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NATLONAL TRANSPORTATION SAFETY BOARD
Washington, D.C. 20594

RATILROAD ACCIDENT REPORT

Adopted: July 20, 1978

LOUISVILLE & NASHVILLE RAILROAD COMPANY
FREIGHT TRAIN DERAILMENT AT
PENSACCLA, FLORIDA
NOVEMBER 9, 1977

SYNOPSLS

About 6:06 p.m., on November 9, 1977, 2 SD-45 locomotive units and
35 cars of louisville & Nashville freilght train No. 407 deratled when
entering a 6°04' curve at Pensacola, Florida, The adjacent tank heads
of the 18th and 19th carxs were punctured during the derailment by a
loose wheel and axle assembly; this released anhydrous ammonia into the
atwosphere. Two persons died and 46 were injured as a result of the
derallment, release of anhydrous ammonia.and evacuation of about 1,000
persons. Property damage was estimated to be $724,000.

The National Transportation Safety Board determines that the probable
cause of this accldent was the overturning of the high rall in the 6°04°'
cutve which caused track gage to widen, The high rail tipped because it
was not able to withstand the lateral forces generated by the é-axle
locomotive units because of the tight gage of the track, and the forces
generated Lecause of the placement of a lightly loaded long car and an empty
short car ~frectly behind the locomotive with larpe trailing tonnage.

The cause of the ratalitiee and injurles was the release of anhydrous
ammonia through punctures in the tank cars; head shields would have
prevented such punctures,

INVESTICATION

The Accident

About 5:31 p.u , on November 9, 1977, Louiaville & Nashville Railroad
Company (L&N) freight train No, 407 departed Goulding Yard, Pensacola,
Florida, southbound for Chattahoochee, Florida, The train consisted of
3 Sb~43 locomotive unite and 127 cars, including 16 tauk cars carrying
anhydrous amionla. A predeparture inspection and airbrake test at
Coulding Yard disclosed no defects. The train had orviginated in New
Orleans, Loulsiand, earlier in the day.

When the train was 9.5 miles south of Goulding Yard and moving at
35 mph, Lt entered a 6°04' curve at Gull Point, Pensacola., The enginear
did not observe any defects in the track cor any drainage pceoblems as the
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locomotive entered and moved through the curve. Howaever, the brakeman
and reserve engineer sitting on the left side of the locomotive cab
looked to the rear to visually inspect the train and saw sparks coming
from under the rear locomoilve units aud the following seven cars just
as the locomotive reached a road crossing beyond the middle of the
curve. 'They could not see the remaining portion of the train because of
a wooded area along the curve, The rear truck of the second locomotive
unit, the third unit, and the following 35 cars deralled.

The enginenr stated that he felt an unexpecited emergency braking
and reached for the brake valve, but the brakes were already in the
emergency mode as a result of the derailment. The throttle was in the
gecond power position and the ammeter was registering about 100 amperes
before the derailment. However, the engineer stated that he had reduced
the throttle in greater than 10-second intervals from the eighth to the
second position during the 1.4 miles before entering the curve., This
reduzed the speed of the train from 40 mph to the required 35 mph
through the curve., The brakes had not been applied on the train or
locomotive since leaving Goulding Yard. The three crewmembers in the
locomotive stated they did not hear or feel any unusual motions in the
locomotive before the derailment.

The locomotive and cars traveled 800 feet before stopping after the
emergency brake application. The conductor and flagman, who were in the
caboose at the rear of the train, stated that as the train stopped they
noted no slack, jerking, or buff forces in the calwoose. The conductor
called the engineer on the radio when the tvain stopped at 6:06 n.m, and
was told that the train had derailed. The first two cars, a long flat
car loaded with one truck trailer and an empty covered hopper car,
remained upright and coupled to the locomotive, The next 11 cars were
tipped but vemained in line along the following 900 feet of track. The
l4th through 35th cars jack-~knifed and piled up within the next 700
foet, (8ee figure 1.)

The conductor inspecied the 92 remaining cars and found no defects
or derailments. The heasd brakeman and rcserve euglneer, who were inspecting
the deratled portion of the train, detected the smell of ammonia and noticed
a vapor cloud developing when they arrived a: the 10th car; they informed
the englneer by radio. The engineer radiced the Goulding yardmaster
that the train was derailed and that ammonia was leaking. The lead
locomot ive unit was uncoupled and moved about 1/2 mile east to escape
che enlarging vapor cloud, None of the crewmembers were injured iun the
accident,

The track roadbed follows the western shorriine of Escambia Bay in
the accldent area and is adjacent to Pensacola's eastern residential
area. The water-level route has minimal pradients and 1ts curvature
cotiforms to the shoreiine. At Gull Point the track curves inland through
a wooded area and geparates six beachside homes from the homes fronting
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on Scenic Highway just west of the track., An extenuslon of Creilghton
Road provides acceas to the Gull Peint homes and crosses the track
near the center of the curve. The ammonia vapor cloud enveloped the
area. Two pereons died from ammonia inhalation and 46 others were
injured,

Injuriesn to Persons

Injuries Crewmambers Passengiers

Fatal 0
Nonfatal 0
None 5

Damage

Sixteen of vhe 17 deralled tank cars contained anhydrous ammonia
and were located between the 7th and the 28th cars. The 17th tank car
contalined solvent and was leaking slightly at a valve, The other derailed
cars contained conmodities such as feed, lumber, and automobiles, Twelve
of the 35 devalled cars were destroyed and the others were heavily
damaged., The 18th car was puncturcd on the vight side near the junction
of the head and shzll of the tank, The puncture consisted of three
parallel, 1/4-inch-wide, vertical cvacks, about 6 inches apart, and
located near the 4=o'clock position from the top of the tenk., One 19-
inch~loug wrack was adjacent to the weld of the head and shell. The
other two cracks wern 19 inches and 9 inches long respectilvely. The
puncture of the 19th car was a J-inch-wide by 3I8-inch-long tear in the
leading tsnk head. It was located near the 10 o'clock position from the
top and about 31 inches to the left of the vertical centerline. (See
figure 2.)

The high rall thrcughout the curve was initially tipped outward
within its tie plates. The Llow rall was initially tipped inwawxd on its
tie plates from 200 feet into the curve up to the point where the locomotive
stopped. The votal track structure in the first 800 feet of the curve
wag destroyed by che derailed cars, About 1,000 feet of the remaining
track in the curve was damaged,

All trees and ground vegetation east »f Scenle Highway and within
1,000 feet of the punctured tank cars were discolored and leaves withered
by the ammonia vapor cloud., Birds and small wildlife were found dead
within the 1,000-foot area,

Creighton Road access to the Gull Point area east of the accident
aite was blocked by the deralled cars. A water main crossing under the
track, which provided 5 -vlee to the easterly CGull Point residents, was
broken in the derailment.

:i/ One person died 2 months after the accldent as a result of her injuries.
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Cost of damages were estimated to be:

Equipment $434,500
Track 30,000
Wreckage removal 24,500
Lading 235,000
Total 8724, 000

Train Information

The 16 tank cars loaded with anhydrous ammonia had a capacity of
about 33,500 gallons each and complied with U,S., Department of Tranasportation
{(DOT) specificatlions for DOT-112A340W. Twelve of the tank cars, including
the two punctured cars, were provided with E-type couplers, two tank
cars were provided with F-type couplers, and two cars haa T&B shelf-type
couplers.

When the rear block of cars in the train consist was switched at
Pensacola, seven freight cars were located between the locomotive and
the 16 tank cars; this arrangement complied with Federal regulations.
However L&N special rules require that tralns should not be assembled
wich empty or lightly loaded cars at or near the head end of heavy
tonnage traina, and that care should be taken to prevent cars 80 fect or
longer in leugth at the head end of heavy trains (generally more than
7,00C tons), whether loaded or empty. The L&N special rules also require
that blocks of empty cars should not be assembled ahead of blorks of
loaded cars anywhere in the train., However L&N management stated these
special rules are only guildelines and are not enforced., (See appendix A.)
These instructions also are recommended by the Assoclation of American
Railroads (AAR) under its Track Train Dynamics (T'TD) program. (See
appendix B.)

When train No. 407 departed Goulding Yard it did not comply with
the L&N special rules or the AAR recommendatlons because it had a lightly
loaded, B9 foost 1 inch-~long flat car and an empty 50 foot 5 lnch~long,
eovered hopper car coupled to the locomotive with a train that weighed
9,644 tons.
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The locomotive consisted of three units with the following specifications:

Typo Truck Outslde
Type Truck Ceaters Length Weight (pounds)
SD~45 J-axle 43 feet 68 feet 394, 200
Flexi~Coll 6 inches 10 inches

8D-45 3-axle 43 feet 68 feet 396, 060
Flexi~Coil 6 inches 10 inches

Sh-45-2T 3~axle 45 feet 70 feet
HTC 5 inches 8 Inches
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The locomotive units were equipped with dynamic brakes, No, 26
airbrake systems, wheel slip-slide detectors, speed indicators, and
radio with which the locomotive crewmembers could communicate with
crewmembers on the caboose, on other trains, and with the train
dispatcher or vardmaster. The, locowctive units were not equipped wich
speed-recording or event-recording equipment,

Track Information

The track was constructed of used 132-pound rail that was manufactured
from 1967 to 1973, recovered from other track locations, and shop-welded
into 1,404~foot lengths, The 1,404-foot lengths were then fleld-welded -
into a continuous rail when laid in January 1975. The vail was anchored
on ¢ach side of alternete crossties, 7The rail rested on 7 3/4~inch by
14~inch double-shoulder tie plates which were lald on 7-inch by H~inch
by 8 1/2-foot treated hardwood crossties spaced about 21 fuches on
ceaters. TFour hundred and twenty of the 1,207 crossties in the accident
area were replaced in 1973, The rail through the A°04' curve was zecured
by two gage-side and one field-side 5/8-inch by 6-inch track spikes per
tie plate. Each tle plate also was secured with an additional hold-down
track spike. The track was ballasted with sleg to a depth of about 10
inches under the crossties and was last surfaced and lined in 1975. The
track rested upon the sandy soil subbase comprising the shoreline of
Fscambia Bay.

The grade of the track leading to the derailment site was level
with minimal undulating grades except In the 6°04' curve where the grade
became about 0.9 percent ascending for 2,000 feet before the road crossing
beyond the center of the curve. The curve was designed to have a super-
elevation ¢! 3 1/2 inches for an equilibrium speed of about 30 mph.

The track was maintained to meet or exceed Federal Track Safety
Standards for Class 3. These standards require the railroad to inspect
the track twice weekly with at least 1 calendar day interval between
ingpections. One of these {nspections is done by the roadmaster who is
respousible for the track, and the other by n subordinate employee., The
inspection is performed by riding over the tvack at 15 to 20 mph in a
hy-rail, 3/4-von pickup truck. The inspection through the derailment
area usually was made as a portion of an overall fnspection of about 90
miles of main track east of Yensacola. Ihis Inspection normally took
about 1 day to compiete,

The track in the derailment area ls part of a 50-mile scction
meintained by a foreman and five laborers, No work lad been done on the
track in the derailment area since a system gang worked on the track in

1975. Crossties 1in the arca had not been thoroughly inspected since
1973,
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In June 1977, the L&N track geometry bus was used to inspect the
track, and it was determined that the track in the derailment area met
Tederal Class 3 geometry standards. However, the inspection did indicate
that the track gage was 1/2 inch less than the standard gage of + feet 8
1/2 inches approaching the curve. (See appendix D.) The track slso had
been ultrasonically inspected for rail defects in July 1977, and no
defects were noted in the derallment area., An ingpection of the track
had been made on the day before the derailment by representatives of the
L&N and the Federal Raillroad Administ.ation (FRA); they took no exceptlons
to the track or right-of-way. A more intensive FRA track inspection,
however, made after the derailment by walking the 4 miles of track
leading to the derallment site, disclosed 16 locceions with defective
crogstie conditlons, two defective rail conditions, and four defective
dralnage conditions.
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Method of Operation

fraing are operated in this territory by timetable, train orders,
and speciel instructions. The maximum authorized speed s 40 mph, The
6°04' curve at the point of derailment is restricted to 35 mph. Normal
dally traffic consists of four freight trains In each direction. No
passenger trains opetate over this line. Traffic deunsity over the track
increased from 4.4 mililon gross tons per year in 1970 to 11.4 million
gross tons in 1976. Length and tonnage of trains asubsequently increased
along with an increase in the number of cars containing hazardous materials.
Anhydrous ammonia shipments to the Jacksonville, Florida. area constituted
a wajority of the shipments of hazardous material carg in the trains.

S{y-axle locomotive units had not been used through the derallment
area before May 1977,

Meteorological Information

At the time of the accldent, it was dark, visibility was about 5
miles, and the temperature was about 68° F, The sky was overcast with
Lroken clouds at 1,700 feet, and a light rein was falling. The wind was
from the southwest at 3 1/2 mph, and in the following 6 hours changed to
goutheasterly at about 12 mph.

Medical and Pathological Information

Most of the injured persons were treated for ammonia inhalation and
then released from hospitals. However, elght persons were hospitalized.
When inhaled, ammonia vapor produces chemical injury to the linings of
the resplratory tract. Depending on the concentration of gas in the
atmosphere and the lenpth of exposure, injury will vange from irritation
of the eyes, nose, and throat to blindness or death due to laryngeal or
bronchial spasm and/or severe pulmonary edema.
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The fatal injurles indicaved an exposure to high concentrations of
emmonia vapor. One man died within several hours from severe pulmonary
edema, and his wife died from lung damage 2 monthis after the accident.
Both exhibited second-degree chemical burns on exposed and unexpored
portions of their bodies. Thelr two children recovered from their
injuries and were released from the hospital within a month following
the accident.

Anhydyous Ammonia lLeakage

ﬂ Achydrous ammonla is a liquid which at atmospheric pressure boills
at -28° F, The ammonia will remain in a liquid state when the temperature
1s above the boilling point if it is contained under pressuie. If the
pressure 1s removed when the temperature 13 above the boiling point, the
liquid will be converted rapidly into a gas, When vaporized, one part
by ve’ume of the liquid bacomes 877 parts by volume of gas., To conserve
gpac., the commodity is loaded in tank cars as a liquid under pressure.
1f, after tne ammonia 18 loaded, the temperature rises, some of the
1iquid will be converted to a gas which will increase che pressure
within the tank and maintain the remainder of the commodity in the
liquid state. When the ambilent temparature reaches 68° F, as it was on
the day of the accildent, the pressure necessary to retain the anhydrous
ammonla as a liquid in the tank L{s about 90 pourds psi,
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b ’ When the two tank cars were punctured, the pressure within each

y : tank caused the anhydrous ammonia to vent and vavorize, Within 10

' i minutes, nbout 50 percent of the contents of the 1Y9th car quickly vaporized
| into the atmosphere. The contents of the 18th car slowly vaporized

i during the following 12 hours.

?

: Survival Aspects

5 : Because of the position of the puncture in the head of the 19th

: car, the escaping vapor was directed toward a nearby house on the west
gi{de of the track. The vapor cloud which quickly formed soon extended
west to the Scenic Highway and nerth to Creighton Road. The concentrated
cloud of vmmonla vapor was held near the ground by the canopy createé by
3 : trees in the surrounding woods, the light rain, and a 1ight wind blowing
L = from the southwest. Consequently, the cloud enlarged to the east or

bay side of the track and engulfed six homes on Gull Point; 15 persons
were in the homes.

A resldent not'fied the Pensacola Police Department (PPD) of the
derailment about 6:07 p.m. Members of the police and fire departments
arrived at the scene about 6:13 p.m. The rescue personnel procreded
immediately toward the wreckage with breathing apparatus to locate the
conductor and waybills. After finding the conductor with the waybills,
they quickly ascertained the number and location of the anhydrous ammonis r
carg in the train. The Pensaccla Pre-Fire Plan for Railroad Disasters (
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which haé been adopted following three cther hazardous matecilal g2cidents
was put into effect at 6:30 p.m., The firechlef aubsequently ordered the
evacuation of about 500 persons within a 3,500-foot radius, following
infornation given in the DOT Emergency Action Spill guidelines, The
Escambla County and Santa Rosa County civil defense of flcers were also
advised of the cloud's movement and subsequently evacuatad about 500

more persons living within the cloud’s path. The firechief also requested
the assistance of Air Products and Chemicals, Inc., located in Pensacols,

A seven -man emergency team equipped wikh protective equipment was dispatched
by the company and arrived at $:4% p,m. They provided technical assistance.

The escaping vapor was restrained by spraying the punctured areas
of the tvo tank cars with a fog-type water spray. This spray raducaed
the vapor cloud's size by about 30 percent, Water was then cautiously pumped
through the dome of the 18th car to dilute the ammonia, It was continued
unt:l] the following morning when only a 30-percent solution remained in
the car with minimal escaping vapors.

The air traffic controller at the Pensacola Airport first observed
the ammonia cloud formation on radar about 6:10 p.m. It appeared to be
about 1 mile in diameter and about 125 feet high in the vicinity of Gull
Point. He continued to ohaerve the cloud as it moved in a northeast
direction over Escambia Bay and into Santa Rosa County. The cloud
traveled almost 15 miles and was seen on radsr for about 1 hour before
{¢ faded. (See figure 3.) The controller detoured aircraft traffic
away from the cloud and kept the Pensacola civil defense cowmand post
apprised of ita progress.

The occupants of a nearby home on the west slde of the track
apparently tried to escape in a ttuck when their home was engulfed by
the .armonia cloud., Firemen found the four peraons lying in their front
yard,critically injured, The ignition switch of the truck was found in
the on position

One wmotorist driving north on Scenic Highway observed the white fog
acrogs the road. He thought the cloud was from a brush firve or fog from
Escambia Bay and attempted to drive through. However, poor visibilicy
within the dense cloud caused him to drive off the rcad. He ran from
his car when he smelled the ammonia and wis rescued by a following
motorist who took him to a nearby hospital for emergency treatment,

The Gull Point residente on the esst slde of the track saw the
dense fog seeping into thelr homes through open windows. Thay took
various protective measures such as closing windows, placing towels in
door and window cracks, and remainad inside, breathing through wet
towels until help arrived. These residents, some reluctantly, were
evacuated after 45 minutes by either helicopter or omergency reacue
parsonnel. ‘The reacue personnel ghared their breathing aquipment with
the residents during the evacuation. This resulted 1n minoy injuries to
pasceue personnel and the residents when tha insufficlent air supply was
axhausted.
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A rescue helicopter was dispatc.ed from a Pensacola hospital, The
pilot stated that he had no commonicaticn with the command pust or rescue
personnel but only by radic telephone with the hoapital dispatcher, He
observed people on the beach at Gull Point as the cloud moved northeasterly
over the bay. He made four trips to evacuate them,

During the afternoon of November 10, 1977, evacuees who lived west
of Scenic Highway and more than 1,000 feet from the derallment site were
allowed to return to their homes. On November 12, 1977, thepe persons
were again evacuated because of possible puncture or rupture of the tank
cars while they were being rerailed, All evacuees were allowed to
return to their homes on November 13, 197/,

Teats and Ressarch

A mechanlcal inspection and airbrake test of train No. 407's 92
remaining cars made immodiately after the accident and later at Goulding
Yard disclosed no defects. An inspection of the 15 derailed cars disclosed
no defects that would have contributed to the deraliment,

The three locomotive units were inspected shortly after the accldent
and later at the rallroad's shop in Louisville, Kentucky. ‘The speedometer
in the lead unit was teated and found to be working pruperly. All
locomotive measurements were within design specifications and tolerances,
and no defective conditions that contributed to the accident were found.
The first unit and the front truck of the second unit did not have signs
of derailment. The rear truck of the second unit and both trucks of the
third unit contained numerous indications of derallment. The back-ti~
back measurements of the Nos. 4-,%5~,and 6-wheel sets of the derailed
truck of the second unit were 53 3/8 inches, the maximum allowed, and
the total u~-ontrolled lateral motion varied from 1/2 inck to 29/32
inck. Thi< -as less than the l-inch maximum alliowed by Federal Standard
49 CFR 230.220. (See appendix C.) Both trucks of the third unlt hed
derailed similariy to the rear truck of the second unit., Both snowplow-
type pilots on the third unit and the similar rear pillot of the second
unit had rallhead-iize indentatilons.

Measurements of 300 feet of the track structure on each side of the
destroyed track disclosed that the gage varied from 1/2 inch less to 1/8
inch less than standard approaching and entering the curve. The gage
varied from 1/8 inch lean to 3/8 inch more than standard in the curve
beyond the destroyed track. One inch of the 3 3/4-inch average elevation
of the high rail in the curve wue run off on the approaching ftangent
track. Consequently, cross level of the south rail on tangent track
{ncreased from zeto to about l-inch high for 100 feet ending at the
beginning of the spiral to the curve., (See appendix D.) L&N Maintenance
of Way rule 171 states, "In no case will it be parmissible to tun the
elevation nut on the tangent.”" (See appendix A.,) Federal Track Safety
dtandard 49 CFR 213,59(b), howsver, permits runoff om the tangent., (See
appendix C.)
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An inspection of the undestroyed crossties did not disclose any
defective conditions, nor did they exhibit any evidence of lateral tle
plate movement., The condition of the destroyed crossties before the
derailment could not be determined. Rall tipping cccurred within the
tie plate shoulders. A%l broken rails, including a plece of 131-pound
rail which contained a longitudinal fracture about 15 feet 5 inches
through the web, were found to have broken under stress from the derail-
ment and no internal defects were evident. Wheel flange marks were
evident on the lower gage ¢orner and inslde web of the high rail in the
spiral of the curve. Locomotive truck side scrape marks began on the
low rail ab.ut 200 feet lato the curve,

An examination of the subgrade and ballast was complicated by the
gaturation of the roadbed with water from the broken water main and
water sprayed on the leaking tank cars. However, no lateral displace-
ment of the roadbed or of the crossties within the ballast was noted,
Inspection of the culvert under the track in the derailment area, along
with an inspection of drainage in the area, did not disclose any adverse
effects.

Other Information

The L&N stated that about November 30, 1977, it had implemented a
computer prograr which showed hazardous material iInformation on 1its
train consist sheets and waybills. This program provides train crew-
memburs with information on the hazardous materials in their trains, and
also makes the information available to emergency personnel responding
to an accident, '

ANALYSIS

Derallment

The removal and addition of cars to the rear of train No. 407 at
Goulding Yard was a continhuation of the same type of train makeup done
sarlier at New Orleens known as ''destination blocking." Railroad yards
switch together cars, regardless of whether they are loaded or empty,
that are destined for a particular delivery poiut. When a train is made
up, these groups of cars are coupled together in blocke, This blocking
of cars facilitates their remcval when the toain arvives at statlons en
route. ¢©ne major problem confronting this type of train makeup is
prtentially the undesirable distribution of weight or the undesirable
nlacement of long and short cars.

PRI TS e I
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Since the L&N'e special rules covering train handling are considered
only as guidelinee provided to train crewnembers and are not enforced by
L&N supervisots, the train, when assembled in New Orleans and later
gwitched in Pensscola, 'vas not required to be asrembled according to
recent AAR and L&N guidelines. These '"you may or may not" company
procedures circumvent and render useless the speuial rules and pertinent
AAR recommendatlons. '
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Assuming the engineer handled the train ad he recollected after
leaving foulding Yard, when he reduced its speed from 40 to 35 mph for
the speed restriction through the 6°04' curve at Gull Point, ‘“he slack
in the train would have lLeen stretched on the locomotive and the lead 5
to 10 cars when the head portion of the train ascended the 0,%-percent
grade. The 17 tank cars would have undergone slack adjustments as the
locomotive entered the curve. The remaining cars would have drifted
with slack adjustments occurring commensurate with the undulating terrain
over which they were traveling. However, in otder to verify the engineer's
testimony and to determine the actions actually taking place within the
train, an "events recorder" on the locomotive is necesary. The Sufety
Board pointed out to the FRA the nead for event recorders in its report
on the Derailment of I1linois Central Railroad Company Train Second . -,
at Glendora, Missiseippi, on September 11, 1969, (NTSB~RAR~70~2) and
in ite Special Study, "Train Accidents Attributed to the 'Negiligencze
of Employees,'" (NT§B-RSS8~72-1). In respouse, the FRA advised that a study
would be conducted at the Transportation Test Center to develop the needed
information. A Federal requirement for event recorders has not yet been
established, however,

As the train entered the curve, a lateral force would have been
applied constantly against the high rail, This centrifugal force was
due to the train moving at 35 mph, about § wmph over equilibrium spead

for the 3 3/4-inch superelevation of the curve,

In curve negotiation the lead wheel of the truck bears against the
outside rail and the trailing wheels are restraived by the inside rail.
The wheel and axle assemblies can shift relative to one another because
of the lateral frcedom of motion built into equipment trucke. The
lateral freedom of each axle on train No. 407's locomotive was less than
the l-inch maximum tolerance allowed per Federal standard 49 CFR 230,220,
However, the Federal standard is directed to only trucks In general and
makes no mention of multiple-axle trucks, In addition, the ratlroad
industry and suppliers have not developed corresponding meximum curvature
figures for multiple-axle trucks when the gage of track in curves is
reduced 1/2 inch less than standard as allowed by Federal standards and
which was found in the 6°04' curve at Gull Point. This indicates that
the locomotive trucke of train No. 407 would have bem applying excesslve
lateral flange and frictional forces (binding) on bo'h rails as it moved
around the 6°04' curve.

The measurements of the locomotive wheels indicated that there
would have been reduced free play between rall and wheels by about 15/16
inch at locations of 1/2 inch less than standard track gage and would
have required the wheels to ride progressively higher on the fillet
cutve of their flanges. 'The area of contact thereby would have been
increased, resulting in a higher value of curve resistance.




- 16 -

The forces generated by trains in moving around curves ure Eransumitted
from the wheel to the rail and can be divided into lsteral and vertical
components, The vertical (V) forces tend to hold the wheel over the
rail while the lateral (1) forces tend to shove the wheel over the rail
Or move the rail laterally. The relationship of these two forces is
reterred to as the "L/V ratio,"

As the wheels of the locomotlve of train No. 407 moved toward the
vutslde rall of the 6°04° curve, the fillet curve of each flange bore on
the gage corner of the worn rail, As the wheels moved into the 1/ 2
luch, tight gage loration, there was little or no space between the
whael flange and rail. Consequently, the wheel 11fted slightly off the
rall and began baaring at the gage corner. This would have caused the
lateral and vertical foreces to act as a single angular force on ke
vall, With the lateral forceg Increasing because of truck binding and
rail wheel climb, the angular force would be directed beyond the outside
edge of the rall base creating rail tipping,

E
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As the long flat car and shorper empty hopper car began to enter
the curve, thelr wheels and trucks would have reacted to the tight track
gage as the wheels and trucks of the locomotive did, However, since
these cara were being pulled by the locomotive and restrailyad by the
following cars, their trucks were forced against the low rail wlth their
drawbars 1h a stretched pesition. With the flat car already against the
low rail, the lsad wheels of each tvuck would have exerted an angle of
atteack force because of binding agalnst the high vall with very 1ittle
vertical force, The duration of this binding force would have become
constant as the flat car entered the curve, and would havae remalned
until the trealling tonnage caused a buff conditiuvn, or track gaye adequately
widenad., Any slowing of the locomotive because of throttle reduction,
Increase In grade of the track, and increase in irack curvature such as
encountered at Gull Point would have created a buff condition on the
flat car and hepper car. This burf condition would have chauged the
couplar angles on the flat car which would have tranamitted an Increase
in lateral fcree to the high rail while the car was exerting very little
vertical force. ‘this additional lateral forece behind the locomot {ve
would have further increased rall tipping and turnover,

P FUHEL 7 U R W e,

The tipping of the high rail widened the track guge and the locomotive
and flat car whenls dropped nff the low rall Inside of gage. As the
Locomotive wheals dropped off the low rail, the truck side frame and
bolts caught the field aide of the low rail and caused it to tip inward.
The wheel flange marks fourd on the gage corner and web of the high raitl
in the spiral and the bolt acraping marks found on the field gide of the
low rail beginning about 200 feet into the curve, indicate thewe ware the
initigl areas of rail tipping and derailment, As the {~llowing cara
derailed at this location and their wheel flanges began riding on the
web of the outward kipped high ratl, sparks developed which were seen by
the crewmembers when ihe locomotive reached the road crossing beyond the
center of the curva,

. ﬁ#ﬂmmm;mmmwcmmwumwmamfm-‘ g
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The “Ré “rack Inspection after che deraillment enrsblad the inspectors
to find the tight-guge track conditions, wh.ch apparently were not
detectable from a moving hv-rail inspuction vehicle. Consequently, the
LGN track inspectors also wiare not able to del2rmine the defective track
conditions Ffound during the intensive t>ack irspection afcer tha derallment
by only using a hy-rail vehicle through the derailment avea. The L&N
geometry bus inspection in June 1977 indilcate! track gage and cross level
conditfons that did not conform with L&N track standarda. Howevar,
apparently no action wae taken following these inspections tc determine
1f the gage conditions could bacome critical. These inspections and
conditions 1ndicate that the track was not mafntained in all areas to
Vederal Class 3 standards, With the operation of 6-axle locomotive
units, sny detericrated track conditions through a location with both
tight gnge and pousibly poor crossties would have created a potential

derallment situatilon.

Hazardous Materials

All of the serious Injuries and mos~ of the damage resulted from
the abrupt release of the ammonia from the punctured head of the 1Sth
tank car, A lethal cloud engulfed the Cull Point area within minutes
and before the residents could evacvate thelr homes. Rescue personnel
did not know the condition, number, and location of the €Cill Point
residents until search teams swept the area covered bty fog and darkness.
Because no one present was aware of the abllity of the dwellings to
protect the occupants, all victims, when found, were escorted on foot a
distance of 200 to 1,000 feet through the ammonia cloud and out of the
affacted area, Accounts by rescue personnel indicate that a breathable
and survivable atwosphere (f.=2., a low concentration oi ammonia vapors)
was maintained in the gix homes by the 15 Gull Point residents. This
was most likely due to the resldents securirp the interiors of thelr
homes by closing doors and windows and stuffing towels in openings undex
doors and around windows.
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Some of the residents were reluctant to leave thelr homes when
rescue personnel arrived and be exposed to the toxle atmosphere outside.
The minor injuries sustained by these residents were due in part to
their prolonged exposure to the ammonia vapor after they were tsken
outside bv rescue persorciel inte the ammonia cloud without sufficlent
breathing aquipment. Since the evacuation of the residente began at
least 30 minutes after the initial cloud formation, lower concentrations
of ammonla were present Decause of vapor cloud dlepersion and a reduction
in vapor production from the tank cars.
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Survivability was enhanced by those individuals exposed to the
ammonia vapors who breathed through a damp cloth, The damp cloth
filtered our the aerosolized particles in the air. The anhydrous
amnonda's attraction to water further diluted the concentratlons
reaching the sensitive tissues of eyes, nose, throat, and lungs.




- 18 -

Following the impact of the unprotected tank head of the 19th car
with a wheel flangs, about half of the tank'a pressure vented through a
3--inch-wide puncrture un%il the liquid level dropped below the breach., A
haad shield world have prevented or reduced the size of the head puncture
because & shield would have retarded the puncturing wheel, A smaller
puncture would have reduced the release rate of the escaping ammonia and
the aglue of the danger zone. If the cars had been equipped with top
and bottom shelf couplers, the cars might have stayed in line, reducing
the probability of puncture, particularly from the lcose wheel and axle
assembly, '

The developing heavy dense ammonia fog depocited ammonium hydroxide
particulates on exposed surfaces as the wind carried this fog over Hscambia
Bay. This cloud migrated as a single puff of fine ammonium hydroxide
droplets with the prevailing wind speed across the bay, reaching landfall
4 miles eastward in Santa Rosa County, a sparsely populated area. The
ammonium hydroxide in this vcloud enabled the alrport radar to track the
migration across the bay; otherwise, ammonia could not have beaen observed
on thi radar screen., Within 60 minutes the cloud of ammonium hydroxide
traveled 4 miles c¢ver the bay and 5 miles over land in Santa Rosa County,
before dissipating. The wind direction kept the number of injuries low;
an eastern wind wculd have blown the lethal cloud through a heavily
populated uxban area of Pensacola,

After the escaping ammonla from two tank cars was brought under
control by the fire department, with ald from the private emergency
team, the danger of potential puncture of the 15 other hazardous material
tank cars remained. Th: derailed tank cars were stressed, and the
threat of additional breaching of tanks and release of anhydrous ammonia
exleted during the entire reralling operation, If the f.ammable liquid
tank car which was found to be leaking slightly had igalred accildentally
during the rescue. the nature of the emergency would have changed completely.

The local rublic safety personnel reacted promptly and effectively
to the emergency because of thelr development of an emergency plan and
their aexperience with similar accidents. However, several developments
during thls emergency {ndlcate a need for emergency response personnel in
Pensacola to review their Pre-Fire Plan for Railvoad Disasters. The plan
should congider ways to inform threatened residenta of the most effective
means to protect themselves} ways to enable rescue personnel in alrcraft
ov ¢t a derailment slve to communicate directly with emergency ground
personnel; and ways to determine the size of the evacuation area without
relying solely on the suggested area in the DOT Emergency Action Spill
gulde, since the potential danger zone in this accldent eventually
coverad 9 miles, considerably beyond the DOT guideline's prediction of
less than a mile.
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CONCLUSTIONS

Findings

1.

Since the locomotive wus nof: equipped with an "event recorder,"
the determination of train actions and forces as it approached the
derailment puint was limited to the recollection of the locomotive
engineer.

The placement of the empty and lightly loaded cars at the head
end of the heavy tonnage train did not cowply with L&N special
rules governing train handling or AAR Track Train Dynamic recom-
mendat:lons.

The tight gage and eievation run-off on tangent track entering the
curve preceding the derajlment point were acceptable by the Federal
mrack Safety Standards but mot L&N track malntenance rules,

Consistent hy-rail vehicle inepection of the track thkrough the
derailment avea without recent interim walking inspections
precluded the inspectors' determining any adverse track effects
because ¢f the recent use uf é-axle locomotiva units.

Portaccldent inapection of train No, 407's locomotive and cars did
not reveal any mechanical defects that contributed to the cause of
the derailment,

The broken rails found at the derallment site ware s result of the
darailnent.

Defective track conditions found during postaccident Inspections of
the track leading to the derailment site indicate that the track
was not maintained in all areas to Federal Class 3 standards.

Locomotive truck side bolt marks found on the field siide of the low
railhead about 200 feet into tha curve, and whael flange warks on
the lower gage corner of the hizh rail in the spiral indicstes an
initial high rail tipping in tbs spiral and a derailment pr int 200
feet into the curve,

The tight gage in the track caused an inctease in the L/V ratio and
rail tipping because of greaver than normal whael to rail lateral
fornes as the 6=axle locomotive units entered the 6°04' curve,

The large trailing tonnage causad an additional increase in the L/V
ratio and rail turnover because of the placement of the long,
lightly loaded flat car and empty hopper car directly behind the
loconmotive.
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If the punctured tank cavs had besn equipped with head shields and
T&B shelf couplers the punctures may have bezen averted and the
severity of the accldent reduced.

The local public safety personnel reacted promptly and efliectively
to the anhydrous ammonia emevgency because of thely development of
an emergency plan and prior accldent erperiences.

Current DOT hazardous material guldelines for handling an emergency
lack adequate information on how to determine the potential danger
zone of exposure to the released hazardous materials.

Prcbable Cause

The Natilonal Transporcation Safety Board determines that the
probable cause of this accident was the overturaing of the high rail in
¢he 6°04' curve which caused track gage to widen. The high rail tipped
because it was not able to withstand the laterai forces genevated by the
6~axle locomotive unite bascause of the tight gage of the track, and the
forces generated because of the placement of a lightly loaded long car
and an empty short car directly behind the locomotive with large tralling
tonnage. The cause of the fatalities and injuries was the release of
anhydrous ammonia through puvctures in the vank cars; head shields would
have prevented such punctures.

RECOMMENDATIONS

4 a result of its investigution of this accldent, the National
Traneportation Scfety Board recommended that the Federal Rallroad
Admintistration:

"inciude in its review of tha current FRA track safety standards,
invastigation 2°d testing to determine if the 4-foot 8-inch
minimum gage al.uwad fn curved track according to 49 CFR 213,53
is appropriate for 6-axle locomotive unite and cars. (Class II,
Briority Action) (R-78-43)

"promulgate regulations to require locomotives used in trains on
main tracks outside of yard limits to be equipped with operating
event recorders. (Class I1, Priority Action) (R~78-44)

"Invastigate and test to detarmine the adequacy of the total
uncontrolled lateral motion allowad in 49 OFR 230,220 when related
to lateral forces developed on rails by 6-axls Jocomotive uniyr or
by 6-axle cars in curves of wora than 2°. (Class II, Priority
Action) (R-78-43)
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Ypromulgate regulations to require rallroads to limit the length
and tonmage of trains carrying hazardous materials to traln makeup
principles developed under the track train dynamic program.

(Class 1T, Priority Actlon) (R-78-46) '

"promulgate regulations to require raflroads to provide pertiient
hazardous materials emergency information on waybills and to ma.e
this information available to public emergency personnel., (Class 1I,
Priority Action) (R-7&-47)"
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APPENDIX A

Excerpts from Loulsville & Nashville
Speclial Rules and Rules and Instructions

Ror

Louisville and Nashville LOUISVILLE AND NASHVILLE
RAILROAD COMPANY

Railroad Company

RULES AND REGULATIONS

Governing Train Handling, Air Brake and
Dynamic Brake.

T el e A = g P a2 e Pl ‘

Effective April 1, 1975
Approved

S P EC ' A L RU L E S C. N. Wipgins, Vice-President, Operations

The rules and instructions set forth in this

manual govern em 1ogees of the Lonisvilie and

Mashville Railroad Co. whose duties require

‘ . \ \ they be familiar with train handling, air brakes,
Govemmg Train Handlmg, dynamic brake, and their related operation.

) This manual must not be defaced in any
Axr Brakes manner and must be kept up to date as replace-
ment instructions are issued. This manual must

And Dyna mic Brakes be readily accessible while on duty.
W. A. Rice,
System General Road Foreman of Engines

M KKK

9. PRECAUTIONS:

(a) Know your railroad,

(b) Know your equipment.

(¢) Know where your train is on the railroad.

(d} Know where the TRAIN SLACK is and
ADJUST ACCORDINGLY.

(e) APPLY DYNAMIC BRAKE GENTLY
AND SMOOTHLY,

(f) Watch the load METER {Amperage
Ciauge ).

{g) Use good judgment and apply dynamic
brake gradually and do not use high retardation
amperage as it will cause a lightly loaded or
empty ¢ar to be lifted off its trucks,

{k) Trains should not be assembled with emply
or light!ly loaded cars at or near the head-end of
heavy tonnage trains,

(iy Care should be taken to prevent cars 80
feet or longer at the head-end of heavy trains Pfﬂﬂﬂ“ﬂg ME’ hlank
whethar loaded or empty; or blocks of empty cars

asseinbled ahead of blocks of loaded cars any-
where in the train.
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L&N

RULES and INSTRUCTIONS

of the

oo IR, bl 0 . Al

e Vet

MAINTENANCE OF WAY
" DEPARTMENT

Effective July 1, 1967
Revised February 1, 1974
Revised March 1, 1975
Revised August 1,1977

188, 3piral Curves—The curvature of a spiral
curve begins at nothing at the tangent and in-
creases gradually untii it connects with the regular
curve. The ending points of regular curve shall be
indicated by a marker with the full elevation
shown thereon. Where practical, spiral length
shall be provided on the basis of not less than 78
feet for euch inch of elevation

Gage of Track

160, Stendard Gage—-The gage of track is
the distance between the heads of the rails, meas-
ured at right angles thereto, at a point five-cighths
(%) inch below the top of the rail,

The standard gage of tvack is 4 feet 8%4 inches,
Straight track must be put to standard gage.

171. Run-Off—The elevation specified fora
curve will be used throughout the simple curve
between the ends of spirals, and should be run
off, as gradually us possible, starting with full
slevation at the end of the simple curve (where
full curvature exists) and cdecreasing uniformly
until zero elevation is reached (at zero curva-
ture). Where possible, without decreasing the
elevation at a rate greatery than 1" in 78', the
rate of runoff should be so that zero elevation s
reached where zero curvature is reached. If the
spiral is too short to run the entire elevation
off on it at the rate of not mote thun 1" in
78', the runofl rute may be increased to as
much as 1" in 62°. In no case will it be per-

Ty n

missible to run the elevation out on the
tangent, If local conditions will not permit a
runoff to comply with the above provisions,
the Division Engineer must be notified so that
he may revise the length of spiral or specified
elecvation, which may require a change in
authorized speed,

:
i
v
.
:
o
:
&
.
¥
¥
=

The gage will be restored, when it varies from
swne 2ed by one-half (%) inch.

L

1 /0. Maximum Elevation-No curve shall
be elevated more than four (4) inches.
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APPENDIX B

Excerpts from Association of American
Railroad Track Train Dynamices Program and Report

3.2.4 LONG <AR = SHORT CAR COMBINATIONS

Figure 12 illustrates the genmetry of a long car -
short car combination. Note the coupler angularity of the
long car, It also illustrates the latersl forces produced
by a 100,000 lb, drawbar force. Whan the coupler angle of
the short car is 7 degreos the lateral force is 12,190 lbs.
When the coupler angle is 13¥28' the lateral force is
23,150 1lbo,

High lateral forces may cause derailments when track
shift, rall turnover, wheel climb, or wheel lift occurs,
esoarch LndiGates tRhAL When the tReoretlcal Tacls of Tat-
era) force {L) to vertical force {V), tha 'L/V Ratio',
raachos certain critical limits, there is the dangex of an

impending darailment. These values are:

1. 0.64 {unrestrained r&il may overturn)

2, 0.75 {flange may climb worn rail)

3. 0.82 {(wheel may lift disengaging flange)
4. 1.29% {(flange may climb new rail}

Note: All the above values are Lime dependent ocourrences.
The normally accepted value for significant events, such as
impending derailment sltuations, is now considaered to be
.3 of a second. However, these time dependent ouocurrences
will be further substantiated by other research in the
Track-Train Dynamics Program,

Vertical wheel forces are affected by car weighst,
speed, Erack curvature and Buparelevation. asearch 1y
Incomplete oh the relationship between Speed and super=-
elevation, and the lateral forces produced by long car -
short car combinations. The lateral forces on a truok of
an empty car weighinq 40,000 lbs. corresponding to the
critical L/V rutios mentioned above are:;

1. 12,800 lbs. (unrestrained rail may overturn)

2, 15,000 lbs. (flange may climb worn rail)

3. 16,400 lbs. (wheel may 1lift disengaying flange)
4. 25,800 lbe. (flange may climb new rail)

The lateral forces on a truck of an empty car welghing
67,000 1be., (33.5 tona) vorresponding to the critical L/V
ratios arei

1. 2),400 1lbs. (unrestrained rail may overturn)

2, 25,100 lbe. (flange may climb worn rail)

3. 27,500 lbas, (whael may 1ift disengaging flange)
4, 43,200 lbs, (flange may olimb new rall)

Avallable research data has indicated that the lateral
force produced by & drawbar reaction {draft) at a long car
(89 ft. 4in lenyth, having a 43 inch coupler) approaches a
maximum when coupled to & short cay (50 ft. or less in
length, having a 33 inch coupler).

3-22
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LATERAL COMPONENT REACTING
AT TRUCK CENTER
23,156 LBS.
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APPENDIX B

Table 3 shows the mtoad{--tate dravwbar forces that
will produce oritical luteral forces for long =~ short car
combinations for various degreas of curvature oy a car
welght of 33.% tons.

TABLE 3

Untestrained | Flange May | Wneel May LIFt
Derallment | Rall May Ciimb Worn |Disengaging
Condition Overturn rail Flaunge

critical
Ljv ratic 0.64* 0.75 0.2

Critical S
Lateral 21,440 lbs, 25,125 lbs, 27,470 lbs.,
Force

When Draw~ when Draw~ wWhen Draw-
Degran of bar ¥orces bar Forces |baxr Forices
urvature Excetds: Buceads Excoead!

300,000 lbs, 300,000 lbs.| 300,000 lba.
205,000 * 240,000 * 262,000 *
154,000 180,000 197,000
123,000 144,000 158,000
163,000 122,000 132,000
84,000 103,000 113,000

*pased upon tha overturning chayacteyistics of a x&il
and neglecting the torsional resistance producad by a haavier
car both preceding and tyxailing the light car.

R

THOSE WHKO ARE RESPONSIBLE FOR THY MAKE UP OF PRAINS
SKOULD BE AWARE PHAT HIGH L/V RATIOS CAN BE DEVELCOPED
WKEN CARS OF 86 FELT OF LONGER ARE COUPLED WITH CARS OF
LESS THAN &0 FELT IN LENGTH,

XA NI 0

Many reilvoads tend to limit the drawbar pull of the
Jocomotive (s} to 250,000 lbe. or less by limiting the trao~
tive effort in the locomotive consists,

~ Most of tho very high drawbar forcus are experisnced
when haavy traipe sre sscsnding or descanding those ruling
grades that limit the maximum train tonnaye. The throe
principal factors that are involved in the problems ahkso-
ciated with the make-up of long car ~ short cax combinations
in the tr.in ares
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APPENDIX B

Weight of the train trailing the long car - short
combinations,

Effective grade beneath the segments of the train
tralling the long car -~ short car combirations,

3., Duegraee of curvature baing traversed by the long
car -~ phort ¢ar combinations,

The grade and degree of ourvature are fixed character~
istics of the particular routa. The placement of long var -
short ocar combinations in a train should vary depending upon
the trailing tonnage.

For the suggested maximum allowable tonnage to trail
an empty long car, which may be used by terminal operating
pet:dn:el to govern their train make-up procedures, ses
Table 4,

When considering the placement of long car - ghort car
combinations ahead of helper engines, tha tonnage and the
effective grade under the cars preceding the helper must be
considered. The sllowable ateady-state drawbar forces (bufy)
because of increased coupler angularity, are approximately
20% highar than draft forces in & given degree of curvature,
Sea Table §,

waleais

Tables 4 and % do not take into consideration speed or
superelavation for trains negotiating curves. However, if
the speed and suparelevation are in equilibrium, or reason-
ably close, the guidelline table can be effactively used, 1If
gpwed is significantly ditferent than the eguilibrium sprnea,
a further raduction in trailing tonnage for long car - short
car combinations must ba made,

,.
4
|
i
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APPENDIX B

TAMLE 4 CGuideline Toynage to Trail An 85 Fe. Empty Car in Draty
Sharpness of Curve 4% €0 8° 109 120 149

Haxizun Sale 250,000 | 190,000 [140,000 |110,000 | 90,000 |77
_lravbay Force {1bs.) 100 190, »000 110,000 | 90,000 , 500

Druwbar
fteapness | Forse/
Of Trailing
{irade Tun

0,2% 10.1 264,700 | 18,800 | 13,800 | 10,900 | 8,890 | 8,650

0.4 14.1 17,700 { 13,300 9,790 7,700 | 6,290 | 5,420

0.6% 18.1 13,800 1 10,500 7,720 6,070 | 4,960 | 4,280

0.8% 22.1 11,300 8,590 6,330 4,970 | 4,070 | 3,500

1.03 7 26,1 5,570 1,270 5,360 4,210 | 3,460 | 2,970

e @ MRt
..-'

i

1,22 30.1 8,300 6,310 4,650 3,650 { 2,990 | 2,570

i L

e
-

1.4% 3.1 7,330 | 5,870 | 4,100 | 3,220 2,660 | 2,270

Lo
i

i 1.62 38.1 4,560 4,980 3,680 2,890 | 2,360 | 2,030

1.8% 42.1 5,930 4,810 3,320 2,610 | 2,140 1 1,840

¢.2% 50.1 4,9%0 3,790 2,790 2,190 | 1,800 | 1,550

2,4% 54,1 4,620 [ 3,510 § 2,500 [ 2,030 | 1,660 [ 1,430

| 262 58.1 4,300 | 23,2761 2,410 1,890 1,550 10 1,330

HOTEL  Above table biaed on the following criteria
Maximum Drawbar Foree based upon Knuckle Strangth » 250,000 Lbhs,
Grade Resistance » 20 ibs./ton/percent grade

Rolling Reeistance »  &.13 lba,./ton for 3% ton cars at 11 MPH

e —— A I T A S e e Ly, T U, ST Y




APPENDLX B

TAnLE % Guldeline Tonnage to Preceed an BS Ft, Empty Catt in Buff
— " o vy o

Sharpness of Curve ' 6* 8° 10° ) LAAN I T 0

Maximup Sale :
Dravbii Fovce {ibs.){200,000 112,000 {88,000 53,000

A

Dravbhar
Steepness | Force/
ot Treiling
Grade Ton

0. 2% 10.1 | 19,700 | 13,000 | 11,100 | 8,690 { 7,130 | 6,120
0,45 161 | 14,200 | 10,600 | 7,630 { 6,130 | 5,050 | 4,340

ﬁ“-ﬂ.ﬁl 7 r= 18.), , 11,000 | 8,380 6,180 | «,830 3,970 | 3,420 i
OfB! 2.1 $,030 | 6,870 5,060 | 3,980 3,250 1 2,800

1.0% 26,1 7,650 | 3,820 4,290 § 3,200 2,760 | 2,370

1.2% 30.1 6,630 | 5,050 3,720 | 2,%:0 2,390 | 2,060

3.4y 34,1 5,860 | 4,450 —3.250 2,580 | 2,110 | 1,820
1.6% 38,1 5,250 | 3,990 2,940 | 2,312 | 1,890 } 1,630
1.8% 2 L 0950 | 3.610] 2,660 | 2,0 | 1,710 | 1,470
2,0% 46,1 | 4,360 ) 3,990 2,430} 1,910 1,560 | 1,350
2.2% 50.1 3,990 | a,0%0] 2,230 | 1,760 | 1,450 | 1,240

2.4% b4} 1,690 2,810 2,070 | 1,630 1,330 | 1,150
2.6% 58.1 3,440 2,610 1,930 1 1,510 1,240 | 1,070

i 5

s
[
;
%
¥
f
{
i
|
i
{
5
;

i

NOTE: Above table based ou following crivetis:

AR R e g g AL

Maximue Safe Drawbar Force based upon 250,000 1b, Guideline Dravbar
Strangth and 203 Yncresse in Coupler Angle whan 4n Boft

Grade Reslstanie = 20 Lbs,/ton/percent grade

Rolling Rasiutance = 6,13 1ba.,/ton for 33 ton cars at 21 aph
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APPENDIX B

TRACK AND STRUCTIRES CONSIDERATIONS

rrain handling is affectad in many ways, both
d&remtl{ and indiractly, by the actions of pecsonnel
othay than the train and engina "orew,” just as the
actions of the crew can also affect the rniling stock,
track, structures and thelr maintenancu.

1t is important that raintenance and desion
personnel understand the dynanic forces {nvclved in
train operation and their affects on the track and
supporting structures, Maintenance and design personnel
must also be aware of the effects of their actions, such
as the placement of speed rastrictlons, have on the orew's
abiﬁitg to handle traina through areas being reapalred or
re-built,

It is equa.ly important that the crew be awvare of the
forces sxpendad in starting, running and stopping a traln
and the manner in which these forces are transmitced
threugh the cars and thelr component parcs (drawbar,
frame, wheal, etc.) to tha track and its substructure,
ineluding bridgas and trestles,

A orew thatunderstands the roasons for limitations
placed on train speads will not oxceal these limits and
jeopariize the safoty of the train operation.

phe Track and Btructures Considerations Section of
thie manual actempts to outline some of the dynamic
problems withoul excessive use of technical terminolegy.

4.1 DYNAMIC FORCES ON RAIL

The forces expendad by trains in startiag, >topping,
running, and negotlati.y cuxves and turnouts are trans~
mitted frem the wheal to the rall and can be divided into
fateral and vevtiocal components as illustzated in Flgute L.

If the Laterel (L) and the Verticel (V) forces
yeneratad by moving trains are not absorbed and restrained
by the track, failures of some form will occur. Thesa
teilures can often be predicted by studying the L/V ratios
(Ehg 1:&@{&1 forses dividad by the vertical forcea) uat
L 11 a w#-‘a

Critical L/V values vary qreatly, sccording to
dynami¢ aituations baing considered; for example, L/V ratios
which present a problem in low supeed draft situations are
not the same as those that are of concern in hiyh speasd
buff situations, due to such factors as ths dynamio
charsctoriastics of the vehicles, tiuock# and track.

A-1
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Figure 1. Forces on Rail

The consideration of L/V ratios ium important in an
study of ths Interactlon of wieel and rail in dynamic
eituations and must be racoynlzed as & Tiime dopendent

ceurrence’  lan ocCUIIGnCe Whome IMDOL tance vgrggg_ﬁf?h
he elapsod time.] L7V tatios ary e8prclally. Important
.n predicting track #Hhilc, wﬁemf"é13m34|jﬁ5giaTT¥t ang
cais turnover, (dee bection 3.8.4 Train Make-Up)

While the L/V ratio is important in stuldving track
situatlons, the actual lateral and vertica! forces are
the forces which must be absorbued by the track structure
supporting the train. The lateral stability of the track
must de such that it will resise any tendency to shift or
inerease gage,

Rail wear octurs in generally predictable patterns
aceording to the tonnage handled, the speed, the eurvature
and the equipment, Whenever wear greatly exceeds expected
limits at a par.icular location, cooparative interdepart«
nentsl etudies should be inltlated to detarmine eircum»
stances of the track, the equipment, and the train
handling., SvPCral LINES OF COMMUNICATION WITHIN THE
COMPANY SHOULD BE ESTABLISHED 80 THE PROBLEMS RELATING TO
PHE TRACK, THE LQUIPMERD, AND ThE TRAIN MANDLING CAN BE
MUTZUALLY SIUDIED AND EFFECPIVE SQLUTIONS IMPLEMENTED,
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4. 1.1 SPEED RESTRICTIONS

Spend restrictions mre imposed on train operations
for many xsasons including operating, legal and
technical considerations, auch as limitations of the
sguipment, track and structuras.

Most speed restrictions are imposed for the safasty
of the train operationa so the magnitude of the forces
expianded will not creats an wunsale condition.

The magnitude of forces expended in train operations
varies with the speed of the train, with some forces
increasing in proportion with the square of the speed,
The greatest forces ogcur in slowing or ltopﬁinq a train
and these forces are transmittad to the track. The main

train forces ara longitudinal in nature which in turn can
also lead to undesirable lateral forces.

é%sihgsg;ngggi%“ggggirgﬁgg & section of track must not
xceed the speed from which dn emaloalicy Stop can be Mmade
w o%t_ggm Xgnssi ,?__9_,1' g n__%p?ge tLragk and
structures not Qﬂi¥ frgm". qity rwhi oree &
gxcessive r}g_:arﬂ. Qr¢es &Ea wheel W XL

vy

wheel ¢limb or rall turnovex,

Speed restrictions sre aither permanent, recognizing
the inherant design limitations of the track and eguipment;
or temporary, for & variety of reasons, including track or
bridge repairs, emergency situations (e.g,, flooding, soft
roadbed, etc.), or equipnent considerations recognizing
the problams of a particular car or combinations of cars
being handied.

THE LINITS OF SFEED RESTRICTIONS MUSY BE CAREFULLY
SELECTED, CONSIDERING NOT ONLY THE SPECIFIC STRUCTURE OR
BECTION DF TRACK T0 BE PROTECITED BUT ALSO THE DIFFICULYY
PYPERIENCED BY LOCOMGTIVE EMGINEERS IN CONTROLLING THE
PRAIN AS IT APPRUOACHES THE RESTRICIION., IXN ORDER 10 (:::)

ADEQUATELY PROTECT (URVES AHD STRUCTURES PRIOR T0 TRE
RESTRICTED AREA, 1T MAY BE ADVISABLE T0 EXVEND DHE LIMI?S
OF THE RESTRIVCTION, SINCE ALL CARS IN THE TRALN MUST BE
BROUGHT THROUGH THE RESTRICIION SAFELY, THE CREW HAS THE
RESPONSIBILITY TO OBSERVE THE SPEED RESTRICTION FOR THE
ENTIRE LENGTH OF THEIR TRAIWN UNLESS OTHERWISE SPECIPIED
i.e., such as the sngine spaed only being limited at a
orosping.

4.1.1.1 CURVES
A train iv made to change direction by introducing
curvature into the track. ‘he rail on thn outside of the

surve guides the wheel and truck by resisting its tendency
0 go straight thus turning the locomotive op car,

4-3
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In the curve negotiation the lead wheel bears against the
outside rail of the curve and the trailing wheals are
restrained by the inside rail. The angle betwaen the
leading outeyr wheel and the outside rall is referred to
as the "angls of attack." Figura 2 illustrates the
relative ponition of a 3~axle rigid frames loocomotive
truck while traversing & curve.

/’[m.n OF ATTACK

N
\& \
~ ae;?gp
N\

Figure 2. J-Axle Rigid Frame Locomotive Truck

The axles can shift relative to one another dus to the
lateral fresdom of motion bullt into equipment trucks. This
lateral freedom allows the trailing axles to shift somewhat
goward tha outer rall and all sxler toO akew to A aharper

angle of attack,

TINLAT L m Ly b g
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SOLID LINE* WITH LIMITED LATERAL
AXLE FREEDOM

DOTTED LINE“ WITHOUT LATERAL AXLE FREEDOM

Flgure 3, Standard J-Piace Fraight car Truck

Figure 3 illustrates the relative position of the
wheals and axles of a standard 3-plece frelqht ocar
truck while traversing a curve with and without the
affect of lateral freedom.

Lo o

TR

Wheel to rail frictional forces daveloped in
curve negqotiation are In addition to he normal forues
gonerated in train operation and incroase sharply us
the degree of curvature increasaes. The relativs
magnitude of the lateral foxcam developed is shown in
Flgure 4.

-

i

T e

Ag the frictional forces increase, the probabhility
of wheal climb, rail turnover and¢ lateral buckling of the
track increases. Thare is a limit to the amount of
curvature a tiuck can negotiate without exceasive fric-
tion and binding. 'This depends on the truck wheel base,
the gage of track, and the lateral) freadom par axle.

EQUIPMENT MUST HOT RE PERMITYED T¢ QPERATE OX
CURVATURE GREATER THAN THAT FOR WHICH THE EQUIPMENT IS
DESIGNED UNLESS INCREASES ANE MADE IN THE LATER4L FPREEDOM (4-3)
OF AXLES OR GAGE OF THE TRACK., WHERE GAGE IS WIDENED
APPROPRIATE RESPRAINDTS ON OFERATING SPERD MUST 58
IMPOSED,

TR R T TR TR 1 T i g e i
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| |

3 e e eI B
DEGREE OF CURVE

Figure 4. Relationship of Lateral Friational Forces to
curvature
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LIMITING CONDITIONS FPOR VARIOUS 3-AXLE TRUCK LENGTIS
ARE AS FOLLOKS: :

Standard Gage
{4'-8k"), Standard Gage, 4'-8" CGaype,
Length of Standard Lat- With 1/2" Lats Standard Lat-

Truok Vheel aral Freedom eral Freedom eral Freedom
baee Poy Axle (3/8") Per Asle . Per Azle

11! - gn 220 750 26°
13 - g 140 140
16" - 8” 120

Trains operating in draft around curves exert inward
lateral forces on the track because a train tends to "string
line™ or assume a stralght line when traversing the curve.

In normal operation the rail absorbsa this lateral force
and it is transferred to the roadbed. AVOID HEAVY FORCES T¢
START, DRAG OR ABHUPITLY INCREASE THE SPEED OF A TRAIN IN A
CURVE, SINCE THE RESULTING "SIPRING LINEY EFFECT COULD SHIFT 45
TRACK, TURN RAIL OVER OR OTRERWISE RESULT IN DERAILMENT,

OR STOPPED ON CURVES SINCE PRE TRACK MUSYT ABSURB ALL FORCES
CREATED BY THE BRAKING ACTION. The lateral forces in such
action are often invreased by sluggish truck or coupler ac~-
tion cooking the tyuck and/or car (jackknifing) at other than
normal position relative to the curve.

AVOID HEAVY BRAKING FORCES WREN TRAINS ARE BEING SLOWED <::::)
4~6

Trains traveling arovund curves are also affected by cen-
trifugal force which acts away from the center of the curve
and tends to overturn the cars as illustrated in Figure 5.
T?és tmﬁgency diracts the welght of the train toward the out-
side rail, '

FRL Rl Lh R G R S T 2 R R T 1 iy
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¢ INSIDE OF CURVE OUTSIDE OF CURVE ~—wto-

TCENTRIFUGAL FORCE
CENTER OF
GRAVITY :

e,

"~

T RESULTANT FORCE

Figure 5. Effects of Centrifugal Force
Centrifugal force increanes as the squara of the

speed and increases in direct proportion to the degree
of curvature,

The d¥namggmforcaswof train operation are additive
to the ordinary xorces&of curve negotiation.

B TR S I e T R T T oY
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4.1.1.1,A SUPERELEVATION

Buperelevation is the ralsing of the outer rail on

a curve to permit using the weight (gravitational force)
to counteract the effect of centrifugal force. Ralsing
the outer rail movns the effect of the weight force
toward the Inside rail, Combining the effects of tho
centrifugal foree and weight produces a resultant force
as illustrated in Figure 6.

-

S
CENTRIFUGAL FORCE

CENTER OF .
GRAVITY

-
X
2
uJ
-

RESULTANT FORCE.

L e e o T

I SUPERELEVATION

figure 6. Superelevated Car In Equilibrium

When the direction of the resultant force coincides
with the centexline of the eguipment and track the curve
i8 described as being balanced and equilibrium speed has
baen reached, In this condition the vertical forces oh
each rall are equal and minimal frictional forces are
peourring between tha wheels and the rail. This permits
maximum utili.ation of tractive effort and minimum wear
on wheels and rail. However, trains may opérate at all
speeds from the maximum allowable to a complete stop on
a curve. Also, the consist may have many different types
of cars with varying centers of gravity. fTherefors, the
design of supsrelsvation of a curve and the speeds allowed
must be carefully ¢hosen. Insufficient suparalevation nay
allow a car to climb the rail or overturn, However,
railway equipment will genarally "climb" over the rail due
to lateral flange pressure and friction befores tha car
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will overturn, On the other hand, excesnive Buperalevation
may ‘cause the wheels on the high rail to unload due to re-
duced vertical force and cause wheel lifg,

Trains can operate around curves at speeds in sxcoss of
eguilibrium with safety until reaching this point that wheel
climb impends. The height of center of gravity bepomes a
major considersticn when there ig unbalance beiwsern epeed,
curvature and guparelaevation,

This is Lllustrated in Figure 7 which shows the approxi-
mate position of the dynamic resultant force of freight cars
on curved track vhen traveling at speeds above 20 mph, As
the ocenter of gravity increases, less underbalance c¢an be
permitted, '

it is recommended that the maximun s 9gg_§ermitted on
a_curve should not result Th inbalanced superelevation ba-
yond the Limits where whael Glimb IMPerds. :

When a train travele at less than the equilibrium speed
around a superelevated curve there is an unbalance with the
resultant force directed toward the inside or low rail., As
more of tha welght ils carried by the low rail, there is an
unloading of the outer or high rail. The extrame sondition
is for the low rail to carry the entire vertical force and
the high rail to be completely unloaded., This is an unstable
operating condition which can result in wheels 1ifting off
the rail, ¥Figure 8 illustrates the approximate position of
the dynamic resultant force with ovaerbalance to the low raill
for a spead of 13 mph,

Figure 8 is based on lateral roll amplitudes running
over track with normal irregularities. FEguipment with 88
inch high centaer of gravity will not unload the high sall
of well maintained track until the overbalance is slightly
in excass of § inchos. However, the “"string line" effeot
of ntarting or pulling a dray train combined with over-
balance effect may cause unloading of the high rail with
less than 6 inches superalevation in the track.

Wheh determining the superelavation of & curve, veiry
slow opuration and stopped condition must not ba ignored,
WHERE PRACTICAL SUPKRELEVATION SHALL BE BROVIDED POR EQUIw
LIBRIUM SPEED, OTHERWIEE, IT 18 RECOHMENDED DHAT THE MAXI«
MUM SPEED OF THE 98" HIGH CENTER OF GRAVITY CARS (MAXIMUM
HEIGRY CENTER OF QRAVITY ALLOWED IN FRREE [INTER(HANGE) BE
RESTRICTED TO PROVIDE NO MORE THAN 2% :INBALANCK ELEVADION,
A CURVE MUST NOT BE ELEVATED 50 MUCH THAT UNLOADING OF THE
HIGH RAIL MIGHET OCCUR AT VERY LOW SPEEDS OR WHEN STARTING.

s 2t e ey e
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UNDER NO CIRCUNETANCES SHALL SUPERELEVATION EXCEED g, BYT
IN MANY INSTANCES THE MAXIMUM ALLOWED MUSY BE LESS THAN 8"
?ugrro CURVATURE, ALLOWABLE CENTER OF GRAVITY OR OTHER
ACTORS.

t20" r—‘-\—uu—wm
\

Ho" cays in excess of

98" Centar of Gravicy
must have special
clesrance over eisch
individual road

L4
-
Ik

Maximum Height of
“Center of Gravity
Allowed in Free
Interchangs 198"}

i
g
lﬂ
3
5
:
l;-l
2
™
>

21T
HIGH RAIL

1

NTERLINE OF

o st "Y' | z“ l' i P‘J

INOERBALANCE S

M 4
. Yo go" 10" o"
CALCULATED POSITION OF RESULTANT FORCE

FOR SPEEDS OVER 20 M. P.H,
IN INCHES FROM CENTERLINE OF TRACK .

Figure 7. Effect of Unbalanved Superelevations
{Uhderbalanced) on vaehicle stability
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LIKELY WHEEL CLIMB
|~24"OR GREATER

o
F 3

Gars in excess of

98" Center of Gravity
X must have special
¢learance over &ach
individual road

. 0
e 0
s =

\Maximum Helght of
Center of Gravity

Alloved in Free

Interchanga (98")

- 4
o
z

’
&
8
S
ol
:
&
[

3
8
5

|

"-zﬂ ‘H é-
OVERBALANCE

" B

I

i

i
“ ——

-
=~
=

BEISHT OF CENTE

o* 10"  Jo 30"
CALCULATED POSITION OF RESULTANT FORCE

FOR THE SPEED OF IEM.P.H .,
IN INCHES FROM CENTERLINE OF TRACK.
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Figure 8. Effact of Unbalanced Superalevations
(Overbalanced) on Vehicole Stabllity
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APPENDIX C

Excerpts from Code of Fadaral Regulations

§ 230.220  Laversl meutien.

The total uncontrolind iaters! mation
petween the hubs of the wheels and
boxes, betwinn bunes and pedettals of
boih, oh wny pelr of whetls shall boi
evosed thi following Hasts: Trusk
wheels, | lnoh, driving whwels, moe
than one palr of whaels, & inch. Them
it may ve inoressed if upon
Hon 0 (he Direstor, Buresu of |
Balety, bls tnnﬂxlom shows L at eon-
ditiont require additional ateral motion.
The lalers) motion ahall in all crses bt
kept within sueh liendts that the driving
wheely, rds, erank pins, Or armitires
will ol taterfers with other parts of the
lodomotive.

Interpreiation: The ‘'twlal uuncontrolied
lsiernl trotion'” referred o {0 this rule menis
Lhe istera] motion provided {or Lo the design
of the paris, plus any sdditional aters)
motion due (O wear.

Subpart Ce-Track Goomebry

§$ 21881 Kcope.

This subpari preseribes requirements
for the gage, alinement, and surince uf
track, wnd the elevation of outer ralls
and spmd limitations for curved trach.

§213.85 Gage.

(a7 Oage b measured batween tha
neads of the ralls at right sngles to the
ralls in & piane five-eighths of an inch
below U top of the rall hvod.

(b} Cage must be within the Hmits
prencribed \n the following table:

¢ ol The el
Chas ol b Tl e

Al But not At But pot
eart=~ poore ihkti~ lsaste more than--

k1 A 1
samebbauts i 1:“"“ t:',”

XY ERL L]

y 518,87 slevation sad
i, fors desn md

{n) Xxcopt as provided In §313163,
the outside rall of a curve may not bs
jowrr than the irwide rall or have mcre
t2ial) 6 inches of slevation.

) The maximum allowabla operats
nit apeed for each ourve la determined
by thie fodlowing formuuln:

3y
7 V.ﬁ‘l L] J-i:mi-
wvher

Vuu = Maximun aliowable opereiing speed
{raiies par hout),
Brmdctual elovation of the outslde i)
(inchies).
£ = Degres of curmtule (Jegroes).

Appendix A ir & table of maximura ale
lowably operating sieed computed in
acuvordance with this formuly 10 varls
ous sjevatioras snd degrees of ourvatur,

$210.3% RHlevnrlon of cwrvod  track)
;FIIN‘;

(W) 3 e surve fa elavated, s full sle.
vatiot: tyuwrt be provided throughout the
ourve, yuniess physical conditions do not
permii. If eleviation runofl occurs b &
curve, the actual minimum elevation
must te Used In computing the maxi-
mum aldowable operating speed for that
ourve Wxder | 733,87,

(h) Riewatios runoff must be at &
uniform rate, svithin the Umits of track
airtace (visilon presoribed in § 213.0,
and jt st entend at lesst the fud
length of the eplrals. T physicsl condl.
tions do not permit & spital Iohy enough
to sctomunodate the minirum length of
minioft, parh of the runoft mar be on
tangent truek,

APrEox A-~MaXnun ALLOWARLE OPsairing Zrivos ron SUNTED TaAtH
Elevation of tsustat rll (loche)

M 1SR} | 1 iM

i) 4 M i 4

Masitaisn allo:sabis oparating rpeed (mph)

i gk il s i

[y p—

Pres i nsaebaadi A dauddrubragiranpadubia il gt kU seitdinn

R L LS I IR F R AR RIS I Y

g B T 1T ool
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(94 '8 0803, Oet. 58, 1071, M dusensded 8 38 PR ON. S, §, 10°0)




APPENDIX D

Track Geometry Measurements

(IN_DIRECTION OF TRAYN Mo, 407's TRAVEL, TOWARD SITE Or DERATLMENT)

STATION GAGE ELEVATION DEGREE OF CURVE
SFEET) (INCHES) (INCHES) (BY MID-ORDINATE)

310 56k 1/8 0
300 56 3/8 ~1/16 0
290 36 5/16 1/16 -1/8
280 36 3/16 ko -1/8
270 56% 5/16 -1/8
240 56 3/8 b ~1/8
250 56k 316 0
240 56 3/16 b -1/8
210 56 3/8 o 1/8
220 56 3/8 1/8 1/8
210 56% 3/8 0
200 56 3/16 /8
150 56 3/16 3/16
180 56 1/16 /16
170 56 1/8 3/8
160 56 3/8 13/16
150 56% 11/16
340 56 3/16 15/16
(Approximate 130 56 3/16 1
8tart of Spiral)i20 56 3/8 1
110 56 11/16 1k
100 56 1/8 13/8
80 56 3/8 i5/8
80 56 1/8 1
70 56 17/8
60 56 &,
e 50 55 1/8 217/16
40 55 3/4
Disturbed 30 55 3/4
Track srea ] 20 55 11/16
20 55 11/16
0 55 18/16
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