posted instructions which do not require permigsion of central
control, Even though there are facilities at those points that temporarlly
require this operation, it requires two operational techniques {or the same
signal indication over different lines.

Th: motorman of the Lake-Dan Ryan train noticed the lighted rear
marker 1ights on the Ravenswood train. In recognition of the train's
presence, he maintained a station-to-station interval between the trains.
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From some polnt between Tower 12 and Randolph Street Station, he saw the
lead cars of the Ravenswood train as it began to rouad the curve at
Wabash and Lake., He testified that he knew that the train would be
diverted at Tower 18 ¢nu that it would no longer be a concern for him.
However, he failed to ohgerve that the train stopped bafore clearing the
curve. The train was standing where it was visible from the Randolph
Street Station, even though he testiffed that, "When I stopped at
Randolph, I did not see the train pricr to my stopping al Randoiph and
Wabaah. 1 thought he was in State and lLake because I felt assured that

ke had alruady cleared the curve because T did not see him in the curve.”
The teet train run reenacting tChe events leading up to the acclduent

could only lead the participants to the conclusion that the motorman of
the Lake-Dan Ryan train should have seen the Ravenswood train., Since he
did not see the train wtll just before the colliaion, he obviously was
not fully alert to the conditimms ahead. He stated that it was his

belief that the train ahead was gone, This belief may have been strength-
ened by his raceiving proper cab signal aspects for a clear track condition
on his entry into Randolph Street Station.

e also believed that the flashing red cab signal uspect, which
according to his testimony was displayed seginning with the train's
arrival at the four-car mark at Randolph itreet Station, was correct.
1t is possible that the steady red cab signal indilcation could have been
missed by the motoxman because of its ghort display time and becduse his
attention was directed at bringing the train into the station, Thus,
when he saw the train standing fu the curve in fromt of hin, it was in
total disbelief and he was taken entirely by surprise. This element of
surprise could have affected his judgment and response,

An eyawitness on the Lake-lian Ryan train establighed that the rear
car of the standing Ravenswood train was visible before and at the time
the Lake-Dan Ryan train moved from the Randolph Street Station. Once
more 1t is clear that if the motorman had been cbsarving the track shead
ha should have seen the train., If he had known his cab signal indicatiors,
he would have known that the track was not cleav.

The stopping tests made with a train consist similar to that of the
Lake-Dan Ryan trailn indicates that even 1f the motorman had not aighted
the standing train until after he left the Randolph Street Station and
had accelerated up o 15 wph, his trais could have been stopped short of
the collision point.

The motorman of the Lake-Dan Ryan train gajd that he had seen CTA
bulietin $-511~76, but that he did not relate 1t application to the
ciy sumstances involving hie train on the day of the accident., He
explained this by saying that at othar locations on the CTA gystem &
train could be operated on a flashing red cab gignal without first
receiving permission from the controller to proceed. This could have
generated confusion, especially {f one's knowledge of the rules wad
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vague. The motorman's understanding that the lack of an audible alaru
negated the .equirement of bulletin $-511-76 for him to contact the
centrs i controller for permission to move was not correct. When an
overapeed situation eaisted, the alarm was actuated; however, 1t would
not operate if the train was braking. Therefore, he would not have
gotten an alarm asx he was stopping at Randolph Street, He further
attempted to justify his moving on a {lashing rved cab signal aspect,
without obtaining permission from the countroller, by reference to the
trsining brochure, Bulletin $-511-76 did not specifically mention how
1t affected part 2 of the tralulng brochure, but even so th. motorman
should have obeyed the bulletin which in application and prictice super-
cedes existing instructions on the subject matter to which . 18 addressed,

The motorman of the train foilowlng the Lake=-)na Rvan train apparently
moved his train into a red signal bloch in violatiun of hulletin 8-+511-76.
He would have had to move his train into the block occupled by the lLake-Dan
Ryan train on a flash’ng red cab signal and there is ao record of his first
receiving peralssion from the controller. This acticvu way have been
prompted by the emergency situation so thar passeager. could detrain at
the platform rather than on the alevat :3 track structuve,

The Lake-~Dan Rvan motormean, having cperated a train over the West-South
l.ine for an appreclable time, should have known the correct cab signal
aspects he would obtair for the varied track occupancy conditions.

Further, since he testified that he knew the meaning of bulletin 8-511-76,
he should have known Lts applicarion. 1t Is possible that he may have
been influenced by operating requirements over othe: lines on which he
operated. The scope of the CTA tralning program may be adequate as an
initial indoctvination, but because of the senlority system by which the
motoymen operate, the vounger mern may operate Infrequently as motormen
ar i there is a risk that their knowledge of the meaning and application

ot the rules and procedures will bacome obs:zure, Ths present method of
reinstructing and retraining employees covers only those rules or procedures
that are violated. The program docs not Include a comprehensive review
of all of the operating rules and procedures, nir is there a program
which periodically schedules complete reviews. &/

The CTA's system of randomly monitoring the performance of motormen
and conductors does not insure that those individuals belng monitored can
be assessed accurately on thelr knowledge and understanding of the rules.
It is quite likely that during th time an employee 1s being observed, a
gftuation may not arise that would requive hin to e¢xercise his understanding
of a vule. Reinstructing an employee¢ on a rule that has been violated 1s a
necessary practice, but it 1g an sfter-the~fa:t corrective action. A
greater effort must be expended toward educati'ng the employee to understand
the rules and to apply then correcily in various situations. Based on the

6/ this analys{s reflects the policy at the time of the accident. CTA
bas initiated post-accidant changes.
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performance of the motorwan of the Lake-Dan Ryan train and his testimony
about his understanding ¢f the rules, the Satety Board concludes that he
was not adequately coungselled by one of the roving supervisors when
bulletin $-511-76 was first lssued.

Even though the “responsibility log" insures that an employee reads
the new rules or changes, 1t does not insure that he understands the
rule nor how it should be applied. This can be accomplished only by
reviews or instruction cf the rules with each employee.

The extent that thc motorman may have been under the Influence of
marijuana at the time of the accident could not be determined by tests.
Because of the nature of THC and 1its chemical behavior in a human body,
testy could conclude only that the operator had ingested marijuana at
gome time before the accldent. There 13 no scale available to relate
levels of THC or ite effect on the behavior of individuals.

The present agreement between the CTA and the operator's union to
uze only an employee's record for 1 year to determine his past performance
for disciplinary purposes dozs not provide a sufficient time span inr
management to propecly eveluate an employee and to declde 1f he is a
potentially high-risk employee. The Safety Board belleves that more
thon 1 year of an operator's service record should be considared in a

perxformance evalvation., Xf the Lake-Dan Ryan motorman's entire service
record had been used as a basis for his performance evaluation, 1t may
have conveyed to the CTA that he needed help in some areas and that he
may have been u potentlially high-risk employee.

A dynamlce analysis based on the fact that the Lake-Dan Ryan train
moved the standing Ravenswnod train forward 25 feet when they collided
Indicates that the Lake-Dan Ryan train was moving at 9.5 mph into the
curve. The resulting potential energy and the location of the cars in
a sharp surve lad to jackknifing between cars. The dynamilc forces
reacted greates: between the filrst and second cars, since thelr coupling
was in the sharpest psrtion of the curve, When these cars began to
jackkni€e hecause of the forward force from the rear, they began to fall
over the side of the elevated structure. The second car apparently
pulled the first car backward causing it to fall; while it was being
pushed by the third car, the second car forced the third car to the
right. The third car pulled the fourth car off the structure and the
f1fth car apparently was being pulled off by the fourth car when 1t was
stopped by the station platform.

Some impacy enerpy was absorbed by the draft arrangement of the
cary on each train and a considerable amount of energy wae absorhad by
the jackknifing «i the cars. Even so, the cars in the Lale-Dan Ryan
train moved the Ravenswood train ahead. This force &« -nars to be




unrealistic for the speecd and physical parameters of the Lake-Dan Kyan

t: ain. The high-intensity electrical arc that was obszrved and heard by
eyewlitnesses fmmedlately following the collision Iindi~ates a heavy
electrical power load., The electrical load of lights, heaters. and other
components only does not appear to be heavy enoug: te prcduce such an arc.

The motorman sald that he operated the train arcund the Wabash and
Lake curve in a nurmal manner. It {is unlikely that an eight-car train
that entered the curve at from 8 to 10 mph could coast completely through
the curve., Therefore, 1% i3 logical to assume that at scme podint,
propulsion power was reapplied to maintain the train's speed. If power
was belng applied at the time of the impact, it wore readily explains
the heavy electrical arc that was reported. It also would account more
readily for the reaction of the cars following the collision, It is
possible that the motorman could have inadvertently applied power instead
of the brakes when he first saw the Ravensood train, or he uway have
struck the cineston with his body when the trains collided,

Some persons were seriously {nilured as a result of the fall of the
cars from the elevated structure., There 1s no evidence to indicate that
the integrity of the cars was compromised. Some persons were ejected
through the car windows. The size of the windows may have lieen a
factor in the ejection. This subject has been discussed by the Safety
Board in other accident reports and it will not be discussed hare, 7

Interior lights on the Ravenswood train remained on unt’l power was
cut off. 'The interilor lights went out in the first three cars of the
Lake-Dan Ryan train as soon as they overturned. This is an undesirable
sltuation because darkness tende to generate panice and hysterla in a
confused envircnment, The CTA feels that terminating power to the third
rall immediately after an accident 18 not a good practice bhecause it
causes Lhe cars to be dark inside. Adequate emergency lights powered
from a car's batteries or from dry cell emergency packs could provide
the necessary light and stlill permit the primary power to shut off.

This would eliminate the hazards of tho third rail,

zi7mw“Railroad Ar ident Report - Richmoud, ¥redericksburg and Potomac
Railroad Company Train No. 10/76 Derailment with Three TFatalities and
Numerous Personal Injuries, Franconla, Virginla, January 27, 1970."

(NTSB-RAR~71~1)

"Railrovad Accident Report - Penn Central Transportation Company Fralght
Train Derallment - Passenger Train Collision with Hazardous Maturial
Car, Soundview, Connecticut, October 8, 1970." (NTSB--RAR-72-).)
"Raliroad Accident Report - Derailment of Amtrak Train No.l While
operating on the Illinois Central Railroad Near Salem, Illivois,

June 10, 1971.," (NTSF-RAR-72-5)
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The central controller correctly instructed all trains in the
immedfate avea of the accldent to stop and vemaln atanding, Supervisors
or company offirials snould not rake 1t upon chemselves to countermand
the controller's orders except in extreme emergencies and then, if {t is
not possible tc check with him pefore the move, notlfy him as quickly as
pogsible. Otherwise the controller loses comtrel of the situatinm,
Vibratione rcom the movemenc of the southbound train past the location
of the deralled cars could have caused the nome of the remaining cars
which were unstable to dislodge and fall from the structure. Under
different circumstances, rescue personnel ox confused passengers might
have been struck.

CONCLUSIONS

Findinpgs

1. There were no mechanical or electrical defects 1n the equipment of
either train that would have contributed to the accident.

2. The ATC equipment and the brake systems on the lLake-Dan Ryan train
vere operating properly.

Proper cab signal aspacts were displayed to all trains for the
corresponding track occcupancy conditions in the vicinity of the
accident. on February &, 1977.

The rear car ¢f the Ravenswood train was standing in the curve at

the vime of impact, and it could have been seen by the motorman of
the Lake-Yan Ryan traim as 1t approached from the Randolph Street

Station.

The motorman of the Lake-Dan Rvan train ashould have been able to
atop the traln hefore the collislon 1f he saw the Ravenswood train
at the point where he claimed to have first seen the train.

The overturning movement of the cars was a repult of lateral force
compenents which resulted from the cars' positions on the curve.

Propulsion power was probably being applied either at the time of
impact or immediately thereafter.

A more extensive study of the motorman's service record may have
2nitiated action that would have prevented this accléent,

The lack of systematic review of the pperating rules and procedures
15 a factor in the confusion about the ruvles exhibited by CTA
employees.
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Roving supervisors cannot assess adequately a motorman's complete
understanding of operating rules.

The display on the game Indicator units of cab signal aspects that
are similar but which require different responses can be confusing
to an operator in an emergency situation.

Probable Cause

The Naticnal Transportation Sufety Board determines that the probable
cause of this accident was the failure of rhe motorman to exercise due
care in meeting his responaibilities and the unauthorized operation uf
the Lake-Dan Ryan train intoc a signal block occupied by the standing
Ravenswood train, at a speed that was too fast to stop after the opercator
gighted the standing train.

RECOMMENDATIONS

As a result of its investigation of this accident, the National
Transportation Safety Board made the following recommendations to the
Chicago Transit Authorxity on June 29, 1977:

"Initiate a program which will:

1. Provide a systematic review of the opervating rules so that
all employees will have a clear understanding of such rules
and of any changes.

2. Insure employee compliance with the rules. (Class IT,
Priority Followup) (R-77-14)

"piscontinue the automatic display and control function of the
flashing red cab signal and its assoclated flagshing yellcw 15 mph
on the speedometer. (Class II, Priority Followup) {R~77-15)

"Operate trains on an absolnte block. If it becomes necessary
vo enter an occupled bleck in emergency, provide proceaures
that will insure safe operation. (Class LI, Priority Followup)
(R=-77-16)

“Consider an operating employee's complete service record when
judging the employee's operating capabilities. (Glass (), Priority
Followup) (R=-77-~17)"




g pe s W RRIIN M LA L sy

- 90 -

BY THE NATIONAL TRANSPORTATION SAFETY BOARD

/e/ KAY BAILEY _
Acting Chairman

/s/ FRANCIS H. McADAMS
Member

/a/ PHILIP A. HOGUE
Member

/s/ JAMES B, KING_
Member

November 29, 1977
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APPENDIX A
EXCERPTS FROM
CTA TRAINING BROCHURE
"CAB CONTROL SIGNALLING"

Train operation with cab control signalling

ASPECT PANEL
ll LI N

9. SIGNAL ASPECTS (RED, YELLOW AND GREEN) - indicate the folilowing:

Speed
Speed Indication
Signal Signal Indication (Digital
Aspect Indication (Dial-Type) Type)

Green Proceead 0~65 or 7C 70 or 55

Yellow Proceed
with caution 0-135, 35,
0-25, or 25, or
0~15 15

Stop (after stop
aspect changes to
Flashing Red)

Flashing Red  Proceed with ¢-15 15
caution prepared (flashing) (Flashing)
to stop within
vigion

Flashing red is given where low speeds
are required, such as in yards or when
closing in on trains ahead., Motorman
must exercise extreme caution under
this aspect.

Motorman must operate within the range of speeds indicated by the gignal
rgpect and speedometex.

30 TSN B I
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APPENDIX B

Engineering Mechanics Division i
IIT Research Institute

10 West 35th Street .
Chicago, Illinois 60616

IITRT Project J6366

Report: Technical Directive 2

INCREASED RAIL TRANSIT VEHICLE
CRASHWORTHINESS IN HEAD-ON COLLISIONS
Contract DOT-TSC-1052

Marccen 15177

Prepared by

E. E. Hahn

for

Department. of Transportation
Transportation Systems Center
Kendall Square

Cambridge, Massuchusetts 02142
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TIT Research Tnastitute
10 West 35 Street Chicago, Illinols 60616
312/567-4000

March 8, 1977

Mr., F. Rutyna

U.8. Department of Transportation
Trangportation Systems Center
Kendall Square, Cambridge MA 02142

Dear Mr. Rutyna:

Transmitted herewith are two coples of the February 4, 1977 CTA
accident analysis which was performed as a "technical directive"
under IITRI Project J6366, Contract DOT-TSC-1052. Should you have
any questlons on any part of it, please contact the undersigned or
Dr. E. E. Hahn.

Cordially,

/8/ A. Longinow

Manager
Structural Analysis

AL:ms
Encl.
cct E. Boyle, UMTA
3-11
Longinow telephone input

Impacted Consist Collision
Movement . Speed

5 ft 7.02 mph (Minimum to cause
10 ft 7.54 mph {nstability)
15 ft 8.25 mph
20 ft 8.97 mph
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APPENDIX C
Chicago Tramsit Authority $511-76
General Operations Diviaion Superceden 821576
Transportation Department
SERVICE BULLETIN

TO: Motormen, Switchmwen and Yard Foremen

SUBJECT: Train operating procedures on all raill routes at permissive
iignals displaying red aspact

EFFECTEVE: Wednesday, December 8, 1976

ON ANY MAIN LINE TRACY, BETWEEN TERMINALS:

When a train recelves a red agpect at an interlocking apprceach signal
or an automatic block 3ignal, or receives a red or flashing red aspect of
a cab signal, it must be brought to a stop and must NOT proceed until
the emplcyee operating the train has been instructed to do so by the
controller.

If the reason for the stop 18 a train ahead which can be axpected
to proceed shortly, wait for the signal aspect to change to a “proceed"
indication. 1f the reason for the stop is not evident, or if it does
not clear within a reasonable time, call controller for instructions.

The train MUST REMAIN STANDING until the controller has issued
specific instructions, for example, to authorize the train to
proceed after operation of the track trip manual release (key-by)
or, in cab signal territory, to proceed on the "flashing red.”

If communication cannot ba established with the control center,
the train will procecd to the next wayside signal bond or wayside
signal at not to exceed 15 MPH (on sight®), If the signal then
fails to clear, the train will proceed from block to block at not
to excead 15 MPH (on sight*) to the first point where communication
can be established with the coutrol center by trainphone or telephone.

WITHIN YARD LIMITS5, end AFTER ARRIVAL IN A TERMINAL:

When cab signal displays flashing ved aspect, it is permigsible to
proceed on sipht without calling controller only under the following
conditions!

a. An arriving train may be operated into the yard or turnback
after it has made the regular statlon stop at the terminal and
the passengers have alighted.
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b. Within yard limits,

¢, From the yard or turnback into the regular station berth.
d. When sign is posted whica says "Begin Operation on Sight."
€. Within non-ATC territ-.y.

ALTERNATIVE COMMUNICATION WITH CONTROLLER:

The controller may designate a supervisory person on the scene to
convey instructions.

CAUTTON:

*"'0n Sight'" operation means that the train must be operated at a
speed, not exceeding 15 MPH, which will enable it to be stopped short
of a traln ahead.

Under all circumstances, responsibility rests with the employee
operating the trein for safe movement on a track which may be occupied
by a train ahead or on which sipnal protection is not available.
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The geometry of the curve
and wesi is as Zollows:

Curvature Radius (£t)

Righthand 294
Tangent -
Lefthand 18
Body of curve 39,77
lefthand 150
Tangent -

Run off is )/8 inch in 3 foet.

- 28 -

APPENDIX D

at Wabssh and Lake, proceeding north

Length (ft)

26
30
33
85
73

Superelevation (in.)

0 to 1
1tol1/2
1 1/2 to &
4

4 to 2
2to0

The eyuilibrium speed for the 89,77-ft radius curve is 10 mph.
The theoretical overturning speed 1s in excess of 30 mph.
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APTENDIX E

INCREASED RAIL TRANSIT VEHICLE
CRASHWORTHINESS IN HEAD-ON COLLISIONS

Closing Velocity Analysis of & February 1977 CTA Accident

The objective ¢f this analysis is to calculata the speed of
the Lake Dan Ryan Transit Car Train when it {mpacted a Ravenswood
Train which was stopped at the end of a curve in Chicago's Looy.
Data for the analysis was obtsined frow the Chicago Transit
Authority in response to 11T Research Institute letter of
February 15, 1977 and other private conversations. Table 1 lists
data wsed in the analysis,

The total energy in the two consists just prior to the colli-
sion 1is 8

— 2 '
EI - (vc /zg) 121 td.
where V i1 the closing velocity of the impacting consist. If the

data frowm Table 1 is substituted inte this forwula

' 2
Ey = 549 V

Here Ei will be in in.-1lb 4if Vn is in in./sec.

The energy required to overturn the lsading car of the impace-
ing consist is

£, » W, [(JEZ/A+YC1' - Y,) + E/2)

Agasn substituting datsa from Teble 1

Eo w 599,000 in.~1b

The energy ntored in the draft gear and drawbars due to their
stroke is given by

I - (NN ) (K- §%/2 4 P-5)

Taking data from Table 1 this becomes
Ep = 600,000 4in.»1b.
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TABLE .

TRANSIT

P, ‘ mwmmw%ﬂ\lﬂt‘ﬂmnlwmmml

CAR ACCIDENT DATA

Yalue

386 1n./omc2
54,000 1b
£4,000 1b
52,0600 1b
52,000 1b
%2,000 b
52,000 15
54,000 1b
54,000 1b

36,000 ib
56,000 1b
56,000 1b
56,000 b
36,000 1%
56,000 1b

86.% 4n.

3.5 4n.
42 4n.
14

10

24,000 1b/in.®

1,25 dn.%
5 .OOO 1h#
‘ ﬁ iﬂ 3
346,000 prt
34 An,
174  4n.

90,000 1b
i/4 4n.

12

3.2 wph/sec
25 £t

Fxplanstion

Mcceleretion due to gravity

Baight, deading car, ispacting consist
vaight, second car, fupacting consist
Weight, third car, tmpacting cousist
Weighy,, fourth car, fapacting consist
Wedght, fifth car, impacting consist
Weight, sixth car, impacting consist
Waight, sevanth car, fmpacting coneist
Weight, aighth car, fapacting consist

Weight, leading car, iwpacved consist
weight, second car, fupacted consist
Weight, third car, {mpacted consist
Weight, fourth car, flwmpacted consist
Weight, £16th car, iwpacted consist
Weight, sixth car, impucted consist

Track gage

Track superelevation

Feight of c.g., lesting car of Am=
pecting consist

Number of gaars strolked, fwpacting
consist

Rumber of gears stroked, fmpacted
congist

Draft geay spring constant

Draft gear stroke

Praft gear spring preloasd
Anticlimber radius

Aoticlimber yiald stress
Anticlimhar defieccions, laading cars
Anticlinber deflections, rema'  ing
care

Shear pin load

Shear pin deflection

Nurber of sets of piny shearad
Deaking rate, Juwpactad consist
Total wovesent, lapscted consust

oy

A Estinated data
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Figure 1 i3 & representation of the anticlimbers.

4
e
{ l"“""“ . --‘-1:-17\-" Iﬁ,

Rxigy”

CASll = SELT 0w

Figure 1. Antielimber Geometry

The crush width, ¢, and the c¢rush distance, A, are related by
¢ 2/0K - A
The anticlimber area being crushed is merely the crush width tines

the tota)l ¢hickness being crushed. Using this,aslong wich the sati-
elimber yield stress, the crush force becomas

Fc = U:,, L t?

oy substituting data
Fw @ ~(36,000) ¢ (4'.273)

!

s 30,300 e,

The energy required’ to deform the anticlimber any amount § is given
by

¢
E, =/, F, dA

Substituting the above asquations into this formula and oarrying
out the integration
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£, - 39 900{R? [/2-64n" * (1-8/R) } ~(R=8) VISK =82)

For the leading ecar antlclimbers & = 3/4 'in. and R = 4§ in.
B = 336,000 in.-1b

-

For the remaining anticlhimbers 6 = 1/4 in. and R = 49 in

E, = 65,000 in.=1b

The total energy required to deform all the anticlimbers &s givan
by

Ec «-2F. ¢ 24 E,

E, - 2,232,000 in.-1d
The energy required to shear the shear pins is given by
E‘ « nVd
Substituting data from Table 1, we obtain
E, = 270,000 in.~1b

Let us now determine the energy reguired to move the impsct-
ing consist. The braking rate was given at

b= 3.2 mph/sec

for a 1ight train (42,200 1b carj. Expressing this vate in torms
of the accelerstion due to gravity

B = 0, 146 8.
The force resistiing motion is merely

FD “ WB = (42,200)(0,146)
w 6,160 1b pex car.

The total energy required to move the {mpacting consist is glven
by

!'»F L 6FDD
Subsritucing data in this equation

Ep = 11,088,000 in.=1b




AFPENDIX

From a momentum balance just prior and after impact
v, I owev' S
W, = V. + Vv w!
© gm1 *F yqy H g1 4

Substituting known data into this equation and solving for Ve
(the velocity of the impacting consist immediately after the

collision)
VF n 37 in./sec

The kinetic energy due to this velocity is

E, = (Vo2/2g) ? W
= t&tg A ‘l
v F {ny 1

Substituting into this equation
Ey = 752,000 in./1b

This results in an error of approximately 5 percent in the total
collision energy and only an error of 2.6 percent in the closing
velocity., A more accurate prediction of the closing velogity

would be
vV, = 9.2 mph,

"\
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By the law of consaervation uf energy

By = E, + E 4+ E +E_+Ep

From the preceding energy avaluations
344 Voz = 599,000 + 600,000 + 2,232,000 + 270,C00 + 11,088,000
Solving for Vo

Vb w 164 in./nec

Vo = 9.3 wph

Note that the energy requirement for overturmning the lead car
of the impacting consist is very low (approximately &4 percent) in
comparison to the total energy available in the collision. This
indicates the likelihood of car overturning in any accident situa-
tion where the energy transfer mechanism 4s such that rolloewvar
may occur. Impact on a curve provides such a mechanism since the
lateral componment of the contact forces berween cars will provide
an overturning moment about the wheel rail interface. It should
also be noted that the major source of energy lous (approximutely
75 percent)was in moving the standing consist. /Any errer in the
distance this consist moved or in ics braking force would have a
major effect on the calculated clusing speed.

In this analysis the kinetic energy due to the velocity of
the cars after the collision wias neglected. The following analy-
sis justifies this assumption. The drag force on each impacted
cay was computed as

Fé « (,160 1b
The deceleration of each car is given by

a = ¥y g/V, = (6,160)(396)/(56,000)
= 42.5 1n./mec£

The velocity of the cars just after impact ix

V' = /235 = /(2)(42.5) (25+1%)
« 160 in./sec






