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NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C. 20594

RAILROAD ACCIDENT REPORT
Adopted: August 9, 1983

ILLINOIS CENTRAL GULF RAILROAD COMPANY
FREIGHT TRAIN DERAILMENT
FORT KNOX, KENTUCKY
MARCH 22, 1983

SYNOPFSIS

About 4:42 a.m. on March 22, 1983, 13 cars (3 tank cars and 10 boxcars) of Illinois
Central Gulf Railroad Company train SML-4-21, 1st No. 64, engine 702, derailed in & 2°
left curve at Fort Knox, Kentucky, while moving about 28 mph over an excessively worn,
badly shelled rail which tipped and broke. During the derailment, two tank cars
containing chloroprene overturned, and chloroprene began leaking from a dome valve of
one of the cars. At 9:00 a.m., three E. 1. DuPont hazardous material experts from
Louisville, Kentucky, arrived at the derailment site. About 9:45 a.m., the leak was
stopped. Utvacuation of the area was not necessary. There were no injuries as a result of
the accident. Damage was estimated at $199,831.

The National Transportation Safety Board determines that the probable cause of this
aceident was the tipping and breaking of an excessively worn, badly shelled curve rail at a
point weakened by a detail fracture when it was subjected to normal outward lateral
forees. Contributing to the tipping and bresking of the rail were the poorly maintained
irregular cross level track and the absence of superelevation of the track on the 2° curve,
Also contributing to the aceident was the failure of the Ilincis Central Gulf Railroad
management to monitor adequately its track maintenance program and to effectively
enforce inspection and maintenance procedures.

INVESTIGATION

The Acecident

On March 21, 1983, Illinois Central Gulf Railrond Company (ICG) train SML 4-21,
1st No, 64, engine 702, departed Memphis, Tenne isee, en route to Louisville, Kentucky.
The train consisted of four locomotive units and 47 loaded and 41 empty cars comprising
6,446 tons. At 10:45 p.m., e.s.t., 1/ the train stopped at Central City, Kentucky, a crew
change point, and a five-man operating crew assumed operational control of the train.

About 11:10 p.m., as train lst Nc. 64 departed Central City (milepost 125.5
measured frem Louisville), the engineer made a running brake test; he did not note any
operational problems. Between mileposts 119 and 118 and again between mileposts 109
and 105, the engineer checked the locomotive speed indicator by a time and distance
measurement and found it to be aceurate at 30 mph.

1/ Ali times herein are eastern standard time.
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At Cecilia, Kentucky, milepost 47, train 1st No. 64 stopped. Seventeen empty cars
and one loaded car (572 tons) were set off and 2 loaded cars and 6 empty cars (402 tons)
were picked up. The engineer made & set and release brake test and again noted no
operational problems with the train's brakes. Then the train left Cecilia, with 48 loaded
and 30 empty cars, for a train tonnage of 6,276 tons.,

North of Cecilia, at milepost 33, train 1st No, 64 approached a slight downgrade. At
the beginning of the downgrade, the engineer applied the brakes by making a service
brakepipe reduction of about 7.5 psi of air while the throttle was in the No. 4 run position.
He said that the train was & good handling trsin and that less than the maximum
authorized speed of 30 mph was maintained with no difficulty. As train 15t No. 64 passed
milepost 32, the speed indicator was registering about 25 mph. The engineer released the
train brakes and reduced the throttle gradually until it was about (as he remembered) the
No. 2 run position. As the train came into the Fort Knox area, the speed indicator was
registering about 28 mph., The engineer said that after the locomotive and head cars had
passed through a 2° left curve, he was about to make a minimurn brakepipe reduction to
maintain the speed of the train to less than 30 mph when he feit a surge in the train and
the train's brakes applied in emergency. The locomotive stopped with no difficulty about
1,300 feet north of the point of the brake application.

Thirteen cars, including 3 tank cars followed by 10 boxears, derailed beginning with
the 33d car from the locomotive through the 45th car. (8ee figure 1). The first and
second derailed tanks cars (the 33d and 34th cars), which contained liquid chloroprene,
overturned. The two cars uncoupled from the tront part of the train because the coupler
on the 32nd car broke, but they remained coupled together and nearly parallel to the
track. Debris entered the mechanism of the vacuum relief valve on the first derailed car,
precluding the valve from reseating properly and allowing liquid chloroprene to discharge
into the atmosphere at a rate of about 5 gallons per minute. The liquid chloroprene

gasified at atmopsheric pressure, but it did not ignite and evacuation of the area was not
required,

The third derailed car (the 35th car), which was an empty tank car, also overturned
but remained coupled to the 33d and 34th cars, but it separated from the 36th car. It
stopped nearly parallel to the track. During an earlier trip, the tank car had been loaded
with hydrochloric acid. Hydrochlorie acid is a corrosive material which burns only with
difficulty, and it is not explosively violent. It will emit irritating fumes, but since the
tank car showed no puncture damage to the tank shell, and any residual amount would
have been small, it posed no threat to nearby residents, ecrewmembers, or the
environment. The 36th car overturned and came to rest nearly perpendicular to the track.
The 37th through the 44th cars also jackknifed and stopped perpendicular to the track,
leaning at various angles. (See figure 2.) Only the iorth end of the 45th car derailed and
it remained upright and coupled to the 46th car. The boxcars contained inert lading, such
as lamber, woed preducts, and vinyl siding.

About 9:00 a.m., three hazardous materials experts, who had been dispatched from
Louisville by E. L. DuPont, arrived al the derailment site. By about 9:45 a.w., the
hazardous material experts had stopped the leak from the contaminated vacuum relief
valve on DUPX 20879,

Injuries to Persons

No one was injured.
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Damage

Three tank cars, DUPX 20879, DUPX 20894, and GATX 50172, were damaged
moderately. The degree of damage to the 10 boxcars ranged from moderate to severe.
Abcut 225 feet of track were destroyed and about 2 pole spans of signal wires were
knocked down.

Equipment $191,831
Track 7,500
Signal ____a0o
Total $199, 831

Traincrew Information

The crewmembers of train 1st No. 64 had been called for duty at Central City at
10:45 p.m. on March 21, 1983, Each of the five crewmembers had had the required
8§ hours of rest between tours of duty as preseribed by the Federal Hours of Service Law
and was qualified for the position he held in accordance with {CG company rules. (See
appendix B.)

Train Information

Train 1st No. 64 consisted of four locomotive units, Nos. 702, 8289, 8720, and 3095,
Unit No. 702 was a former Gulf, Mobile and Ohio (GM&O) Railroad Company Model
GP-38. Units Nos. 8289 and 8720 were: rebuilt by YCG and identified as models GP-10 and
GP-11, respectively, and unit No. 3305 was an ICG Model GP-40. Each unit was
menufactured by the Electro-Motive Division (EMD) of General Motors Corpcration and
was equipped with a 26-L brake system and a multifrequency radio. The locomotive was
not equipped with an alerting or dead man control device, or a speed or event recorder.

The loaded and empty cars were relatively evenly distributed throughout the train.
Tank cars DUPX 2087¢ and DUPX 20894 were Department of Transportation (DOT) model
115A 60W6 insulated tank cars with a 21,200-gallon capacity; tankcar GATX 50172 was a
DOT moca 21 111A 100WS tank car with a 20,573 gallon capacity. Each of the tiree tank
cars was equipped with model CF 70 shelf ecouplers, but none of the cars was equipped
with head shields. The inner tani of the tank-within-a-tank construction of the model
116-A tank cars was fabricated of fusion-welded alloy (stainless) steel and was not
equipped with a dome. The space batween the two tanks was insulated. Each of the 115A
tanks cars was equipped with either ¢ safety va've set to release at 35 psi or a safety ven?,
set {o release at 45 psi and a vacuum relief valyv e,

dcheduled train No. 64 wag nicknamed the "ehemical dispateh" because of the
volume of chemicals (hazardous materizals) moved by the train. During February 1¢83, 625
cars loaded with hazardous materials moved hetween Louisville and Paducah, Kentucky,
over the Louisville District.

Method of Operation

Between Central City and Louisville, a distance of 123.7 miles, the ICG Railroad is
designated as the Louisville distriet of the Midwest Division. Trains operate over the
Louisville distriet by timetsble, train orders, and the aspects of an automatic plock signal
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system. Truain 1st No. 64 was a second class 2/ northward train scheduled to depart

Central City at 10:01 p.m. {on March 21, 1983) and to arrive in Louisville at 2:30 a.m. (on
March 22, 1983).

The maximum authorized speed over the district for ist No, 64 was 40 mph.
Timetable special instructions rule 101(a) imposed a maximum speed of 30 mph between
mileposts 25 and 41. No train, general, or bulletin orders specifically restricting the
speed of the train through the vicinity of Ft. Knox were issued for 1st No. 64 on March 23,
1983.

Meteorologrical Information

At 4:34 a.m. on March 22, 1983, the weather at Fort Knox was: visibility—10 miles;
temperature—-35° ¥; light snow showers: and a slight breeze about 6 knots from the
southwest. The relutive humidity was about 66 percent.

Track

The single main track through Ft. Knox extends north and south. Beginning at
milepost 32, the track is tangent northward for 377 feet, then curved for 763 feet through
a 4° right curve, then tangent for 1,205 feet, after which it extends 1,375 feet to the point

of a 2° left curve, which is not superelevated. The train derailed about 50 feet north of
the beginning of the 2° curve.

The railroad grade northward beginning at milepost 33 descends at 1.7% percent for
1,005 feet, ang then it is 0.0 percent for 750 feet. The grade then ascends at 1,25 percent
for 1,255 feet, then descends at 0.21 percent for 5,270 feet and it is then level for 435
feet to the point of the derailment.

'The 112-pound RE jointed rail is set on double shouldered 7"x13" tie plates which
are laid on hard wood crossties. The track structure is built on 24 inches of crushed stone
ballast. The American Railway Engineering Association (AREA) of the Association of
American Railroads identifies the rail as: 11228 - RE OH ILLINOIS USA CC 630 616 F 18
1944 12 39 foot 6-hole joint. 3/

The rail was placed in service during 1944. The outside (curve) railthead was worn
sbout 7/8 inch on the gage side and it was badly shelled. The railhead of a new 112-pound
RE-rail measures 2 23/32 inches. Some typical wheel-rail contact configurations are
shown in {igure 3.

2/ The precedence or priority classification of a train assigned by timctable.
3/ 112,28 - Weight 112 pounds per yard

RE - Design Type (American Railway Engineering Association)

OH - Open Hearth

ILLINGIS USA - 8tecl Company

CC-Controlled cooling

630 - Furnace Number 63

616 - Heat Number (the number of consecutive heats for furnace, #63 for that year)
F - 6th cut of the ingot, thus the Gth rail

18 - Inggot Number

1944 - year rail was rolled

12 - Month rail was rolled

39 - 39 Foot Length

6 Hole Joint ~ 3 Holes per rail end

QO00GY




Criginal Contour —

-
Ld
’” ~
Contour-Earty Stage’??
iy

New Rail (112) ' urve Wom Rait {112}

Exhibit i

— o\

\ 7 j! Cuive Worn Rail {112)

Cuive Wom Ral {112)

AN

Exhivet it

Figure 3.--Typical wheel-rail contact configurations.




-8~

A breken outside rail was found at the beginning of the exit spiral of the 2° left
curve. (See figure 4.) The rail broke into six pieces, all of which were recovered, except
for one short section. (See figures 5 and 6.) The first break occurred 29 feet from the

south end of the rail. A detail fracture 4/ was evident at the first break and at least onc
other detail fracture was evident at another break,

Flange marks which were evident in the web of the rail just before the first break
did not extend heyond that break. (See figure 7). A small batter mark was visible on the
gage side of the rail across the first bresk. The broken rail was seut to the ICG
fingineering Offices in Chigago, lllinois, for forwarding to the Association of American
Railroads (AAR) laboratory in Chicago, for metallurgica) analysis. However, after ICG
engineering personnel examined the rail and determined that the defect ‘was an obvious
detail fracture, the rail was not forwarded to the AAR for further analysis.

According to ICG, the track is maintained to meet Yederal Railroad Administration
(FRA) Track Standards (49 CFR Part 213) for Class 3 track. (See appendix C.) Track
inspections were conducted twice weekly from a hy-rail vehicle, The last gaging and
eross level adjustments were performed on the track during February 1983. A Sperry Rail
test car last tested the broken rail found at the derailment site on November 30, 1982,
and no defects were reported.

Safety Board investigators reviewed track inspection records for the accident area
for the period February 25, 183 through March 21, 1983, The records noted missing bolts
from track joints, defective heel blocks, and defective track frogs. One broken rail, for

which no cause was shown, and two broken track joint bars had been replaced during that
period.

Tests and Research

On March 30, 1983, the 1CG ran a computer simulation of the movement of 1ist
No. 64 at Memphis, Tennessee. The parameters simulating train 1st No. 64 for the test
weres

Area — Milepost 35 to milepost 31.32, the point of derailinent.

Train Consist -~ 48 loaded and 30 empty cars, /8,295 net tons, 6,798 gross
tons, 3,694 lading tons, and 4,566 feet in length,

Train Power -~ 8,500 horsepower, 1.25 hp/ton, 82 tons per brake, 0,17 net
bralce.

The simulated train was operated in the same manner deseribed by the engineer
operating train 1st No. 64 on March 22, 1983. The results coincided with the the speeds
and events described by the engineer on the day of the acecident. Mo excessive buff or
draft forces were exhibited until the trair began to derail.

4/ U"A progressive fracture starting from a longitudinal separation close to the running
surface of the railhcad and then turning downward to form a transverse separation
substantially at right angles to the running surface.” Rail Defect Manual compiled by
Sperry Rail Service, page 38,
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On March 24, 1983, gage measurcments and unloaded 5/ cross level checks were
made at 20-foot intervals south of or in the approach to the first broken section of track
at milepost 1.31.32. The following values were obtained:

Cross Level Gage
Station (inch) (inch) Station Cross Level  Gage

3/16 56 3/8 11 i/2 - 56 5/8
1/8 56 3/8 12 5/8 56 5/8
1/4 56 3/4 13 5/8 56 5/8
178 - 96 1/2 14 1/4 56 5/8

5/16 56 1/2 15 1/2 58 3/4

5/16 - 56 1/2 16 1/2 56 3/8

3/16 - 56 1/2 17 3/8 56 5/16

9/16 - 56 1/2 18 5/8 56 3/8

1/8 ~ 56 1/2 19 1/4 56 7/16

3/16 - 56 5/8 20 3/8 56 3/4

O o =~ TN e WO DD

et

+ indicates the east rail (outside curve rail} was high.
- indicates the east rail was low.

Further measurements of track parameters south of the derailment site disclosed two

track joints that were too low to meet the maximum 0.75-inch allowable cross level
deviation allowed by tite FRA track standards for Class 3 track. After the accident, a

Safety Board investigator found a broken joint bar at milepost 31 in the east rail on
tangent truek; the bar was replaced the same day.
ANALYSIS

Rail Breakage

The postaccident investigation revealed that the outside curve rail was excessively
worn and was shelling. (See figure 8.) Experience indicates that shelling leads to detail
fractures in the railhead and weakens the rail. Detail fractures are the result of the
excessive contact stresses of heavy wheel loads repeated over a long period of time and,
as such, are fatigue-related defects. The growth of a detail fracture from shelling occurs
rapidly in contrast to other transverse fissures. The continued use of the worn rail led to
shelling and the subsequent development of detail fractures.

The flange marks on the web of the rail stopped abruptly at the first break in the
rail. The batter marks on the piece of rail further indicates that the rail broke initially at
that point and allowed the wheels of DUPX 20879 to move to the outside of the rail. (See

igure 6.) Apparently, when the wheel struck the railhead at tha initial break, the impact

forea caused the rail to break at other points. Also when the rail broke, the unbroken rail
reseated itself into position and provided usable rail for following cars. Wheel batter
marks on portions of the railhead and web portions of other pieces of the broken rail
indicate that the cars immediately following DUPX 20878 initially passed over the
segmented rail and remained on the track until the emergency brake applicavon. The
broken rail then was displaced, and the following cars derailed,

3/ The weight of a locomotive or freight car will depress either the rail and/or crosstie {o
& firm bottom. When the weight is removed, the track will return to its unloaded positicn
which is usuelly higher than its loaded position.
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Investigators determined that the initial break in the outside curve rail was caused
by lateral force on the excessively worn, shelly pail.  The bresk occurred at a detail
fracture which resulted from shelling. ‘The progressive fracture started from a
longitudinal separation close to the running surface of the railhead and then turned
downward to form a transverse separation subs>antially at right angles to the running
surface. (See figure 8.) According to the Sperry Rail Service's Rail Defect Manual, this
condition is most frequently found on the gage : orner of the railhead and is caused by
metal flow at the gage corner of the head which bi'eaks away and leaves a shallow cavity.

Through its twice weckly inspection program, upper level ICG supervisors should
have been aware of the potential for rail lailure which cxisted at the accident site, and
the manager responsible for maintenance then should have adjusted the maintenance
program tc compensate for the condition of the track. Train specd around the curve
should have been reduced until the worn and shelly rail was replaced and the eross level
corre .d.

It is particularly important to maintain good eross level and good rail on the outside
curve when there is no superelevation to compensate for the lateral foreces exerted by a
train. When a train moves around a curve with or without superelevation, irregular cross
level with low spots in the outside rail more rapidly tends to increase the lateral force
applied to the outside rail of the curve.

Although the ICUG's practice of maintaining 2° eurves in main track without
superelevation is not prohibited by American Railway Engineering Association (AREA)
recommended practices, it is not a genera! industry practice. Former ICG curve
superelevation requirements, which were re:gslaced by those shown in appendix G,
recommended 7/8-inch superelevation for a 2° curve over which 1rains were allowed to
operate at 30 miles per hour.

When superelevation is not incorporated in a curve, the equilibrium speed, is at or
near zero miles per hour. Therefore, when trains are operated through a curve with no
superelevation, even at minimal speeds, rail condition and track geometry must be
maintained at optimal values. The Safety Board believes that, in light of the stringent
irackage maintenance requirements mandated by zero superelevation, the ICG should
seriously consider the practice of elevating the outside rails of curves to compensate for
less than optimal traek conditions.

In the absence of superelevation in the 2° curve and because of extreme wear of the
railhead at the derailment site, the resultant force of the rail ears would have been
manifested in & manner that would have inereased the outward foree on the outside curve
rail. (See figure 9.) Because of the 7/8~inch railhead wear, a vector diagram constructed
at the railthead would show the veetor resultant has moved outward on the railhead.
Unless the wheetl climbed over the rail {and there are no marks on the railhead to indicate
it had) the shift of the resultant verticel and centrifugal forces from A to B on the rail
would cause the rail to move laterally and/or to tip.

Superelevation permits the weight of the car to be used as a gravitational foree to
offset partially the centrifugal forces generated by the weight and the speed of a car
around a curve. Ideally the resultant of the vertical and centrifugal forces will ba a foree
at the centerline of the equipment and perpendicular to a plane formed by the tops of the
two running rails. Such a resultant force is produced at the equilibrium speed for the
curve and it represents an ideal condition. (See appendix D.)
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When the equilibrium econdition is not achieved, the combination and effect of other
forees must be considered. The ratio of the lateral forces to the vertical forees imposed
on the rails by rail equipment produces a measurable quantity identified as the L/, ratio.
As the L/, ratio approaches unity, the probability increases for a wheel to elimb 'up and
eross over the railhead and for the rail to tip and/or move laterally, The rail will tip or
move laterally at & lower L/, ratio than is required for wheel elimb. (See appendix E,)

Based on the computer st run for train 1st No. 64 which indicated that there were
no high buff forces present in the train just before the derailment, the centrifugal force
exerted by the cars on the outside curve rail was solely the resultant force of the vertical
and lateral forces of tine cars. The postaceident cross level cheeks made in the approach
to the first scetion of destroyed track indicated a variation in cross levels. Also, low
joirts were found in the track approaching the derailment site. Either or both conditions
tend to vary the L/, ratic. A low joint in the outside curve rail would cause the L/,, ratio
to increase, i.e., moY:e closer to unity and, thus, place added outward stress on the outside
curve rail. Consequently, it becormes important that the track through a curve with no
superelevation be maintained with no Inw joints or variations in cross level.

Accident History

On July 25, 1980, train No. 64, the "chemical dispateh,"” consisting of 4 locomotive
units and 17 cars, including 7 placarded tank cars containing hazardous materials, derailed
in & 6° curve at Muldraugh, Kentucky. 6/ The train derailed about milepost 26.6, located
about 5 miles north of Fort Knox. (Sce figure 10.) Two tank cars transporting vinyl
chloride were punctured, and the contents were ignited and burned. Four crewmembers
received minor injuries in the derailment, and about 6,500 persons were evacuated from
the surrounding area. The BSafety Board determined that the probable cause of the
accident was "the tipping of the outside rail and widening of track gage in the 6° curve
because of the combined effects of defective crossties, excessively worn rail, irregular
alignment and gage, and the lateral forces produced by the train's speed. Inadequate
maintenance and inspection practices of the IMlinois Ceniral Gulf Railroad allowed these
conditions to remain uncorrected. Contributing to the accident was the inadequate
Federal Track Safety Standards which f{siled to provide for a track structure
commensurate with the permitted train speeds.”

Following the investigation of the Muldraugh accident the Safety Board
recommended that the llinois Central Gulf Railrosd Company:

Establish and implement procedures (o maeaintain mainline tracks and
sidings to a level of safety not less than that which is prescribed by

Federal rcgulations governing carrier-designated track classes.
{(R-81-32)

On November 135, 1982, the ICG responded that wn greater emphasis was being placed
on track inspection programs and correction of defects by maintenance forces. The
Safety Board accepted this action as responsive to the recommendation and classified it
as "Closed—Acceptable Action." However, in the track near the site of the March 22,
1983, dereilment, Safety Board investigators found low jcints, loose track bolts, and a
broken joint bar. Based on this evidence, the Safety Board believes the ICG management

6/ Raliroed Accident Report—"Illinois Central Gulf Railroad Company Freight Train

Derailment Hazardous Material Release and Evaluation, Muldraugh, Kentucky July 26,
1980" (NTSB~-RAR-81-1).
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has shown a lack of compliance with ivs own track inspection and maintenance programs.
The fact that the railroad's actions ar: contradictory to its stated intent as set forth in
the November 15, 1982, response is of great concera to the Safety Board. Therefore, the
Safety Board is of the opinion that the thorough review of the qualifications of the ICG
track inspectors, their irngths of assigned territories, and the methods used in inspecting
the track is needed fo bhe certain that ar adequate inspection and maintenance program is
ongoing which will improve the safety of train onerations.

The ICG's track inspection procedures conforms to Section 213.233, Traeck
Inspections, .nd section 213,235, Switeh and Track Crossing Inspections, of the Federal
Track Safety Standards, The Safety Benrd is aware that most or all of the major railroads
conduet track inspections using either a by-rail vehicle or & motor car traveling about
13 mph to detect tracik abnormalities. Although this procedure is allowed under the FRA's
track safety standards, only easily visible or glaring defeets, such as missing track bolts or
a highly visible broken rail, can be detected frora a moving vehicle. [t' may be
coineidental, but ICG train derailments in the FFort Knox area oceurred on track located
between switches and track frogs which meay incdicate that because track inspectors are
required to slow or stop the inspection vehicle for a standing inspection of these
eomponents the procedure produces better results. Therefore, the Safety Board believes
that the ICG, and for that matter all railroads, can enhance their track inspection
procedures by requiring track inspectors to systematically walk sections of the track,
ineluding areas through curves so as to observe track conditions more critieally.

As a result of the Muldraugh accident, the Safety Board also recommended that the
ICG:

Eslablish and itmplement track maintenance standards which designate
the limit of acceptable rail wear and which require rail removal when
worn beyond the acceptable limits, (R-81-33)

On November 135, 1982, the ICC responded that it had issued Special Instruction
T-10-82 entitled "Curve Worn Rail." (S8ee appendix F.) Special instruction T-10-82
paragraph 3, Instruction, states the following:

At such time &s any track rail in main track service has worn to the
axtent that 1/4" of the design section metal has been removed at the
guge line, the Tracik Supervisor shall notify the Division Engineering
Manager in writing noting the following:

1. Location, by Mile Post to the tenth of a mile.
2. Wear at Gage Line.
3. Weight of Rail

L Year Layed

The Safety Board acknowledged the isswance of Special Instruction T-10-82 and,
based upon its content, believed that the ICG fulfilled the intent of recommendation
R-81-33, even though the instruetion did not specify that the worn rail be removed from
service, Therefore, recominendation R-81-33 was classified as "Closed--Acaeptable
action.” During the investigation of the Fort Knox accident, however, ICG supervisory
personnel who were asked about the instruction whicen specified the maximum allowable
rail wear stated that they were not aware of the spec.al instrucetion. Based on statements
of supervisory personnel the Safety Board balieves that the special instructions have not
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been widely circulated and that the importance of the instruetions has not been brought to
the attention of supervisory personnel and track inspectors that would ensure
enforcement.

The curve rail at Fort Knox was worn about 7/8 inch which is over three times more
than the 1/4-inch maximum wear allowed in Special Instruetion T-10-82. As previously
discussed in this report, wesr on the rail head changes the design characteristies of the
rail and its response to loading is different. Also, the current trend toward railroads'
transporting heavier loads and using heavier locomotives places greater stress on lighter
rails, The railhead wear exhibited on the curve rail at Fort Knox, indicated that the
margin of safety was decreased and that the rail's lond carrying capability was well below
the limits imposed by the design eriteria. Excessive wear also leads to shelling which is
conducive to detail fractures. The Safety Board is aware that following the Muldraugh
accident, the ICG implemented a program to replace excessively curve worn rails in the
sharper curves on the Louisville Distriet and that the curve rails with less curvature are
to be replaced after work has been completed on the more severe curves. However, the
Safety Board believes the ICG must expedite this program and urges it to replace curva
worn rails without deiay.

Also, as a result of the Muldraugh accident, the Sufety Board recommended also
that the FRA:

Promulgate regulations which designate the limit of aceeptable rail wear
and which require railroads to remove from active tracks rails that are
worn beyond the acceptable limits, (R-81-35)

On December 22, 1981, the FRA responded that since the gage measurement is
specifically addressed in the existing track safety standards, defective gage conditions as
defined should limit the reil usage relative to wesr. The Safety Board however,
interpreted the FRA's responses Lo mean that a rail in the outside of a curve could wear
as much as 1 1/4 inches if there is no wear on the other rail. Because the Safety Board
did not agree with the FRA's response, Safety Reeommendation R-81-35 was classified as
"Closed-~-Unacceptable Action.” Adjusting the rail position to compensate for excessive
wear on the gage side to maintain track gage within Federal requirements for the class of
track involved, or turning the rail, 7/ does not fully cover the intent of Safety
Recommendation 3-81-35. The 7/8-inch wear on the rail in the curve was probably not
considered detrimentsl by the ICG from an operating standpoint. However, the Satety
Board believes it was detrimental from a load bearing standpoint. Increcased wear, which
causes a narrowing of the raithead and running surface, decreases the struatural integrity
of the reil and leads to other defects, such as shelling, which then makes the rail
vulnerable to detail fractures. "The Safety Board urges the FRA to reconsider the
establishment of rail wear limit standards.

On February 6, 1983, 4 locomotive units and 27 c¢ars in the "chemical dispateh"
derailed in a 5° curve at Vine Grove, Kentucky, about 5 miles south of Fort Knox. No one
was injured in the derailinent. Five tank cars eontaining vinyl chloride and one tank car
containing caustic soda were among the derailed cars. A small amount of caustic sode
leaked from a dome area fitting of the car. Because of the involvement of the vinyl

“loride, about 50 persons were evacuated from nearby residences as a precautionary
n.:asure. The Safety Board is investigating the accident, and although the probable cause
of the derailment has not yet been confirmed, wide track gage is suspected. A broken rail
believed t~ have been broken during the accident was found at the poiit of derailment.

77 Positioning the rail in place 180 so the gage and field sides are t ‘rsed
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The track condition and volume of hazardous material on the route betwecn Fuiton
and Louisville, Kentueky, warrants immediate attention to protect the public {rom the
possibility of a catastrophic hazardous materials derailment. The ICG's actions in
response to the Safety Board's recommendations in the Muliraugh acciudent report were
not sufficient to prevent this derailment and the condition of the track raises concern
about the possibility of future derailments. The potential for disaster is too great to
continue moving hazardous materials over this route at speeds of up to 40 mph. The FRA
should immediately impose speed restrictions on trains carrying hazardous materials on
this route. It should make immediate onsite track inspections of the route and other
routes of the ICG system which carry hazardous material to determine the condition of
the tracks and impose such restrictions as may be indicated.

The Safety Board investigated an accident on the Southern Pacific Transportation
Company (SP) at Thermal, California, which occurred danuary 7, 1982.8/ The
inve stigation disclosed several Iractures near a rail joint. The railheads exhibited
battering at the fractures, and it was noted that the railhead displayed shelly spots.
Metallurgical analysis performed by the SP's testing facility determined that two of the
fractures were detail fractures which originated from shelling. Detail fractures differ
from other transverse defects because they are not the result of metallurg.cal factors,
such as inherent inclusions 8/ in the rail steel. Rather, as deseribed earlier in the
analysis, they are the result of the excessive contact stresses of heavy wheel loads over
an extended time frame and, as such, are fatigue-related defects. The growth of detail
fracture from shelling occurs rapidly in contrast to other transverse fissures. Such
phenomena should have been considered by the ICG management vihen it left the curve
worn rail in service in the face of indications it had reached its service life limit. The
continued in-service use of the worn rail subjected it to shelling and the subsequent
development of detail fractures. As a result of the Thermal accident, Safety
Recommendation R-83-14 was issued to the FRA on January 28, 1983, with the accident
report.

In a letter dated July 29, 1983, the FRA responded to this safety recommendation
and asserted that the Federal Track Safety Standards contained in 49 CFR 213 provided a
detailed schedule of frequency and manner of inspecting track. The FRA further stated
that 104 instructional classes had been conducted regarding track inspections as a pari of
FRA's regional inspection and enforcement activities. The Safety Board has historicaily
been at odds with the FRA as to the adequacy of the guidance provided by the traci
safety standards. As stated by the Board on pages 21 and 22 of its report on the Thermal,
California, accident,

The prescribed remedial action depended on the track inspector's
subjective determination of whether or not the condition required that
the rail be replaced.

Safety Recommendation R-83-14 was issued with the intent of removing that subjective
determinat'an of rail condition. The track safety standavrds, as amended in September
1982, did uot do this, and the FRA's response of July 29, 1983, is not considered
acceptable as a response to R-83-~14. Therefore, based on the circumstances of the Fort
Knox accident, the Safety Board reiterates to the FRA Safety Recommendation R-83-14:

8/ Railroad Accident Report--"Derailment of Southern Pacifle Transsortation Company
Train No. 01-BSNFF05 Carrying Radioactive Material at Thermal, California, January 7,
1982" (NTSB-RAR-83-1)

8/ A small quantity of gas or slag trapped in molten steel during the process of
manufacturing rail which remains in the rail after it cools.
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Develop, validate, and implement a model plan of recommended
inspection practices centaining clearly defined limits of allowable track
structure conditions for the use of industry employed railroad track

inspectors to facilitate uniform and lknowledgeable appraisals of
defective track structure conditions.

Train Operation

Train 1st No, 64 was being operated in accordance with 10G operating procedures
and in compliance with authorized fpeed requirements. However, despite the work the
ICG has done on the Louisville District, the track condition still appears to have been
marginal for a Class 3 classification. Given the volume of hazsrdous material that ig
moved over the line, the Safety Board believes that the FRA should impose speed
restrictions over the line until the track is made safe for the movement of hazardous
materials. The potential for disaster is too great to continue allowing the movement of
hazardous materials at speeds up to 40 mph over inadequately maintained track.

CONCLUSIONS
Findings

I, Train 1st No. 64 was being operated in accordance with ICG operating
procedures and in compliance with its issued speed requirements,

The computer simulation of train operation verified that the handling of the

train was as desecribed by the¢ engineer, and that the engineer's actions did not
result in any unusual forces being applied to the track.

The train derailed as a result of irregular and unsafe track conditions and an
excessively worn rail which broke at o detail fracture,

The rail tippe:d and was subjected to lateral stress forees before it broke at a
detail fracture.

The wheel batter marks indicated that the cars immediately following DUPX
20879 initially passed over the segmented rail and remained on the track until
the emergency brake application and the broken rail was displaced, allowing
the following cars to derail.

The wear on the curve rail exceeded the maximuin weat allowable by the ICG
Lngineering and Maintenance of Way Department,

Poorly maintained track contributed to two earlier derailments in the vicinity
of Fort Knox within & 2 1/2-year period,

There is ne Federal standard preseribing maximum allowable rail wear.

The present Federal Railroad Administration Track Safety Standards are not
adequate to limit the use of head worn rails.




Probable Cause

The National Transportation Safety Board determines that the probable cause of this
accident was the tipping and breaking of an excessively worn, badly shelled curve rail at a
roint weakened by & detail fracture when it was subjected to normal outward lateral
forces. Contributing to the tipping and breaking of the rail were the poorly maintained
irregular cross level track and the absence of superelevacion of the track on the 2° curve.
Also contributing to the accident was the failure of the Illinois Central Gulf Railroad
management to monitor adequately its track maintenance program and to effectively
enforce inspection and maintenance procedures.

RECOMMENDATIONS

As a result of its investigation of this accident, the National Transportation Safety
Bosrd recommended that:

--the Illinois Central Gulf Railroad Company:

Expedite the program for the replacement of rails in curves and all rails
that fall within the criteria established by the Chief Engineer
Maintenance of Way Department set out in Speciai Instruction T-10-82.
(Class II, Priority Action) (R-83-93)

Reestablish the practice of superelevating main track curves where it
has been discontinued, (Class II, Priority Action) (R-83-94)

Upgrade the maintenance level of the track in the Louisville Distriet to
meet fully the Federal Railrosd Administration's Track Safety Standards
for Class 3 track. (Ciass II, Priority Action) (R-83-95)

~~the Federal Railroad Administration:

Immediately issue an emergeney order to reduce the speed of all trains
carrying hazardous materials in the Louisville Distriet of the linois
Central Gulf Railroad Company until a safe speed can be determined by
the Federal Railroad Administration. (Class I, Urgent Action) (R~83-79)

Immediate.y conduct a one-time emergency on-site inspection of the
track in the Louisville District of the Illinois Central Gulf Railroad

Company to assign the approndriate classes of track for that Distriet.
(Class I, Urgent Action) (R-83-80)

Evaluate the adequacy of the Illinois Central Gulf track inspection
program and take remedial action as necessary. (Class I, Priority
Action) (R-83-81)
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Conduct on-site spot checks of other routes of the Illinois Central Gulf
Railroad Company which carry hazardous materials for defective track
conditions and where warranted conduct a comprehensive on-site
emergency track inspection and assign the appropriate class of track.

(Class 11, Priovity Action) (R-83-82)
BY THE NATIONAL TRANSPORTATION SAFETY BOARD

/s/  JIM BURNET"I:
Chairman

/s/  PATRICIA A. GOLDMAN
Vice Chairman

/s/ G.H,PATRICK BURSLEY
Member

s/ DONALD D. ENGEN
Member

FRANCIS A. McADAMS, Member, did not participate.
August 9, 1983
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APPENDIXES
APPENDIX A
INVESTIGATION

The National Transportation Safety Board was notified of this accident by the
National Response Center about 8:30 a.m. on March 22, 1983. A railroad safety
investigator was dispatched from the Washington Headquarters, and he arrived at the
scene about 6:00 p.m. The Federal Railroad Administration worked jointly with the
S8afety Board investigator during the investigation.
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APPENDIX B
CEEWMEMBER INFORMATION

Mr. Lindell Hughs Richey - Engineer

Mr. Richey, 57, was employed by the ICG as a locomotive fireman December 31,
1930. He was promoted to engineer during 1966, A review of Mr. Richey's employment
record indicated a "clear™ operating record. He passed his last medical examination in
September 1982 (required at 4-year intervals), and his last operating rules examination
during the summer of 1982,

Mr. Lyndell Eddie Reed, - Conductor

Mr. Reed, 44, was employed by the ICG as a switehman on October 31, 1957. He
was promoted to conductor on December 15, 1964, A review of Mr. Reec's employment
record indicated a "clear" operating record. He passed his last medical examination on
September 11, 1981. His personnel record does not indicate the date of his last operating
rules examination.
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APPENDIX C

EXCERPTS FROM THE FEDERAL
RA(LROAD ADMINISTRATION'S TRACK
SAFETY STANDARDS

SUBPART A - GENERAL

§ 213.1 Scope of pant.

This part prescribes initial minimum
safely requirements for sailroad track that
is part of the general railroad system of
transpurtation.  The requirements  pre.
scribed in this part apph to specific track
conditions existing in olation. Therefore,
& combination of track conditions, none of
which individually amounts to a deviation
from the requirernents in this part, may

vequire remedia) sction to provide for safe,

opetaticns over that track,

§ 212.3 Application,

{a) Except as provided in pasagraphs (b)
and (¢} of this section, this part applies to
all siandard gage track in the general mil-
road system of transportation.

{t} This part does not apply to track—

(1} Located inside an installation which
s not part of the general railroad system
of transportation; or

(2) Used exclusively for rapid transit,
commuter, or other short-hau! pessenger
service in a metropolitan or suburban ares.

{c} Until October 16, 1872, Subparts
A B D (except § 213.308), E, and ¥ of
this part de not apply to travk constructed
or under construction before October 15,
1971 Until October 18, 1673, Subpart C
and § 213.108 of Subpart D do not apply
to track constructed or under conrtruction
before October 18, 1671.

§ 2133 Respomtbility of track owners,

(n} Any owner of tinck to which this
part applies who knows or has natice that
the track does not ecomph with the re.
quirements of this part, shall-

{1) Bring the track into compliance, of

{2) Halt operations over tha! track.

(b} 1 an owner of track v which this
psrl applies ausigns responsibility fur the
tiack to another persgn (by lease or other.
wisel, any party to that assignment may
petition the Feders! Railrond Administe.
tor to recognize the person to whom that
responsibility is mssigned for purposes of
compliance with this psrt. Each petition
must be in writing nd include the follow.

g~
‘E‘l) The namne and! address of the track
owner,;
* (2) The name and address of the person
*‘to}whom responsibility s asigned (sasign.
oe},

(3) A statement of the exact relationship
between the track owner and the assignee,

(€) A precise identification of the track;

(%) A statement a to the competence
and ability of the asignee to carry out the
duges of the track owmer under this panrt,
an

{8) A statement signed by the assignes
scknowledging the amignment to him of
responsibility for pwposes of compliance
with this pant.

(¢} If the Adminbtrator s satisBed that
the m:gnee is competent and able to car-
v out the duties and responsibilities of the
track owner under this part, be muay grant
the petition subject to any conditions he

pecessary. U the Administrator
grants » petition weder this section, he
shall 2 notify the owner and the assignee.
After the Administrator gvants & petition,
he may hold the track ownes or the assign.
ot or both respoisible for compliance with

this part and subject to penalties under
§ 21318

§ 213.7 Dasignation of qualibed persons
W supervise cerlain renewals and In.
mpoct track.

{0) Exch tinck owner to which thia pant
applies shall designale qualified persos to
supervise restorations and renewals of
track under traffic conditions. Each per-
son designated must have-

(1) At least -

{) } year of supervisory experience in nail-
road teack mamntenance ; of

{1} A combination ol supervisory expensnce

in trach maintenance wnd trining from a

Lours in track maintenance ot from o college

bevel aducational program related to track

maintensanoy;

(2} Demonstrated to the owner that he--

(1) Knows and understands the require-
ments of this part,

(i1) Can detect deviations From those
requirements; and

(i) Can prescribe sppropriate remedia}
sction to correct or salely compensate for
those deviations, and .

(3) Writien authorization from the trach
owner to prescribe pemedisl actions to
correct o1 safely compensate for deviations
from the requirements it this part.

(b} Each track owner to which this part
&pplies shall designate qualified persons to
inspect track for delects. Fach person des.
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ignated must have—

{1) At lenst-

(1} 1 yesr of experience In raltroud track
inspection; or

(i) A combination of experience in track
inspection and training from s course In track
inspiction o1 from » college devel rducstional
progrsm relited to teack inspection,

(2) Demonstrated to the owner that he.-

(i) Knows und understands the requite.
nients of this parl;

(4} Can detect devistions from those ve.
quirementy, and

(ili} C-an prescribe appropriste remedial
action to correct or safely compensate for
those deviations; and

(3) Written authorization from the track
owner to prescribe remedial actions to cor
rect or safely compensate for deviations
from the requirements of this part, pead-
ing review ¢ qualifed person desiy.
nated under paragraph (s} of thia section.

{¢) With sespact to designationy under
paragraphs (a) and (b) of this section, ewch
trfsck owner must maintain written revords
O v

(1) Each designation in effect;

(2) The hasis for esch desigmation; and

(3) Track fuepections made by each
designsted quslified person es vequived by
§ 213.2¢41.

These records must be kept avallable for
{nspection. or copytng by the Federa! Rall-
roed Adminlatrator during regular buinens

|

oY, — —_
§ £13.9 Clumes of track: opereting speed
Uiy,

(a) Except as pruvided in paragraph
fhY & {c) of this mection
and $§ 21 3.57(b). 2:3.59(a), 2:13.108,
213.113 (a) and (b), and 213.137 (b)
snd  (c), the following maximum
sltowable operating speeds apply:

w.".ﬁda'm The marimum rcutmul bie ::-.

requirementy  sliowable oper-  grating speed
sevibed dn atiag roged for  for voseenger

&: for~ fraight irmne b~ tnilay

(LT Y] ;;‘* e lg m-p't'

lise § track ., [ nph

13 tech ., " .

o f ma B b me.
Class € wrack .. 110 mph 10 mad

{b) i » segunent of track does not meet
all of the mequirernents for ity mtended
class, It is reclassifed 10 the next lowest
class of track for which it does meet all of
tho requirements of this part. However if
it does not at least mect the requirements
for class 1 track, mo operations may be
cconducted over that segment excspt ad
provided in § 213.11.

{¢} Maximum opersting speed may
not sxceed 110 m.p.h. without prior
approval of th: Federa) Ratlroad Admin-
lstrator. Petitions for spproval must be
filed in ths manner and contsin the
information required by parsgraph
211,11 of this chapret. Euch petition
must provide sufficient information con.
corning the performance characteristics
of ‘he track, signuling, grade crossing
protection, trespasset conirol where
appropriste, snd equipment involved and
also concerning maintenance and inspes-
tion practices and procedures’ to e
followed, to establish that the proposed
spoed can be sustained in safety.

4
., .
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-« wPART F - INSPECTION
§ 213221 Scope.

This subpart prescribes requirements for
the frequencsy ond manner of inspecling
track to detert deviations from the stan-
dards prescribed in this part.

o

§ 213.230 Track Inspections.

(a) AN track must be inspected in we-
cordance with .the schedule prescribed in
paraygraph (c) of this section by a person
desigaated under § 2137,

(b} Each inspection nist be made on
foot or by riding over the track in 8 vehi.
cle at 2 speed that allows the person raah.
ing the inapection $o visually mspect the
track structure for compliance with this
part. However, mechanical or electricn!
inspection devices approved by the Fede:.
s} Railroed Administrator may be used Lo
supplement visual inspection. If & vehicle is
used for visua! inspection, the tpeed of the
vehicl: may not be more than & miles per
hour when passing over track crossings,
highway ciusings, or switches.

(c) Each trach inspecuion must be made
in sccordance with the following schedule:

e o

e e e

Boguired (reguan.;

Woekly with st least
ub:du doys i.-imaa

driore .I'll.lh' 'otunx?i'
a used Jo

ued n Uy
o« w ot
coBleinteack [ eupr  werkly with st
[ « at ] ﬂmdu day
sidiag erval ween  ins
‘m"“.ll.l LTS Y
1)) ISEREES
fraime o1 :ngn lhn'w
wilbon grom tung of
o A L
b .
L83 ... Other thas h“E"‘" il sl least
: e ech [+ B A e
an tngs. mﬂ botwaty mipec
N

Fravsraan T‘:i.n“ i{w“.}l

iMerval Bitween  in-
e isons.

Cmd Type ol Temck

fnds & deviation from the
medis! action.

{d) If the person makin( the ingpection

seQquirements of
this part, be shall immediatsly sniiate re.

by

pr~
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§ 213.235 Swiich and track coMing ir.
spections,

(8) Excep! as provided in paragraph (b)

section, each switch and trach cross.
ing must be inspected on foot at feast
motthly.

() Lo the case of track that is used s
thsn once a month, exch switch and trach
crousing must be inspected on foot before
Rois wped,

§ 3i)237T Luspection of mii.

{8) In addition to the track mIpections
required by § 213233, at least once a

year 8 continuous search for irtzrnel de.
fects must be made of afl jointed and
welded rails in clszses 4 through € track,
and class 3 track over which passenger
trains aperate Howsever, in the case of 2
new rail, if hefore instailstion of within 6
tnonths thereafter f1 i Inductively or ul.
trasonically inspected over its entire length
and all defects are removed, the next
continsous search for internal  defects
need not be made until three years after
that inspection.

(b) Inspection equipment must be capa-
ble of detecting defects between foint Lars,
in the ares enclosed by joint bass.

(c} Each defective rail must be marked
with & highly visible marking on both
sides of the web and base. .

£ 212.239 Special nupections.

In the event of Bre, 8503, severe storm,

or other occurrence which might have
damaged track structure, » special snapec-

tion must be made of the track involved g
scon as possible after the ocerrrence.

§ 213.24] Inupection vecords.

(a) Eacl owner of track to which this
part applies shall beep o record of each in.
spection required to be performed on that
track under this subparnt
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APPENDIX D

EXCERPTS FROM THE ASSOCIATION OF AMERICAN RAILROADS
AMERICAN RAILWAY ENGINEERING ASSOCIATION

4.1.1.1.A BUPERELEVATION

Superelevation is the raising of the outer rail on

4 curve to permit using the weight (gravitational force)
to counteract the effect of cartrifugal force. Raising
the outer rail moves the effect of the weight force
towayé the inside ryail. Combining the effects of the
centrifugal force and weight produces a resultant force
a5 tllustrated in Figure 6,

-

CENTRIFUGAL FORCE

\

CENTER OF
GRAVITY

WEIGHT

RESULTANT FORCE
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Figure €. Superelevated Car In Cquilibrium

When the direction of the resuitant force coincides
with the centerline of the «qguipment and track the curve
is described as being balanced and equilibrium speed has
been resched. JIn this condition the vortical forces on
each rail are equil and minimal frictional forces are
occurring between the wheels and the rail. This permits
maximum utilization of tractive effort and minimum wear
oh wheels and rail. However, trains may operate st all
speeds from the maximum allowable to a tomplete stop on
& curve. Alsc, the consist may have many different types
of cars with varying centers of gravity., Therefore, the
design of superelevation of & curve and the speeds allowsed
must be carefully chosen, Insufficient superelevation way
éllow & car to climb the reail or overturn. However,
railway equipment will generally *climb® over the rail due
tc lateral flange pressure and friction before the car
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111 overturn. On the other hand, excessive superelevation
may cause the wheels on the high rail to Lol due to re«
duced vertical force and cause wheel 1ift.

Traing can Operate around curves at speeds in excess of
equilibrium with safety until resching this point that wheel
climb impends. “%he height of caenter of gravity becomes a
major consideration when there i% unbalance betweean speed,
Survature and superelevation.

This 45 {llustrated in Figure 7 which shows the approxi~
mate position of the dynamic resultant force of freight cars
on curved track when traveling at speeds above 20 mph. As

the center of gravity increases, less urderbalance can he
peImitted.

It is recommended that the maximum speed ermitted on
8_murve $hould not result 1h URBATanced :unereievatfon Le-

A

yond the 1iritd where w ¢el climt impends,

When & train travels at less then the equilibrium speed
around a superslevated curve there i an unbalance with the
resultant force directed toward the inside or low rai)l. As
more of the weight is carried by the low Tail, there is an
unloading of the outer or high rail., The extreme conditioen
is for the low rail to carry the entire vertical force and
the high rail to be completely unlonded. This is an wistable
Operating condition which can result in wheels lifting off
the rail. Figure & illustrates the approximate position of
the dynanic resultant force with ovearbalunce to the low rail
for a speed of 15 mph,

Figure 8 jiu based on lateral roll anplitudes running
over track with normal irregularities. Equipment with ¢
inch high center of gravity will not unload the high rail
of well maintained track until the overbalance is slightly
in excess of 6 inches, However, the "string line" effect
of starting or Pulling a drag train combined with over-
balance effect may cause unloading of the high rail with
less than 6 inches superelevation in the track.

When determining the superelevation of a curve, very
slow operation and stopped condition must not be ignored.
WEERE PRACTICAL SUFFRELEVATION SEALL BE PROVIDID FOR EGUI-
LIBRIUM LPEED, OTSERWISE, IT 18 RECOMMERLED THEAT THE NAXI-
MUM SPEED OF TRE 28" KICH CERNTER OF GRAVIIY CARS (MAXINUM
BEIGHT (XNYER OF CEAVITY ALLOWED IN FREE INERCEANGE) BF
RESTRICYLD T0 PROVIDE NO NOPE TRIN 2" UNBALANCE ELEVATION.
A CURVE MUST ROT BE ELEVASED 50 NUCH THAT UNLOADING OF THE
HIGH RAIL MICHT OCCUR AT YERY LOWV SPEEDS OR WKEN STARTING.
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APPENDIX B

TRACK TRAIN DYNAMICS--TO IMPROVE
FREIGHT TRAIN PERFORMANCE

4.7 LIV Ratlo
4.71 General

The ratio of lateral forces divided by the vertical forces s referred to as the IL/V ratio.

Although it Is macesséry thet the lateral and vertical forces, acting separately, be ab-
sorbed and restrained by the track structure, the effect ot these two types of forces act-
Ing simuitaneously, as iustriated in Figure 4-15, must be recognized.

.—mm“m-

Figure 4-15 _ : v
Forces on Ralil ‘
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Fallure of some form may occur If the L/V ratio exceeds certain critical values. The ratlo
will increase if the lateral force increases and the vertica! force remaing constant, or it
the vertical force decroases and the lateral force remains constant, High lateral forces
are usually accompenied by high vertical loads which keep L/V ratios below critical

levels. The highest L/V ratios most often occur because of a sudden reduction in ver-
tical load.

The prevailing dynamic conditions assoclated with the vehicles, trucks and track wili
determine If a particular L/V ratio Is critical. For exemple, L/V ratios that repregent a
problem In low-spead dratt situations are not the same as those thal méy be a problem in
high-speed buff situations.

L1V ratios ere especlally Important In predicting whee! climb and rail turnover. The
duration of the occurence will detormine if the ratio Is critical. An accepled duration for
whael climb or rall turnover to occur Is in the order of 0.3 seconds.

*A publication from a joint effort by the Association of American Railroads,
the Federal Railroad Administration, the Railway Progress Institute, and
the Transport Canada Research and Development Center -- 2nd Edition R-185.
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APPENDIX E

An L/V ratio inihe crder of 0.8 1o 0.9 is generally considered a minimum for wheet ci-mb
to be likely, L/V ratios in excass of double these have been ohiserved but because of
their short duration, wheel climb clid not occur.

The ratio of total lateral load on one side of a truck to tolal vertical load on the same side
of the truck may cauge rail roll-over at a lower L/V ratio than for an individual wheel 1o
climb. On many common North American rail seclions it can be shown that an
unrestrained rail would overturn at a ratio of approximateiy 0.65. Of course, this figure
can be exceeded in practice at a single wheel because the weight on adjacent wheels
and thae torsional stiffness of the rail helps hold the rail down, and also because of the
hold-down pawer of the heads of the track spikes on the gage side. The lateral stabitity of
the rail is further influenced by longitudinal torces thal may be present, including trac-
tive or braking forces imparted by the wheels and/or thermal stresses.

High IL/V raticos of significant duration can occur when locomotives or cars bounce,
pitch or rolt. All vehicles have natural oscillation frequencies which, in combination with
track irregularities, can cause vehicle instability at critical speeds. Bounce and/or pitch
are vertical oscillations of the vehicie while roll or harmonic motion is a side-to-side
rocking motion.

Althcough as already noted, harmmenic roll occurs at relatively low speeds, vehicle in-
stability due to vertical bounce and pitch are usually associated with speeds in excess of
50 miles per hour,

4.1.2 Eftect of Variation in Surface

Vertical bouncing is initiated by abrupt sags or humps in track such as may cccur at
bridge ends, railroad crossings or soft spots in the track. The dynamic increases in ver-
tical load due to bounce accelerate wheel and rail wear while the decrease of wheel
jcading may result in high L/V ratios.

To prevent possible uncoupling or binding of equiprment and to minimize slack action,
short, sharp vertice! curves in the track structure should be avoided.

4.7.3 Effect of Variation in Cross Level

Variations in cross fevei miy cause a side-1o-side sway of a car which in turn resuits in
transfer of weight from cne rait to the other. if the vertical load on one rail is decreased
in this manner while the lateral load remaing constant, then the L./V ratio increases.
Variation in cross level may cause reduced vertical loads on diagonally-opposite wheels
of a truck, increasing the L/V ralio at those iwo wheels. In similar rnanner, abnormal
variations in cross tevel within the limits of the distance between truck centers may
rasult in high L7V ratios at the wheels on diagonally-opposite corners of the car.

4.74 Etfect of Wide Gauge

It has already been noted ir the discussion of lataral forces in Section 4.6.2 that wide
gage allows greater skew of the truck. The resulting greater angle of attack between
wheel flange &1d the rail increases lateral forces and the tendency for the wheel to climb
the rail. This i especially 80 in curves, where the leading wheel of the truck normally is
already exert!ng a heavy outward 10ad on the outer rail. Although the lateral force may
he abnarmally high, the L/V ratio will remain within sale limits if the vertical wheel load
1§ sulticiently high. If the vertical wheel icad is signiticanily reduced for any reason while
the high lateral force is occurning, and if the resulting high L/V ratio is maintained for g
sufficient tirne period, wheel climb may occur.

On curves, it the outer rail is heavily worn the likelihood of wheel climb Is increased, par-
ticularly if the wheel contour is in near new condition.
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APPENDIX ¥

NOTICE ISSUED BY THE ICG
TO ESTABLISH RAILWEAR LIMITS

JLLINOTS CENTRAL GULF RAILRDAD COMPANY
OFFICE OF YICE PRESIDENT AND CHIEF ENGINEER

SPECIAL INSTRUCTION T-10-B2
CUHVE WORN RAIL

1. DESCRIPTION

This Special Instruction shall advise procedure in the event of
curve worn rail,

SUPERSEDENCE

This Special INstruction supersedes 811 previous nstruction on
the matter, _

INSTRUCTION

At such time as any track radi) 4n main track service has worn to .'
the extent that 1/4" of the desigr section mets) has been

removed at the gage 1ine, the Track Supervisor shall notify the

Diviston Engineering Manager in writing noting the following:

1. Location, by Mile Post to the tenth of a mile.
2. MWear st Goge Line.

3. Weight of Rai}

4., Year Layed

ACTIONS

A. Track Supervisor shal) {ssue wppropriate slow orders

B. Division Engineering Manager shall notify the Enginper «
Maintenance of Way fn writing of the Track Supervisors
report and action,

C. Engineer « Maintenance of Way and Division Enginearing
Marager shall determine necessery corrective action,
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APPENDIX G

SUPERELEYATION TABLE ISSUEL BY ICG
TO GOVERN CURVE ELEVATION

N SPEED IN_MILES PER HOUR _
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