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NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C. 20594

RAILROAD ACCIDENT REPORT
Adopted: February 4, 1985

DERAILMENT OF AMTRAK TRAIN NO. 21
‘THE EAGLE)
ON THE MISSOURI PACIFIC RAILROAD,
WOODLAWN, TEXAS
NOVEMBER 12, 1983

SYNOPSIS

About 10:09 a.m. on November 12, 1983, Amtrak train No. 21 (The Eagie), with 162
persons aboard, derailed near Woodlawn, Texas, while traveling at 72 mph on the Missouri
Pacific Railroad. The train was traveling westbound on the single main track when it
passed over a sectlon of rail that a repair ecrew had just instulled to replace a broken rail.
The break had oceurred at a field weld in a length of new, continuous-welded, 136-lb RE
saction, chrome-vanadium alloy, high-strength, vacuum-treated rail, which had been
installed in the track about 1 month earlier. The temporary repair consisted of removing
a length of the outer rail in a curve and replacing it with a 19-foot 6-inch length of rail
bolted in place., The repair insert was a seetion of used, 136-1b RE seation,
standard-carbon rail. The repair erew used an oxyacetylene torch to cut both the new
ailoy rail and the used standard-carbon rail during the repair. The accident resulted in 4
passenger fatalitins and 72 injuries. Damage was estimated to be more than $2,180,000.

The National Transportation Safety Board detarmines that the probable cause of this
aceident was torech-cutting a ehrome~vanadium alloy rail in a track curve while making a
temporary track repair, precipitating thermal eracks that served as the origin points for o
catastrophic rail failure when a high-speed passenger train passed over. Contributing to
the accident was the failure of the Missouri Pacific Railroad to trasin its
maintenance-of-way depariment employees adequately in the requirements neceszary to
their positions, and of its management to monitor adherence to its maintenance-of-way
ruies and procedures and Federal regulations regarding minimum track safety stancards.
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The Aceident

On November 12, 1983, a Missouri Pacific (MP) Railroad Company dispatcher
instructed & track inspector to inspect the main track at Woodlawn, Texas, because the
track light 1/ on his dispatehing wonsole was indicating a disruption of the signal eivcuit
through the track. About 6:42 a.m., 2/ the track inspector informed the MP dispatcher by

17 Track light {s a term referring to a track signal circuit detector light on the dispatcher's
console.
2/ Al tiines herelnafter are central standsrd time.




radio of a broken field weld 3/ near milepost 55.8. The track inspector said that there
was about a 3 1/2-inch separation between the fraeture faces. The broken field weld had
resulted in the disruption of the signal eircuit. The track inspector immediataly ordered
the track between Jefferson, Texas, and Woodlawn removed from service and departed for

Marshall, Texas, to arrange for repair to-the track. (See figure 1.)

While en route to Marshall, the track inspector contacted an on-duty MP welder by
radio and instrueted the welder to meet him in Marshall. At Marshall, he telephoned the
track foreman, who in turn called a track laborer. They gathered the tools t0 be used to
perform the repairs, ineluding oxygen and acetylene tanks and torches; a rail saw was not
included because the available saw was broken, according to the track foreman. 4/ The
repair crew lefi Marshall and arrived at the work site shortly before 9 a.m. Between
9 a.m. and 9:30 a.m., the welder, using an OXyacetylene toreh, made two torch—cuts in the
rail on either side of the broken field weld, leaving a gap in the rail approximately 19 feet
6 inches long. The 136-lb RE section, 5/ chrome-vanadium alloy, high-strength, vacuum-
treated rail had been {nstalled ag continuous-welded-rail (CWR). The track ingpector snid
that at the time he was not aware whether the alloy rail had characteristies different
frora those of standard-carbon rail. The welder then torch-cut a section of rail
approximately 19 feet 6 inches long from a length of 136-Ib RE section, standard-carbon,
CWR that was lying along the right-of-way; the length of rail had been left there after it
was removed from the truck in October 1983 when the alloy rail was installed. The repair

crew laid the insert of standard-carbon rail into the gap in the alloy CWR and proceeded
to drill bolt holes and apply joint bars.

About 9:13 a.m., while the repair work was still in progress, the track inspector
contacted the dispatcher and placed the track back in service., At that time the standard-
cerbor rail insert was fastened into the alloy CWR with one bolt ir each end of the insert
and one bolt in each end of the alloy CWR. About 9:30 a.m., & %,995-foot-long freight
train, consisting of 2 six-axle locomotive units, 53 loaded cars, and 4% emply cars, with a
trailing tonnuge of 6,354 fons, was aliowed to pass over the incomplete repair at an
unrestricted speed of 50 mph.  About 9:40 a.m., the track inspector informed the
dispatcher that the freight train had passed and requested that the track be removed from
service so that further work on the repair eould be completed. The repair crew then
drilled one additional hole in each end of the insert and spplied a bolt in each hoje. At

that point, the insert was fastened with two bolts in each end of the insert, and one bolt in
each end of the allov CWR.

About 9:53 a.m., the track inspector contacted the dispatcher and placad the track
back in service. An MP roadmaster, who was sent by the MP division superintendent to
help expedite crain movements through the ares, soon arrived at the work site. The
roadmaster said that he told the track inspector that the MP had direetives eoncerning
cutting rail with a toreh, as outlined in instructions issued bv the MP's chief engineer's
office. The roadmaster sald that the track inspecior replled that theip frack saw was
broken. The roadmester said that he and the traek inspector diseussod placing a slow

order on the track at the repair site, but did not do so because they considered the track
to be safe.

3/ Fleld welds are those welds performed at the ingtallation site to connect strings of
continuous-welded-rail.

4/ MP officials informed the Safety Board trat the rail saw in question was used during
track reconstruction after the accident. It was not determined if the rail saw was, in
fact, inoperable on the morning of November 12, 19§3.

5/ 136-1b RE section refers to raijl which nominally weighs 136 pounds per li

tear yard and
is a standard rail section recommended for use by the American Rallway Engineering
Association.
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Figure 1.~~-Route of Amtrak train No. 21.
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Eagle) had departed Texarkana, Texas, about 9:20 a.m., westbound en route to Dallas,
Texas, with 145 Pasvengers and 17 crewmembers onboard. No defective conditions were
noted by the erew in the air brake system or equipment upon departure. The train
consisted of, in order, two locomotive units, one baggage car, one sleeping car, one

dormitory car, one sleeping car, one lounge car, two coach cars, one diner car, and one
coach car.

About 10:09 a.m., the train approached the traek repair site at milepost 55.6 at a
speed of 72 mph (according to the locomotive's spead recorder tape). The fireman, who
was also a qualified locomotive engineer, was operaling the train, and the engineer was in
the fireman's seat. The fireman and engineer said that they saw the members of the track
repair crew sianding to either side of the track near a wayside signal for eastbound traing.
The train was emerging from a 1-degree 24-minute curve to the left and entering onto a
400-foot-long woxit spiral from that curve. Immediately after passing & wayside signal, the
train's automatic air brake unexpectedly applied in emergency. After the train came to a
stop, the crew found that the rear truck of the first sleeping car and the remaining seven
cars of the train were derailed. The first coach car was tilted about 30 degrees, and the
diner car and the two remaining ecoach cars were turned on their sides. Although all of
the train remained coupled, the cars diverged outwerd from the track with the degree of
divergence being greatest toward the rear of the train, (See figure 2.) The head-end crew
and the roadmaster radioed the dispatcher t¢ Sulmmon emergency response perionnel. Of

the 162 persons onboard the train, 4 passengers were killed, and 25 persons were
hospitalized.

Injuries to Persons

Injuries Crewmembers  Passengers Other Total
Fatal 0 4 0 4
Hospitalized 2 23 0 2t
Minor/None 16 117 0 133
Total 18 144 0 167
Damage

The two locomotive units and the baggage car were undamaged. The rear truck of
the first sleeping ear received superficial damage. The dormitory car received moderate
underside and truck damage, as did the following sleeping car. 'The lounge car recaived
extensive damage to its underside, trucks, and electrical components, as did the following
coach car. The diner car and remaining two coach cars received extensive damage to
their undersides, trucks, and electrical components; the sides and roofs of these Cars were

€xtensively damaged and the car interiors were moderately damaged as they slid on their
sides after overturning. (See figure 3.)

Initial onsite examination of the chrome-vanadium alloy rail indicated the presence
of a small erpck in the web of the rail at a discontinuity in the toreh-eut face near where
the alloy rail was bolted to the south end of the standard-carbon insert. The brenk
8ppeared to extend from that discontinuity through the web a distance of about 6 feet.

Within the next 34 foet approximately, the rail was broken into between 50 and 190 pleces
01 various size.

Meanwhile, National Railroad Passenger Corporation (Amtrak) train No. 21 (The
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About 700 feet of single main track and roadbed was destroyed in the eccident. The
signal system track circuit and an adjacent signal and electric pole iine were damaged.
Damage was estimated to be as follows:

Equipment $2,111,500

Teack 10,500
Signals 200

Wreck clearing 64,082
Total $2,188,2683

Personnel Information

The engineer and fireman of Amtrak train No. 21 were both qualified by the MP as
locomotive engineers. The conductor and both brakemen were qualified by the MP for
their respective positions. All of the operating crewmembers of Amtrak train No. 21
reported for duty at 8:50 a.m., at Texarkana, to operate the irain to Dallas. They were
all current on MP operating rules. (See appendix B.)

The site of the broken field weld was part of the track inspector's assigned
inspection territory. The track inspector had worked for the MF since 1969 and becarie a
track inspector on September 18. 1983, after attending & 1-week-long MP track inspection
school. He stated that it was & common practice to cut rail with a toreh on the MP, and
that he was unaware of any instructions having been issued regarding that practice. He
had not arranged for the presence of a signel meintainer at the work site although the site

was signalized.

The site of the broken field weld was not part of the track foreman's and track
laborer's assigned maintenance territory. The track inspector called them because they
lived closer to the work site than the assigned workers. The track foreman stated that he
had been a track foreman for the last 15 years of his 20 years of employment with the
MP. The track laborer had been employeéd by the MP for approximately 29 years. The
welder was initially employed by the MP as a track laborer and becams a welder in : 979
after attending a 1-week-long MP school for welders.

The roadmaster regularly supervised an adjacent territory., On November 12, 1983,
in addition tu his own territory, the roadmaster was covering the adjacent territory that
included Woodlawn for a roadmaster who was off duty for the weeckend. The roadmaster
stated that he was informed about 7:05 a.m. of the broken field weld and that a
maintenance crew was taking care of the repai>. He hed been a roadmaster since January
1977 and had attended a 2-week-long MP supervisor sechool in 1981.

The roadmaster, track inspector, track foreman, and welder were all current on MP
regulations for maintenance of way and structures and were qualified for thelr respective
positions in accordance with MP requirements, Testing is performed on a biennial basis by
the MP. (See appendix B.) According to MP requirements, it was not necessary for the
track laborer to be tested on MP regulations for maintenance of way and structures.

Teain Information

The locomotive of Amtrak train No. 21 consisted of two diesel-electri¢, model
F40PH, 3,000-horsepower locomotive units, manufactured by the Electromotive Division
of General Motors Corporation. The locomotive uhits were equipped with operable radio,
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28-L air brake system, blended air and dynamic brake, speed indicator, alertness device,
and a tape speed recorder. The single-level baggage ar and first sleeping car, as well ag
the remaining bi-level passenger cars, were stainless steel cars manufactured by Pullman
Standard, Inc.

The trainerew had operable portable radios which could be used to communicate
within the train, between trains, and between the train and the dispatcher or other
wayside locations.

Method of Operation

Trains are operated through Woodlawn by timetable, special instruetions, train
orders, and signal indications of signals of a centralized traffie control (CTC) system.
The maximum allowable speed at the aceident loeation was 75 mph for passenger trains
and 60 mph for freight trains. According to the MP, 4 passenger trains and 135 freight
trains were operated through Woodlawn in the T-day period preceding the accident.

Passenger trains are operated over the MP by contracetual agreement between
Amtrak and the MP. According to the MP, the contractual agreement provides for a
financial incentive in the form of & bonus for on~time performance. When Safety Board
investigators asked the division superintendent after the accident if the MP operations
stressed avoiding delays to Amtrak trains, he replied, "I would say that we want to run
Amtrak on an on-time bagis." On the day of the aceident, Amtrak train No. 21 had been
scheduled to arrive at Marshall at 9:31 a.m.; the accident site was approximately

10.7 miles from the station at Marshall. The train was approximately 40 minutes behind
schedule at this time.

track to be restricted op removed from service are
cifie site loeation by track inspectors, track foremen, or
radio or wayside telephone locations.
nditions are established,
enters the appropriate restriction to train traffie and the antiecipated
restrietion in the dispatching console.

Rule No. 255 of the Rules and Regulations for the Maintenance of Way and
Structures of the MP states:

Notice to Signalmen.--When doing wity class of work which may change
adjustments, disturb op inter{ere with ihe operation of signal apparatus in any
manner, Sighalman must be advised in advance, if possible, sc he can
Cooperate in the work.

Track Information

The main track through the Woodlawn area was constructed of 136-l1b RE section
CWR. The raill was laid in double-shouldered tieplates atop 7-inoh by 9-inch by 8-foot
6-inch-long, treated, mixed hardwood crossties. The erossties were laid in erushed
granite ballast with compacted full tie ceribs, 6/ The tended 8 inches below the
crosstie bottoms and more than 12 inches beyrnd the ends of the crossties. The CWR was
fastened by two rail~holding and two pPlate-holding spikes in eseh tieplate. The CWR
normally was anchored on both gides of alternete crossties; where prefabricated bonded

87" Atle crib s that space between two adjacent erossties in a railroad track,

T L SR PR T O S AR A b S TIPSR e,




~9-

insulated jcint ussemblies 7/ were field-welded into the track structure, the CWR was
anchored on both sides of each crosstie for o distance of 200 feet on either side of the
assembly. The field weld at the south end (geographic direction) of the insulated joint
assembly in the outer rail of the curve (geographic west) was the fajled field weld which
precipitated the repair work being perforined on November 12, 1983. Visual inspection of
the failed field weld revoaled g slag {nclusion located at the base of tue rail.

The rail in the insulated joint assembly was 133-1b RE section, chrome-molybdenum
alloy rail manufactured by Colorgde Fuel and Iron Steel Corp. The CWR into which the
insulated field joint assembly had heen field welded was new, 136-1b RE section,
echrome-~vanedium alloy, high-strength, vacuum-treated rail manufactured by Krupp Stahl
Company, one of a consortium of steel manufacturers located in the Federal Republic of
Germeny. The new CWR was installed through the Woodlawn area on October 20, 1983,
&nd wus adjusted for cperational temperature differentials by means of a hydraulic rail
Stretcher. The chrome-vanadium alloy 2!l was being installed in curved track locations
because, according to the MP,

-+ « the standard AREA [ American Rallway Engineering Association]
specification has been used by the Missouri Pacific for purchasing steel
rail. Chrome-molybdenum and chrome-vanadium rail has been used by
other railroads successfully to reduce rajl wear in curved track,
Therefore, the decision was made to use chrome-vanadium from Krupp
Steel on our railroad.

The MP's chief engineer stated that the chrome-venadium alloy rail also was being used
for stock rails 8/ in track switches, and that the stock rails were being bent into the
necessary curvature to conform to the track switch assembly.

The specifieations, ineluding chemieal composition, for standard steel raij] are set
forth in Chapter 4--Rail, Part 2, Specifications For Steel Rails of the AREA Manual for
Railway Engineering. With regard to alloy rail, the manual states in Chapter 4, Part 2,
Paragraph 3.2, "The ehemical coninrsition of alloy high strength rail will be subject to the
agreement of the purchaser and manufacturer." Other portions of the specifications for
steel rails apply in a generic sense to the alloy rail. (See appendix C). The purchase order
for the rait involved in this accident stated that the pail shouid be menufactured . .. in
accordance with, AREA specifications . .." and directed the supplier to ", . . state the
chemical composition . . ." of the rail. (See appendix D.) The information supplied by the
manutacturer of the rail, established at the time of manufacture from a test specimen,
was as follows for the particular heat 9/ from which the rajl involved in the derailment
was made:

77 Those lstlated joint bar assemblies in whieh the joint bars are permanently attached
to the rail using high-strength structural adhesives,

8/ A stock rail ig the running rail against which the switeh point abuts,

8/ A heat is that amount of steel produced from s furnace from one charge of raw
material.




Tensile Chemiegl Brinell
Yieldpoint*  strength® Elongation**  Analysis Hardness

108,500 174,700 11.0 0.78% Carbon 343
0.72% Silicon
1.15% Manganese
0.019% Phosphorous
0.023% Sulfur
0.97% Chromium
0.08% Vanadium

*expressed in pounds per square inch,

**percentage of elongation in inches per 2-inch gage length; the specification called for a
minimum eiongation of 9 percent, '

The track alignment design through the aceident area is a 1-degree 24-minute curve
to the left, proceeding into a 400-foot-long exit spiral before & 167.4-foot-long tangent.
The track then proceeds into a 2-degree 4-minute curve tu the right. At the point of the
derailment, the track is on g level grade. The track, other than the immediate portion
under repair, met op excaeded the minimum standards of the Federal Railroad
Administration (FRA) track safety standards for class 4 10/ track.

Section 213.121(e) of the FRA's track safety standards as set forth in Part 49 of the
Code of Federal Regulations (CFR) states:

In the case of continuous welded rail track, each rail must be bolted with
at least two bolts at each joint,

On November 12, 1983, the FRA issued a report of violation of Section 213.121(e) against

the MP, hecause of the lask of 8 minimum number of irack bolts in the repair insert
joints.

Section 213.121(g) states:

No reil or angle bar having a torch cut or burned bolt hole may be used in
classes 3 through 6 track.

Instruetion No. CE~237-T of the MP's Chief Engineer's Instructions. dated May 23,
1978, in effect at the time of the accident, states:

Ruils may be cut with a saw, nicked with a chisel and broken, or
cut with a toreh, Rails cut by a torch must be re~cut with g saw.

Exeept in emergencies op under special conditions, all rails will be
cut with a saw. Those rails cut with a torech will have a 10 mph slow
order until the rails are replaced.

Under no cireumstances wijl the bolt holes be installed with a
toreh, All bolt holes will be drilled.

107 Aceording to 49 CFR 213.9, "Classes of track; operating speed limits," Class 4 track

prescribes a maximum allowable operating speed of 80 mph for passenger trains and
60 mph for freight trains,
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The MP's chief engineer stated to Safety Board investigatcrs that Instruetion No. CE-
237-T was revised following the accident to prohibit the use of a track chisel to eut raijl
and to emphasize that & toreh should be used to cut rail only in an emergency.

The track inspectcr, track foreman, and the welder each agreed that it was a
standard practice to torch-cut rail on the MP. They said that no one in any of the
training sehools they ettended for the MP had instructed them that the Chief Engineer's
Instruetions prohibited torch-cutting rail except in emergency situations. They also
stated that they were not aware of any requirement to impose a speed restrietion when
rail was torch~cut or of any requirement to install two boits in each raijl end in the joints.
The roadmastcr stated that he was aware of the chief engineer's instruction on not cutting

rail with a toreh, but was unaware of the requirement for a speed restricijon.

All of thuse present at the site Just before the accident stated that the hew chrome-~
vanadium alloy CWR exceeded the height of the worn standard--carbon insert g¢ either end
of the insert by no more than an eighth of an ineh in their estimation; the height
differential, however, had not been measured. The insert rail had a protruding lip of
flowed rail meta! of 1/16 inch on the side of the rail head that was turned to the gage side
in the track. To compensate for that protruding lip of rail metal, the welder had removed
a tapered section from the gage side of each end of the insert rail. The taper commenced
about 2 1/2 inches from the rx.il end and was about 3/16 inch deep at the rail end,

The MP does not reruire that all faileG field welds or rail failures be retained for
inspecetion or for laboratory analysis.

Meteorological Information

At the time of the accident, visibility was good, the temperature was about 47° F,
the relative humidity was about 75 percent, and the winds were from the southeast at
about 8 knots. There was no precipitation. The minimum reported morning temperature
was 39° F, reported at 5:47 a.m. and §:47 a.m,

Medical and Pathologieal Information

Of the 162 passengers and crewmembers on the train, 4 passengers died as a result
of injuries received during the derailment. Two of ihe fatalities occeurred in coach eay
No. 34034, one fatality occurred in the diner car, and one fatality occurred in coach capr
No. 34033; all of these curs turned on theip sides during the derailment. (See figure 2.)
Three of the passengers aied as & resuit of blunt trauma injuries, while the other
passenger died as & result of injuries sustained when baliast was forced through a broken
window in an overturned coach car, burying the passenger,

Twenty-three passengers and 2 crewmembers sustained injuries requiring
hospitalization, and 47 perscns were trested and released. The injuries consisted of
coneussions, fractures, lacerations, contusions, and abrasions; all of the serious, and most
of the minor injuries occurrad in the four rearmost cars of the train. Several of the
injured passengers told Safety Board investigators that they were injured by bagpage
which was thrown about the car interiors during the derailment.

Survival Aspects

At the time of the derailment, the first coach car became tilted about 30 degraes to
the west and the following three cars rolled to the west, onto their right sides in the




it T s

]

directicn of travel. As the three rearmost cars skidded to a stop, large quantities of
roadbed earthen fill and crushed roek baliast were scooped into the cars through side
doors and windows,

Although the four rearmost cars sustained considerable extoriop datnage, interics
damage was moderate and limited to broken windows, damaged doors, displaced seat and
back cushions, and displaced headrests in the cosch cars. Baggage wes strewn sbout the
ear interiors; overhead baggage securement is not provided for in Amtrak passenger cars.
The diner car's interior damage consisted of a tsble torn locse, displaced seat and back
cushions, and displaced headrests from several seats.

Many of the passengers and crewmernbers were able to exit the train after the
accident without assistance. However, most of those Qersons in the three rearmogt
overturned cars had to be rescued., Tiae doors and emergency windows on the right sides
of these cars were on the roadbed, and the deors and emergency windows on the left sides
of these cars were above the car's oceupanis. Some of the persons in the rearmost cap
were able to exit through the end door., Before emergency response personnel arrived, MP
and Amtrak personnel initiated evacuation and rescue efforts,

Emergeney Response

The first rescue units, from the Marshal! Fira Pepartment, arived at the accident
gcene about 10:25 a.m. and requested assistance from three additional jurisdictions. Msany
other jurisdictions responded without having been requested to do so after learning of the
accident through emergency services radio frequencies and commereigl radio stations.
Emergeney personnel from at least 21 jurisdictions responded to the aceident scene.
Rescue personnel assigted persons in the overturned ears, initially by hoisting them by
hand up to a w:ndow, and then by using ladders to facilitate access to the car interiors.
All of the passengurs and Crewmembers wers evacuated from the aceident site within
1 hour after the emergency response persorne! arrived.

Several emergency response personnel, law enforcernent officers, and the county
civil defense director stated to Safety Board investigators that the lack of a disaster plen
and a ecentra) dispatehing system hampered rescue efforts, Specific problems cited
included the lack of a designated on-seene commander, & command post, and a chain of
command; lack of a mutual-aid radio frequency for cemmunication among most
responding units; and poor erowd control which resulted in the access road to the accident
site being clopged with vehicles, including emergenc vehicles, and hampering rescue
efforts. By about {1 8., the main highway and the aceess road to the railroad had
become obstructed with vehicles, severely impeding the flow of traffic. Additional
responding emergency personnel continued to head for the accident site even though their
services had not been requested; they could not be headed off due to lack of information
on their identity., There wag no mutual aid agreement among the responding jurisdictions.

The ¢ounly eivil defense director said that he was informed there was no passenger
manifest onboard the train which would have stated the number of persons onboard, A
Passenger manifest was received by the county eivil defense direetor about 4 p.m. About
4130 p.m., a final search for passengers was begun at the accident site; no additional
passengers were discovered,

Tests and Research

Postaceldent examination of the track structure revealed no derailment markings
to the geographic north of the temporary teack repair. Past that location, in the direetion
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of travel of Amtrak train No. 21, derallment merkings in the form of crosstie damage and
beliast displaceinent led from the location of the temporary track repair to the location
where the train came (o rest.

Postaccident examination of each of the locomotive units and cars of Amitrak train
No. 21 revealed that sleeping cer No. 2811, the second car in the train consist, was the
firat car in the train which displaye: derailmeni-induced markings. The lead wheol on the
west side of the car displayed a new gouge mark in the wheel flange. Derallment
markings inereased In intensity and damage toward the rear of the traln. The
postaceident examination ¢f the equipment disclosed no mechanieal defecis or conditions
thet would have contributed to the aceident. However, it was noted that the wet-cell,
standby batteries; which provide power for emergency lighting, in the three rearmost cars
of the train were damaged to the extent that they did not funetion. The main electrieal
power lines between the cars became separated during the derailment,

A scetion of the ehrome-vanadium alloy rail containing numerouws fractures, seviral
locations of battermeant, and the torch-cut rail and was taken from the accident site and
sent by the MP tc the Union Pacific (UP} Railroad Company testing facility for
metalturgical analysis. 11/ Safety Board investigsturs present ai the testing facility
noted that all MP maintenance-cf-way personnel who viewed the rail section, as well as
the UP lab personnel whe viewed the section, stated that the oxtent and manner of
fracturing far exceeded that which any of them had witnessed previously. (See figure 4.)
The toreh-aut end of the rail displayed mismatched planes of toish-cut surfaces, with the
mismatched planes offset by approximately one-eighth inch. {See figure 5.) Examination
of the rail revealed that the line of fracture in the rafl web intersected the mismatehed
planes of torch-cutting at the noteh located at the juncture of those mismatahed planes.
Safety Board investigators noted thermal eracks at the intersection of the line of fracture
in the rail web and the mismatched toreh--cut planes. {See figures & and 7.)

'The testing performed at the UP }. boratory consisted of tensile tests performed on
thres specimens machined from the rail, hardness tests of the rail surfaces, and chamical
analysis of the rail. The director of the UF lahoratory reported test results to Hofety
Board investigators which indicated variations In elongation percentage and chomiesl
composition from the results of tests made at the time of manufacture and furnished by
the manufacturer to the MP. After the testing at the UP laboratory, the MP retained s
private commercial test faaility to conduet further testing on specimens of the ¢home-
vanadium ailoy rail involved in the derailment. The tests were restricted to mechunical
testing consisting of tensile tests and impaet tests to determine further the rail’s charac-
teristics with regard to tensile and yield strengths, ductility, and irnpact resistance. The
test date of the tensile specimens indicated elongation percentages less then the 9
percent specified on the manufacturer's test results.

The Sefety Poard requested the Fracture end Deformation Division of the Natlonal
Bureau of Standards (NBS) to perform cerlain tests on the broken section of chrome-
vanadium slloy rail involved in the accident. The tests Inecluded tensile tests, impact
tests, haniness tests, chemical analysis, and a test for hydrogen content. (See
appendix E.) The test resuits of the rensile specimens revealed tensile and vield strength
values comparable to the values set forth by the menufacturer; however, the elongation
values of the three specimens were 7.0 percent, 7.0 persent, and 7.2 percent, whioh were
below the values set by the mannfacturer. The results of the NBS Impact tasts were
womparabli to the test results of the independent testing faciiity retained by the MP. 'The

117 The MP does not maintain its own metallurgical facility but uses the UP facility. Tho
WP and the UP are subsidiary organizations of the Union Pacifie System.
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FRACTURE IN
WEB OF RAIL

Figure 6.--View looking down on web fracture in lower portion of torch~cut
rail end shown in figure 6. The arrows indicate the bottom of the noteh
areated by the toreh-~cutting. The outlined ares is shown in figure 7.
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Figure 7.--Seanning electron microscope photograph of the area within
dasiied line box in figure 6. The bottom of the torch-cut notch
is between brackets “gN™. Also, two series of therma! cracks are
visible in this photegiaph. One series was unopened and was found in the
‘botton: of the noteh, and is indjcate? by arrows "X". A second series
was opeited during the frecture process and was found on the side of
the notch. The surface of this openeqd series 6f thermsa! creals
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was darkly discclored and is indicated by arrcws *Y".
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NBS test results noted a zero percent shaar on the fracture faces. The hardness test
readings were comparable to those established in the preceding tests, as were the results
of the chemical aralyzis. The hydrogen analysis revealed readings between 0.05 and 1.22
parts~per-million; 3 parts-per-million or less is the generally accepted upper limi¢ in
steel-making procedures. Metallographic examination of the rail revealed no evidence of
internal defects.

Testing of chrome-vanadium and other alloy rails, as well a8 standard-~carbon rail, is
currently being performed by the Association of American Railrcads at its metallurgical
testing facility. Preliminsry test results indicate that the crack ‘ravel characteristies of
chrome-vanadium alloy rail are such that eracks travel 4 to 8 times farther before arrest
occurs, compared to standard-carbon rail.

Other Information

The FRA commissioned a task force to conduet an evaluntion of the rail failure in
this accident. Its report 12/ states in part that:

The trend toward increased usage of alloy rail is likely to continue as the
long-term economic henafits are more widely recognized. Therefore, it
is essential for the industry to be able to clagsify alloy rail steels on the
basis of fracture toughness and to have speecific guidelines for the
manufacture, handling, installation, and maintenance of fthose alloys
which are more notch sengitive than plain carbon rail steel.

Fracture toughness is & messure of inherent resistance to fracture initiation, and notch
gensltivity is the tendency for a fracture to continue to progress. 'The report also states
that it was ". . . prcbable that the torch cutting operation left a defect in the rail end, and
that this initial defect probably provided the origin for the sudden rail failure" and that
the metallurgical examination of thu UP testing facility " .. did not reveal the rail to
have any unusual metailurgical characteristics.” The report further states that within the
railroad industry ". . . no consensus ¢Xists on torch cutting practices or on the slow orders
to be imposed when a freight or passenger train is travelling over torch-cut rail.”

The report made the following resommendations:

o3 The torch-cutting of rail for temporary jointed repairs should not be a
preferred practice.

I# & torch-cut rail end must for any reason be left in 4 jointed temporary
repair, railrords which do %0 to alloy rail should slow-order such repairs
to a speed not exceeding 10 mph.

Also, the report recommended the followling long-term actions:

0 An industry study should be undertaken to assess quality control
procedures to make certain that the manufacturing processss are not
introducing excessive residual wstresses in the produet. Particular
attention should be paid to the study of roller-straightening practices.

137 For more information, ses "Task Force Report-Rail Failure Evalustion, May 1984,"
prepared by U,8. Department of Transportation, Transportation Systems Center,
Cambridge, Massachusetts.




An industry study should be wundertaken on the experimental
measurement of the fracture toughness of recent formulsticons of alloy
rail steel. Detailed information on fracture totighness and fracture
susceptibility, for loading conditions characteristic of normal train
operations, would provide a rational basis for the development of
recommended procedures for alloy rail installation and maln