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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,
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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

" A T L I e v e LSy Rt A
f




MISSING
PIECE(S)

AT s

TCGRCH-CcUT
END ~ DRILLED
BOLT HOLE MISSING
PIECE(S)




DIRECTION OF TRAIN TRAVEL

MISSING MISSING
PIECE(S) PIECE(S)

-+ -
A

\ |
%;%-M ;

PLANT-WELD MISSING \ MISSING
PIECE(S) PIECE(S)

NO SCALE

FigJure 4.--Rail fracture diagram.




UL MISSING

SRRSOV Y e RN SRR SRR ek, L TR

MISSING
MISSING PIECE(S)
PIECE(S)

\ .

MISSING
PIECE(S)

R A o i Ty L e g e R LT e
Bt -. g ~s - g




Preceding page blank

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 malntenance.

An industry survey should be conducted to ascertain cutrent alloy rail
handling, installation, maintenance, and welding practices and produce
acceptable practice guidelines since alloy rail may be less tolerant to
otherwise similar practices than plain carbon rail.

The Association of American Railroads (AAR) and its engineering division (AREA)
have begun tests and stulies directed (o the fulfillment of the long-term actions
recommended by the task force and have indicated that a concerted industry effort will
be necessary to achieve those goals.

In an incident at the Burlington Northern (BN) Railroad Company's rail welding
facility at Laurel, Montana, on December 6, 1983, during test weld procedures on chrome-
vanadium alloy rail, a remnant section of the rail was dropped inadvertently from a height
of about 8 feet onto another rail. The remnant section of chrome-vanadium alloy rail hed
torch cuts at either end, which had been made after test welds were performed on the
blank-end rail. The toreh cuts were made 3 to 4 feet from each end of the rail seetion;
the remnant rails were designated as scrap, while the welded joints were to be retained
for test purposes. The dropped remnant rail section broke through its web and into
several pieces. At the time of the incident, the ambient temperature was -12°F. Pieces
of the rail were sent to the BN's metallurgical facility for failure analysis. (See appendix
F.) The BN attributed the cause of the rail failure to ™. .. the expected low toughness of
the alloy rail ...," and further that, ". . .torch cutting of the alloy rails must be
avoided. , . "

The BN informed thre Safety Board that the rail was 132-lb RE section rail,
manufactured by Thyssen, another member of the steel manufacturing consortium located
in the Federel Republic of Germany. The BN said that the specifications tenderad to the
manufacturer of the rail were the AREA specifications for steel rail and that the BN was
not advised by the manufacturer of any recommended special handling practices.

ANALYSIS
The Accident

The operating crew of Amtrak train No. 21 were properly qualified for their
respective positions in accordance with MP requirements. There were no mechanical
defects noted in the locomotive units or passenger cars that would have contributed to the
accident.

The absence of derallment-induced markings on either of the two locomotive units
or the lead baggage car indicates that the ultimate breakup of the rail vccurred under the
passing pasgenger train, but behind the locomotive and lead car. The forces generated by
the wheels of the two locomotive units and following cars traveiing at 72 mph impaecting
on the chrome-vanadium alloy rail, which was approximately one-eighth of an inch higher
than its mating rafl, the standard-earborn rail, and also impacting on the offset on the
gage sides of the rails in the joint, probably were sufficient to initiate the eracks found in
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the rail web; the thermal crack at the toreh-cut rail end probably served as the crack
origin. The freight train which passed at 3:30 a.m. probably negotiated the temporery
track repair success.ully only because of its slower speed and resuitant lower impact
fornes imposed on the raij joint. Further, recent tosts perforined by the AAR at its
metallurgical testing facility indicate that the crack arrest characteristies of chrome-
venadium alloy vail are sueh that cracks travel four to eight times farther before arres,
occurs, compared to standurd carbon rail. It is therefore extremely unlikely that a crack
which had initiated under the freight train could have existed without the rail fracturing
severely until the passing of the fassenger train.

Since the rail breekup oceurred in the outer reil o a curved track, the centrifugal
force generated by the train resulted in the derailing cars diverging outward from the
track, with the three rearmost cars turning onto their sides, and the fourth car from the
rear tilting about 30 degrees. The extrame divergence of the four rearmost cars greatly

contributed to the extent of the fatalities, injuries, and severity of damsage sustained in
the acecident.

Maintenance-of-Way Training

Although the MP had a stated policy, published in its chief engineer's instruetions, of
not cutting rail with a toreh except in emergencies, it is apparent that the stated poliey
was not, in fact, a working practice. The actions and statements of the track inspector,
track foreman, and welder indicate that torch-cutting of rail, in lieu of using the
preferred rail saw, was a routine and ecommon practice, contrary to the MP's published
instructions and stated Poi‘ey. Moreover, it is apparent that the published policy of
placing a 10-mph speed restriction on rails cut with a toreh in an emergency situation also
was not a working practice. The actions and statements of the track inspector, track
toreman, welder, and especially the roadmaster indicate a serious deficiency in the
training in MP schools about procedures applicable to their respuetive positions, sinee
none of them was fully cognizant of the procedures., They aiso apparently were not
cognizant of applicable Federal regulations, since they allowed the freight train to pass
over the track repair while each of the CWR rail ends had only one bolt--pather than the
required two bolts--installed in each of two joints, The Safety Board believes that the
actions of the MP maintenance employees involved in the accident indicate that the
training and testing of MP maintenance-of-way personnel must be improved.

The Safety Board is particularly concerned with the training and testing given the
track inspector and roadmaster who were responsible for the deecision that the track was
safe for rail traffic. The roadmaster stated that he had bean asked by the division
superintendent to expedite the train movements, which would have ineluded the Amtrak
train movement. From the sccident site, Amtrak train No. 21 would have required
approximately 9 additional minutes at 72 mph to reach its next scheduled stop at
Marshall, which was to have been at 9131 a.m. Since the aceident oceurred at 10:09 a.m,
approximately 10.7 rail miles from Marshall, the train was running approvimately
40 minutes behind schedule. These factors may have influenced the decisions on how the
repairs were made and whether to place a slow-order on the track at the work site. In
order to comply with applicable Federal regulations and MP instructions, both the freight
train and the Amtrak passenger train would have had to be held until the track repair had
been completed, with four track bolts {two to each rail end per joint) instalied. ‘ihe
leading freight train could then have been allowed to pass over the temporary reprir at
10 mph, with the passenger train following the freight train, also at 10 mph, resulting in
considerable additione? delay to Amtra’ train No. 21,
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Compliance with the chief engineer's instructions on cutting rail would have
necessitated the use of a rail saw. The rail saw assigned to the repair erew reportedly did
not function, necessitating cutting the rail with a toreh. The decision to cut the rail with
a torch may have been affected by the much gresater speed by which rail can be cut with a
torch as compared to using & rail saw. Similarly, imposition of & slow-order would have
further delayed the schedule of Amtrak train No. 21. Moreover, since the site of the
temporary repair was within CTC territory with automatic wayside signals, under MP
rules, the track inspector should have arranged for a signal maintsliier to be at the work
gite to insure the integrity of the signal system. His failure to do so is a further
indication of undue haste in response to directions to expedite train movements.

Indifference to proper maintenance procedures such as cutting rail with a toreh,
incomplete bolting of joints, omitting preseribed slow orders, and proceeding without
essential personnel are situations which should not be tacitly encouraged or condoned by
management., The activities preceding this accident suggest that not only are first-line
supervisors inadequately instructed on company maintenance-of-way policies, but also
that their superiors have not been exercising effective direction and monitoring of routine
practices being used on a day-to~day basis.

The Safety Board believes that systematic foliowup of rail failures in mein tracks
and other important tracks should be a standard procedure performed by any railroad. If
the MP had had a requirement mandating that the failed field weld cut out from the
chrome-vanadium alloy rail be retained for inspection or for laboratory anslysis, the track
repair erew involved in this accident might have been reluctant to use a torch {o cut the
rail, knowing that the torch cuts would be discovered., The Safety Board notes also that
the MP had not requested information on whether the chrome-vanadium alloy rail had any
characteristics which would require special instaliation and mainterance procedures
differing from those for standard-carbon raii, even though the MP did not set forth any
specifications for the chrome-vanadium slloy rail when that rail was purchased.
Moreover, the Safety Board notes that Krupp-Stahl, the manufacturer of the chrome-
vanadium alloy rail, did not furnish information to the MP on whether ike rail had any
such characteristies.

High-Strength Alloy Rail Instailation and Maintenance Procedures

The MP, as well as other railroads, have purchased and installsd chrome-vanadium
alloy rail and other high-sirength alloy rail for the purpose of reducing the rate of rail
replacement in locations of severe rail wear, such as in curves and track switeh stock
rails. The task force report on the rail failure in this aceident also hes indicated that the
use of alloy rail, while currently very limited, will increase significantly because of the
economic benefits of its wearability. The Safety Board doey not question the
appropriateness of industry seeking such economiec benefit. However, the ‘Board is
concerned that indifference to proper methcds of rail installation and maintenance which
can result in safety hazards in any 1-ail presents scute hazards when using certain high-
strength alloy ratle, sush as chrome-vanadium alloy rail. The Safety Board's concern led
to the issuance, during the investigation of this acecident, of Safety Recommendation
R-84-20 on April 20, 1984, to the AREA, the AAR and its membership, and the American
Short Line Railroad Association, which states:
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Review and revise, where necessary, procedures for the installation and
maintenance of high-strength alloy rails, especially high-strength
chrome-vanadium alloy rails, to minimize the possibility of externally
induced stress factors in such rails and to implement more stringent
internal defect testing programs.

The majority of railroads that have responded to Safety Recommendation R~84-20
have rules and procedures in effeet which specifically ban the use of a toreh to cut rall
except in an emergency situation. All of the railroads that have responded indicate that
they have rules and procedures in effect which stipulate that rail cutting with a saw or
rail chisel is the preferred method. Although the responses to Safety Recommendation
R-~84-20 do not comprehensively state the complete policies of all railroads regarding
torch-cutting practices, the Safety Bosard believes they do indicate a counsensus that
cutting any rail with e torch is an unaccepiable practice. Further, the Safety Board notes
that although the FRA minimum track safety standards do not address the subjee: of
torch-cutting of rail at present, they do prohibit toreh-induced bolt holes.

The Safety Board believes that the thermal cracks found in the chrome-vanadium
alloy rail were precipitated by the use of the torch to cut the rail., Metallographic
examination of the subject rail did not reveal any other internal defects that could have
served as the origin of the rail fracture. Torch-cutting of rail often may introduce flaws
at or near the torch-cut surface. The inherently uneven surface of a torch-cut rail has
numerous surface discontinuities. These surface discontinuities, in a rail subject to the
imposition of dynamic loads from wheels passing over the rail, serve as stress raigers.
Stresses most often will oceur in thelr highest intensities at such surface discontinuities.
Further, there Is a natural propensity for the heat-affected layer of metal adjacent to a

toreh~cut surface to form thermal eracks upon the cooling of the metal, These thermal
cracks probably initiated the severe fracturing of the subject rail as Amtrak train No. 21
passed over it, 45 minutes te 1 hour after the torch cuts were made in the chrome-
vanadium alloy rail.

The severity of the fracturing of the chrome-vanadium alloy rail was noted to be
unique. The Safety Board believes that the severity of the fracturing mey have been due
to the very low fracture toughness of the rail. The low values established in the test
specimens of the involved rail, in the tensile and impact resistance tests, are indicative of
material possessing a low fracture toughness. Such material generally will have & greater
tendency to fracture in a brittle manner. Stated in fracture mechanics terms, for a given
flaw size, a material with lower elongation and impact resistance values can withstand
less stress before failure. The hydrogen content analysis of the rail documented low
levels of residual hydrogen, and the chemical analyses of the rail revealed no other
anomalies which would account for the low elongation and impact resistance levels. in
view of the absence of any specific agent responsible for the low test values, it appears
likely that the displayed brittleness of the failed rail may be a characteristic typical of
that category of alloy rail and that increased use of this type of rail may be expected to
be accompanied by an increased incidence of similar failures.

Rail failure {n a track curve or at a track switeh often will result in more severe
consequences than a rail faflure that occurs on a straight (tangent) track. In the case of a
track curve, the severe consequences are inereased by the centrifugal or outward forces
acting upon the equipment negotiating the track curve. In the case of a track switeh or
other special trackwork, the severe consequences are increased by the extra trackwork
appurtenances within the track gage which the equipment must negotiate. In either
event, the likely result is a more pronounced dispersal of equipment in the deraflment.




Moreover, the greater the extent of rail fracturing at such a location, with a concurrent
greater loss of fixed guldeway, the greater will be the potential for yet more pronounced
dispersal of equipment in the derailment. These factors were present in the accident at
Woodlawn and caused sn uncommonly severe and lengthv loss of the fixed guideway,
allowing the last three cars of the irain to overturn. The overturning of the last three
cars and the tilting of a car contributed significantly to the severity of injuries sustained
by the perscns onboard the train. The Safety Board believes that substantive researsh
into this potential problem of catastrophic rail failure is necessary in view of the
increased expected use of alloy rail in the industry. While chrome~vanadium alloy rail has
been in service in foreign railroad systems for a longer period of time than in United
States reflroad systems, the knowledge concerning the oharacteristics of such rafl
acquired abroad is not totally and directly applicable to the United States railroad system
because of differences in operational demands, including heavier axle loads in United
States operations as well as differences in maintenance procedures. The Safety Board
encourages the FRA to undertake the necessary research and provide the voordination
necessary to insure that the task force recommendations are implemented.

Survival Aspects

Although the precise moment the automatic air brake applied in emergency cannot
be determined relative to the overturning of the three rearmost cars, the combined affect
of the braking and skidding cars resulted in severe decelerative forces in the train. These
severe decelerative forces, along with the overturning of the three rearmost cars and the
tilting of the fourth rearmost car, resulted in unrestrained baggage and passengers being
thrown about inside the cars. All of the fatalities and serious injuries occurred in the four
rearmost cars. The Safety Board believes that had those rear cars remained upright and
in line, the casualty toll would have been greatly reduced. The bagguge and any other
items that hed been stowed in the open overhead racks became missiles when the cars
started to overturn, causing injuries to several of the passengers. If the overhead baggage
compartments had been equipped with baggage restraints capable of restraining the
stowed items, the injury toll might have been less.

As a result of an accident in Wilmington, Ilincis, in 1683, in which the investigation
revealed similar problems concerning the lack of baggage restraints, 13/ the Safety Board
issued Safety Recommendation R-84-40 on November 29, 1984, recornmending that
Amtrak:

Correct the identified design deficiencies in the interior features of
existing and new passenger carg, which can cause injurias in accidents,
including the baggage retention capabilities of overhead luggage racks,
inadequately secured seats, and inadeguately secured equipment in food
service cars.

Because of the recency of the recommendation, Amtrak has not yet replied.

The underside electrical components of five of the cars involved in the Woodlawn
accident were damaged. Although the lack of effective emeirgency lighting during the
evacuation process was not a factor in this accident, the Safety Board has noted the
problem of deficient emargency lighting systems in passenger cars in other investigations.

137 Railroad/Highway Accident Report—"Collision of Amtrak Passenger Train No. 301 on
[linois Central Gulf BRailroad with MM3 Terminals, Ine., Delivery Truck, Wilmington,
Nlinois, July 28, 1983" (NTSB/RHR-84/02).
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A3 a result of its investigation of the derailment of a pussenger train at Emerson, lowa in
1982, 14/ the Bafety Poard issued Safety Recommendation R-83-25 recommending that
Amtrak:

Evaluate and modify, as necessary, emergency lighting systems in
passenger-carrying cars to better protect the funetioning of emergency
lights in emergency situations.

Amtrak replied that, "the emergency lighting systems on Amtrak equipment are designed
to provide a minimum of two hours of acceptable illumination when the primary power
souree s interrupted. Protection is provided by battery power and the circuits are well
protected." The recornmendation Is currently in an "Open--Unacceptable Action” status.
As a result of the Wilmington accident, in which emergency lighting system damage was
found, the Safety Board iusued Safaty Recommendation R-84-42 recommending that
Amtrak:

Relocate the battery used in the emergency power system to an area of
the car where it is less susceptible to damage in an accident.

Because of the recency of the recommendation, Amtrak has not yet replied.

The circumsiances of the Wilmington and Woodlawn accidents demonstrate that the
batteries are not protected adequately to insure the availability of emergency lighting in
emergencey situations. The Safety Bosrd reiterates its concern that progress must be
made to remedy the problem of .nadequate emergency lighting in passenger-carrying rail
cars in emergency situations.

Evacuation of the cars which remained upright was not complicated by any noted
obstacles. Evacuation of the fourth car from the rear, which was tilting about 30 degrees,
was accomplished using the lower-level window emergency exits and the vestibule door on
the right side of the car, through which the car occupants stepped out of the leaning car
at or near ground level. Evacuation of the three rearmost ecars was seriously compliented
because the cars were overturned on their sides. Although rescue workers were able to
remove some of the injured from the rearmost car through the rear end door, most of the
occupants in that car and in the other two overturned cars had to be removed through the
emergency exits on the left sides of those cars. This involved manually lifting the more
seriously injured occupants up and out of the cars and assisting tho less seriously injured
and uninjured on ladders lowered into the cars.

The initial notification and response of the emergency response personnel wis
timaly and effective, as witnessed by the rapid evacuation of passengers and crew from
the accident site. The efforts of the emergency response personnel, however, were
needlessly hampered by the lack of a disaster contingency plan. Also, the lack of a
central dispatehing system and mutugl aid radio frequeney complicated the coordination
of the rescue ut: “ts among the 21 jurisdietions which responded to the sccident. Had
there been an efty. 'ive disaster contingency plan in place with a county-wide emergency
services dispatching system, a commander would have been designated for the emergency
response effort who would have been able to tailor the response to the needs of the

14/ Railroad Accident Report--"Derailment of Amtrak Train No. 5 (The San Pranecisco
Zephyr) on the Burlington Northern Raflroad, Emerson, Iowa, June 15, 1982" (NTSB/RAR~
83/02),
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aceident and better coordinate those efforts, Moreover, a centralized dispatehing system
probably would have reduced the on-scene congestion, mueh of it involving emergency
vehicles, which hampered the rescue efforts of the emergency personnel.

CONCLUSIONS

Findings

1.  The stated policy of the Missouri Pacific Railroad, as set forth in its ohief
engineer's instruetions, of not cutting rafl with a toreh except in an
emergency, was not, in fact, g working practice,

The stated policy of the Missouri Pacifie Railroad, as set forth in its chief
engineer's instructions, of imposing a 10-mph speed regtriction on rail eut with
& toreh, was not, in fact, 4 working practice.

The track repair crew did not ecomply with Federal Railroad Adminisiration
regulations requiring two treck bolts in each rail end in a track joint in
continuous-welded-rail on track in service,

The track inspector did not arrange for & signal maintainer to be present to
insure the integrity of the signal system, as required by Missourl Pacific rules,
at the track repair site which was within centralized traffic control territory.

The training given the maintenance-of-way department employees by the
Missouri Pacific Railrcad in its schools was deficient in insuring that the
employees were cognizant of the procedures applicable to theip positions.

Missouri Pacific Railroad management did not exercise effective direction and
monitoring of routine maintenance-of-way practices being used on a day-to-
day basis,

vailable;
that was said to be broken was used during track
reconstruction efforts jin mediately after the accident.

The use of a toreh to eut the rail at the site of the track repair introduced
flaws at or near the torch cut surfaces of the rafl, precipitating thermal
cracks in the rail,

The impaet forces imparted by the wheels of Amtrak train No. 21 traveling
72 mph onto the failed rail, which was approximately one-eighth of an inch
higher than its mating rail in the track Joint, probably were sufticient to causge
the cracks in the rail waeby the thermal aracks at the toreh-cut rail end
probably served as the erack origin,

The freight train that passed over the temporary track repair before Amftrak
train No. 21 probably successfully negotiated its passage only because of {ty
slower speed and lower resuitant Impact forees on the rail Jjoint,
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The fracturing of the chrome-vanadium alloy rail occurred under the passing
Amtrak train No. 21, but to the rear of the two lecomotive units and the
following baggage car.

There were no mechanicnl defects noted in the locomotive units or pussenger
cars of Amtrak train No. 21 which would have contributed to the aceident.

The severity of the fracturing of the chrome-vanadium alloy rail involved in
this aceident was noted to be uncommon and may have been due to a very low
fracture toughness of the rail.

Metallurgical testing of the chrome-vanadium alloy rail involved in this
accident did not disclose any specific agent rasponsible for the low test values
established for the alloy rail, indicating that the displayed brittleness of the
failed rail may be a charactoristic typical to that category of alloy rail.

The uncommon and catestrophic manner of rail fallure of the chrome-
vanadium alloy rail involved {n this accident contributed to the severity of the
accident.

Current methods of rall installation and maintenance may be inadequate for
certain high-strength alloy rail, such as chrome-vanadium alloy rail.

The anticipated increase in the use of alloy rail in the railroad industry due to
its improved wear characteristics necessitates that substantive research into
the potential of catastrophic rail failu - be accomplished quickly.

The Missonri Pacific Reilroad did not request any information on the need for
any specific installation and maintenance procedures for chrome-vanadium
alloy rail, even though the Missouri Pacific Railroad did not set forth
speeifications for ¢the rail when it was purchased.

Krupp-Stahl, the rail manufacturer, did not furnish the MP any specific
installation or maintenance procedures for the chrome-vanadium alloy rail.

Unrestrained items of baggage and other personal belongings that had been
stowed in opan overhead baggage racks caused injuries during the accident.

The tilting and overtuening of the four rearmost cars, combined with the
severe decelerative forces on the stopping train, increased the injury potential
and severity of damage in the accident.

Evacuaticn of the three rearmost cars was seriously complicated by the
overturning of those cars.

The initial notification and response of the emergenoy response personnel was
timely and effeative; however, the efforts of those personnel were needlessly
hampered by the lack of a disaster contingency plan.




Probable Cause

The National Transportation Safety Board determines that the probable cause of this
necident was torch-cutting a chrome-vanadiura alloy rail in 8 track curve while making a
tumporary track repair, precipitating thermal cracks that served asg the origin points for a
vatastrophic rail failure when a high-speed passenger train passed over. Contributing to
the accident was the failure of the Missouri Pacific Railroad to train its wnaintenance-of-
way department employees adequately in the requirements necessary to their positions,
and of its menagement to monitor adherence to its maintenance-of-way rules and
procedures and Federal regulations regarding minimum track safety standards.

RECOMMENDATIONS

As a result of this investigation, the National Transportation Safety Bosard
reiterated the following Safety Recommendations issued to the National Railroad
Passenger Corporation (Amtrak) on November 29, 1984:

Corract the identified design deficiencies in the interior features of
existing and new passenger cars, which can cause injuries in aceidents,
including the baggage retention capabilities of overhead luggage racks,
tnadequately secured seats, and inadequately secured equipment in food
service cars, (R-84-40)

Relocate the battery used in the emergency power system to an area of

the car where it is less susceptible to damage in an aceident. (R-84-42)

As a result of this investigation, the National Transportation Safety Board made the
following recommendations:

-=to the Missouri Pacifie Railroad:

Review and revise, where necessary, the currieulum and/or training and
testing procedu-es in its maintenance-of-way training schools to instruct
einployees in Its of the procedures and requirements related to their
positions, (Class II, Priority Action) (R~85-1)

Review and revise, where necessary, supervisory procedures for
monitoring adherence to Federal regulations regarding minimum track
safety standards and Missourl Pacific Raliroad maintenance-of-way rules
and procedures, (Class II, Priority Action) (R-85-2)

Arrange for metallurgical evaluations of the varlous heats of echrome-
vanadium alloy raji presently in track to establish specifie installation,
maintenance, and operating procedures for Missouri Pacific Railroad
:racks cgntainlnp; chrome-vanadium allcy rail. (Class II, Priority Action)
R~85-3

«=~t0 the Federal Ruilroad Administration:
Require that a maximum allowable operating speed not exceeding

10 mph be imposed on any railroad track having a torch-cut rafl end in a
bolted track joint. (Class II, Priority Action) (R--85-4)

TP T S DT P € fm oot
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In coordination with the Association of Ameriecan Railroads and its
membership, the American Railway Engineering Association, and the
American Short Line Railroad Association, develop a plan to implement
the long term recommendations made in the Transportation Systeme
Center Task Force Report-Raill Failure Evaluation, vis:

o An industry study should be undertaken to assess guality control
procedures to make certain that the manufacturing processes are
not introducing excessive residual stresses in the produet.
Particular attention should be paid to the study of roller-
straightening practices.

An industry study should be undertaken on the experimental
measurement of the fracture toughness of recent formulations of
alioy rail steel. Detalled information on fracture toughness and
fracture susceptibility, for ioading conditions characteristic of
normal train operations, would provide a rational basis for the
development of recommended procedures for alley rail installation
and maintenance.

An industry survey should be conducted to escertain current alloy
rail handling, installation, maintenance, and welding practices and
produce acceptab!: practice guidelines since alloy rail may be less
tolerant to other .ise similar practices than plain carben rail.

{Class 11, Priority Action} (R~85-5)

~-to Harrison County, Texast

Establish a centralized emergency services dispatching system, (Class Ii,
Priority Action) (R-85-6)

In ecordination with neighboring jurisdietions, develop and implement 2
mutual-aid agreement for responding to emergencies which provides for
the orderly dispatch of emergency service units in participating
jurisdietions on an "as needed” basii. (Class (I, Priority Action} (R-85-T)

-~to the Association of Ameriecan Railroads:

Inform 1ts mambership of the facts and cireumstances of the derailment
at Woodlawn, Texas, on November 12, 1983, and urge its member
railroads to Jjoin with the Federal Hallroad Administration in
implementing the long-term recommendations made in the
Transportation Systems Center Task Forece Report-Rail Fallure
Evaluation. {Class I, Priority Action) (R-85-8)

-~t0 the American Short Line Railrond Association:

inform its membership of the facts and circumstances of the derailment
at Woodlawn, Texas, on November 12, 1883, and urge its member
railroads to join with the Federal Railroad Administration in
implementing the long-term recommendations made in the
Transportation Systems Center Task Force Report-Rail Fallure
Evaluation. {Class I, Priority Actlon) (R~85~9)
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BY THE NATIONAL TRANSPORTATION SAFNTY BOARD

February 4, 1985

/st

/3/

/s/

JIM BURNETT
Chairman

PATRICIA A. GOLDM@_@!
Viece Chairman

G, H. PATRICK BURSLEY
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APPENDIXES

APPENDIX A
INVESTIGATION

The National Transportation Safety Board was notificd of the aceident at 1:4% p.m.
on November 12, 1983. The Safety Board immediately dispatched investigators from its
Washington, D.C., headquarters and from its Denver, Colorado, and Fort Worth, Texas,
field offices to the site.

Groups were formed to investigate the mechanical, operational, survival factors,
and track aspects of the aceident, The groups were corr:prised of personnel from Amtrak,
the Missouri Pacific Railroed, the Federal Railroad Admiuistration, and emergency
response personnel, and were headed by Safety Board investigators,

A formal deposition proceeding was held in Marshall, Texas, on March 6-7, 1984,
Sworn testimony of the facts of the accident was taken from 10 witnesses. Parties to the
proceeding were Amtrak, the Missourl Pacific Railroad, the Keupp-~Stahl Compeny, and
the Federal Railroad Administration.
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APPENDIX B
PERSONNEL INFORMA'TION

Roadmaster

The roadmaster was employed by the Missouri Pacific (MP) on September 10, 1973,
as a track laborer. He wag promoted to track foreman in September 1974, and promoted
to roadmaster on Decembey 1, 1976, He attended a 2-week MP supervisory school in 1941
and attended g welding seminar {n 1981, He was current on the MP rules and regulations
for the maintenaneemf-way and structures.

Track Inspector

The track inspector was first employed by the MP on November 7, 1969, as a track
laborer. He wag promoted to track forernan on February 13, 1971, and promoted to track
inspector on September 16, 1983, He attended gn MP track inspeetor sehool in
October 1982. He was tested on the MP rules and regulations for the maintenancc-of-way
and structures on August 16, 1982,

Welder

The welder was employed by the MP on May 19, 1977, as a track laborer,
attended an MP welder's school in 1979 and wag promoted to welder on Qatobap 18, 1979,

He was tested on the MP rules and regulations for the maintenance-of—way and structures
an January 28, 1982,

Track Foreman

The track foreman wag employed by the MP on March 25, 1963, as a track laborer,
He was promoted to assistant track foreman on September 15, 1987, and promoted to

track foreman on December 18, 1967. He was tested on the MP rules and regulations for
the maintenance-of-way and structures on August 24, 1982,

Track Laborer

The track laborer was employed by the MP on Mereh 3, 1852, as a track laborep, He

was not required to be tested on the MP rules and regulations for the malntenance-of—-way
and structures.
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APPENDIX C

EXCERPFTS OF
AMERICAN RAILWAY ENGINEERING ASSOCIATION
SPRCIFICATIONS FOR STEEL RAILS

AMERICAN RAILWAY ENGINEERING ASSOCIATION

Part 2
Specifications

S | M o Narre—

BPECIFICATIONS FOR STEEL RAILS

1970
{Reapproved with revisions 1979)

1. Scope

1.1 These specifications cover steel tee rails for use in railway track.

1.2 Supplementary requirements S1 through S4 shall apply only when specified
by the purchaser.
2. Manufacture

2.1 The stee! shall be made by any of the following processes: open hearth,
hasic oxygen, ov electric furnace.

2.2 The steol shall be cast by & continuous process, in hot topped ingots, or by
other methods agreed by purcheser and manufacturer.

2.3 Sufident discard shall be taken from the bloom or ingot lo insure frecdom
fiom injurious segrogation and pipe.
3. Chemical Composition

3.1 The chemical cowmnposition of the standurd rail steel, determined as pre-
scribed in 3.3 shall be within the following limits:

Weight Percent
Neminal Welght th/yd
80 to 1, 121 and over

e b o vt i

Carbon 0.67-0.80 0.70-0 82
Manganese 0.70-1.00 0.75-1.0%
Phosphorus, Max, 0.035 0.035
Sulfur, Mac«. 0.040 0.040
Stlcon 0.10-0.38

3.2 The chemical composition of alloy high strength rofl will be subject to
the ugreement of the purchaser and manufacturer,

3.3 Separate analysis shall be made from Jadle samples representing one of
the Brst three and one of the last three ingots or blooms fron each hest. Deter-
minations may be made chemically or spectiographically, Only the portion of the
heat which meets the conditions of 3.1 may he applicd.

3.4 Upon request by the purchaser, saniples shall be funished to verify the
analysis as determined in 3.3,

T oAb
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A=l AREA Manual for Railway Engintering

3.5 The fist analysis shall be recorded as the official heat analysis, but the
purchaser shall have sccess to all ladle nnalyses.
4. Hardoess Properties

4.1 Rails shall be rroduced as specified by the purchuser as one of two levels
within the following ¥mits:

Standard Roil  High Strength Roil

Brinel!l Hardness 248 minimum 321188

4.2 A Beioell hardoess test shall be performed on a rajl or a plece of rail at
least 0 inches long cut from & ral of each heat of steel.

421 The test shall be made on the side or top of the rail head, aftor de-
urized rnaterial has been removed, to permit an accurgte determination of
hardness,

4.22 The test shall otherwise be conducted in accordance with the American
Society for Testing and Materials (ASTM) Standard Methed of ‘Test for Brinoll
Hardness of Metallic Materdals E10 latest version.

4.3 If for heat treated ralls a test fals to meet the requirements of 4.1, the
rails may be retreated, at the option of the manufacturer, and such rails may be
retested in mecordance with 4.2,

8. Section

5.1 The section of the rails shall conforin 1o the design specified by the Bur-
chaser subject to the following tolerances on dimensions:

iy o

Inches ( Thoumhd!hc)
Piuy Minus

W5.1.1 height of ril (measured 1 ft from each end) .030 015

5.1.2 width of the rail head {measured 1 ft from

each end) 040 040
5.1.3 thickness of web 040 02¢ -
5.1.4 width of either flange 040 040
5.1.5 width of base 050 050

5.1.8 No variation will be wllowed in dimensions alfecting the Bt of the joint
bars, except that the Bshing templet may stond out not to exceed 1/16 in, laterally.

R

0. Branding and Stareping

€.1 Branding she)l be rolled iy raised charactess on the side of the web of
each rail & minimum of every 18 It in accordunce with the following reguirements:

6.1.1 The dats and order of atrangement of the branding shall be as shown
in the following typical brand, the design of letters and numerals to he optional
with the manufacturer.

1978
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4-2-3

132 RE CC Manufacturer 1077 44|
(Weight)  (Section) {Method of {Mill Brand) (Year {Month
Hydrogen Rotled) Rolled }
Elimination,
if indicated
in Brand)

e s e e L Lk e A S s 4t oty

6.2 The heat number, rail letter, ingot number, and method of Hydrogea Elimi-
nananohotlumpedhtothewebofuchnﬂaminlmumdwerylefton
the side opposite the brand.

62.1 The data and arrangement shall be as shown in the following typical
stamping. The height of the letters and pumerals shall be & inch,

267165 ABCDEFGH 12 BC

(Heat Number) (Rail Letter) (Ingot Number) { Method of
H

Elimination,

4 indicated

in stamping)

T e e e ekt 4 kb sl o et =i o St o

6.22 The top rail from each ingot ahall normally be hot stamped “A" und
mcceﬂhn‘ ones uBn. “C", an’ “E”. ﬂc‘. mmutivcly-

8.23 Ingots shall be numbered in the order cast,

6.24 Alternatively, each rail shall be identiied by hot stamping wing &
nunterical and/or alphabetical system or coding. The system employed shall be such
43 to ensble the hot stamp marking to be collated with:

—the position of the rail relative to the top of the ingot or bloom or continy.

ously cast strand

—any other identiication of the position of the rail within the cast, as agreed

between the purchaser and manufscturer.

7. Hydrogen Elimination
7.1 The rall shall be free from shatter cracks.
7.2 The above shall be accomplished by at least one of the following processes:
Control Cooling of Ralls {CC) {See Appendix 1)
Coutrol Cooling of Blooms (BC)
Vacuum Treated (VT)
Such other processes as will meet the conditions of 7.1 (OP)
7.3 The mill brand or stamp shall identify the process used by the initinls
in parenthesis shown in Section 7.2.
8. Resistauce to Impact
&1 Ratl produced by a continuous casting process is not subjest to this
requirement,
8.2 Resistance to impact shall be determined on a machine which conforins
to the requirements of the AREA “Specifications for a Drop Test Machine.”
8.3 Test Specimens.

8.3.1 Dvop tests shall be made on .est specimans of rail not less than 4 ft and
not more than 6 ft in length.

1979
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8.3.2 The test specimens shall be cut from the top of the top rail from one of
the Srst thres, one of the middle three and one of the last three ingots of each heat.

8.3.3 Temperstme of the test specimens shall not exceed 100°F.
8.4 Test Procedure,
8.4.1 The distance betwoen support shall be 3 ft for sectivns under 106 1bs.

For sections 106 to 140 lbs, it shall be 4 ft. For sections cver 140 lbs. it shall be
4 ft, 8 in,

8.4.2 The test specimens shall be placed head upwards on the suppoits and
subjected to one blow from the tup falling free from the following heights for rails
of the nominal weights indicated:

Weight per Yard Feet
Pound

90~100 19
101-120 20
121 and over 22

—— PR

8.9 Test Reguircments,

8.5.1 If all three specimens withstand the above drop test without breaking
between the supparts, all of the rails of the heat will be accepted subject to final
inspection for surface, section and finish.

8.5.2 If any specimen breaks in @ location other than between the supports,
the test shall be distegarded and a retest shall be taken from the top of the rail
invalved,

8.5.3 If one of the three specimens falls, subject to the requirements of 84.2,
all of the top ruils of the heat shall be rejected.

8.5.4 Specimens shall then be cut fromn the botton: end of the sarne top rails
or the top end of the “B” rails of the same ingots and tested subject to 84.2. If
any of these specimens fail, the *“B” rails of the heat shall be rejected.

8.5.5 Three additional specimens shall then be taken from the bottom end of the “B”
rajls o the top end of the “C" rails of the same ingots and tested subject to 8.4.2. If none of
these specimens fail, the balance of the heat shall be accepted subject to final inspection for
surface, section snd finish, If any of the specimens fail, the entire heat shall be rejected.

9. Interior Condition

9.1 A test piece representing the top end of the top rail of each ingot of each
heat rolled, which has passed the drop test requireisent of Section 8, shall be nicked
and broken. If the fracture on any test specimen exhibils seams, Jamipations, cavities,
evidenoe of injurious segregation, or interposed forelgn matter, the heat number
and ingot nwnber shall be recorded and the top end and bolt holes of the fnished
rail, so recorded, shall be closely examined for those defects, If the Baished nail is
clear of the above defects when presented for inspection, it shall be accepted as a
No. 1 or No. 2 rail, subject to the requirements of 10. If the Anlrhed rail shows
defects, it shall be broken or cut back to sound metal and accepted as a short rail,
subject to the mquirements of 10 and 11,

8.2 Short rails produced under this procedure shall be 2xcluded from consid-
eration in the lmitation of 11.2.

1981




Rail 4.2-4.1

9.3 0.1 and 02 may be waived if the purchaser requusts the applination of
Supplementary Requir:ment 5.2,

10. Surface ClassiScszion

10.1 Ralls free from sudace imperfections and Raws of ali kinds shall be classi-
fied No. 1 rails,

10.2 Rails which contain surface imperfections in such number or of such
character as will not, in the judgment of the purchaser’s inspector, render them
unﬂtfornnogxﬁzedumshallbenccepteduNo.zmﬂs.

10.3 No. 2 rails to the extent of 5 percent of the total tonuage shall be accepted
from each individual order.

il. Length
11.1 ‘The standerd length of rails shall be 30 ft when correctsd to & tempera-
ture of 80°¥,

11.2 Up to 9 percent of the total tonnage accepted from cach individual order
willbemooeptedinshomlensﬂuvarying by 1 ft from 1 f shorter than the
ordered length to 23 ft,

113 A varistion of 7/16 in. from the specified length will be permitted.

li.4 Standard length variations other than those set forth In 11.% and 11.3 may
be established by agreement between the purchaser and manufacturer in accordance

with Supplementary Requirement S4,

12. Drilling

12.1 The purchaser’s order shall specify the amount of right-hand-drilled
and left-hand-drilled rails, drilled-both-end rails and undrilled (blank) rails desired.
The right-hand or left-band end of the rail is determine? by facing the side of the
rail on which the brand (raised characters) appears,

12.1.1 When right-hand and left-hand drilling is specified, at least the minimum
quantity of each indicated by the purchaser will be supplied,

1212 Disposition of short-rails which accrue from left-hand-clrilled, righ-
hand-drilled, and undrilled {blank) rail production, and which are acoeptable in
accordance with 11.2 shall be established by agreement between the purchaser and
the manufacturer,

122 Circular holes for joint bolts shall be drilled to confonm to the drawings
snd dimensions furnished by the purchasor.

l!l.z.lAmhuonofnothhgundumdlllsin.war!ntheﬁuofthebolt
holes will be permitted,

IMBAvaﬂaﬂonof1/32h.inthelocuﬂonofthahohwiﬂhspomltted.

12.3 Fins and burrs at the cdges of bolt holes shali be eliminated. The drilling
process shali be controlled 30 as not to mechanically or metallurgically damage the
rail,

13. Workmanship

13.1 Rails shall be straightened cold in & press or roller machine to remove
twists, waves and kinks until they meet the surface and line requirements specified,
a3 determined by visual inspection.

13.2 When placed hesd up on a horizontal support, rafls that have ends higher
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than the middle will be scoepted, if they have a uniform surface upeweep, the
waximum ordinute of which does not excsed %X in. in 39 ft is iMustented in Fig. 1.

TOLERANCES FOR INSPECTION OF RAIL

390"

Fig. 1—SIDE ELEVATION OF RAIL
UNIFORM UPSWEEP TOLERANCE PER SECTION 13.2

13.3 The uniform surface upsweep at the rail ends shall not exceed s maximum
ordinate of 0.025 in. in 3 £ and the 0.025 in. murimum ordinate shall not oocur
at a point closer than 18 in, from the rail end as ilfustrated in Fig. 2.

Fig. 2--SIDE ELEVATION OF RAIL
UNIFORM UPSWEEP TOLERANCE AT RAIL ENDS PER SECTION 13.3

13.4 Surface downsweep and droop shall not be acoeptable.

13.5 Deviations of the lateral ( horizontal) line in either direction at the rafl
ends shall not exceed a maximum mid-ordinate of G030 in. in 3 ft using s straight
edge and of 0.023 at the end quarter-point as illusirated in Fig, 3.

13.8 When required, proof of compliance with 13.2 shall be deterrined by
string {wire) lining, and a straightedge and taper gauge shall be used to determine
rafl end surface and line characteristics specified in 13.3, 13.4, and 13.5.
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Fig. 3—TOP VIEW OF RAIL
LATERAL (HORIZONTAL; LINE TOLERANCE
AT RAIL ENDS PER SECTION 13.5

13.7 Rails shall be hot sawed, cold sawed, milled, abrasive wheel cut, or ground
to length, as speciied by purchaser, on purchase order, with a vadation i end
»uareness of not more than 1/32 in. allowed (3/84 for 140 sad over). The

method of end Saishing ralls shall he such that the rafl end shell not be metal-
lurgically or mechanically damaged.

13.8 Stamping shall be performed in such a manner that witt avoil stivngring 1o
s nominal depth of less than nominal 1/16 in,

14. Acceptancs

14.1 To be accepted, the ralls offered must fulfl) all the requiresnents of these
specifications.

142 Only A-talls produced on the purchaser’s order will be accepted.

18, Markings

18.1 High-strength rails shall be marked by either o inetal plate permusently
attached to the neutral axis, hot stamped, or ix the brand which glves the manu-
fucturer, typs and/or method of treatment. Hest treated shali be print.marked
orange and alloy rall shell be paint-marked aluminum.

15.2 No. 2 rails shall be paint-marked white.
15.3 “A” rails shall be paint-marked yellow.
15.4 No. 1 rails Jess than 30 ft long shall be paint-msrked green.

18.5 Individual rafls shall be paint-marked only one color, according to the
order listed above.

15.6 Print markings will appear on the to of the head at one end only, at
least 3 ft. from ths end.

16. Loading
16.1 Rails shall be handled carefully to avoid damage and shall be loaded in

separate cars, with the branding on all ralls facing the same direction, according
to the marking, escept when the number of rails in a shipment is fsufBojent to

pemit separate loading.
1981
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AREA Manua) for Railway Engineering

SUPPLLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by
the purchaser in the inquiry, order and contract.

S1. End Hardening

S1.1 The drilled ends may be specified to be end hardened, When so specified,
end hardening wing shall be in accordance with S1.1.1 through $1.1.7.

§1.1.1 End-hardened rajls ey be hot stamped with letters CH in the web of
the rail ahead of the beat number,

5112 Water shall not be ued o5 a qQuenching medium except in oil-water
or palymer-water emulsion process approved by the purchaser.

5{13 Longitudinal and transverse sections showing the typical distribution
of the hardness pattern produced by any proposed precess shall, upon request of
purchaser, be submitied to the purchaser for approval hefove production on the
contyact is started,

8t a spot on the centerline of the head ¥ in.
all show a Brine]l bardness number range of 243
been removed. A repart of hardness deter.

be given to the purchaser or his repre-
tentative,

S1.1.8 The manufacturer reserves the right to retreat any ralls which fail to
meet the required Brinel bardness number range,

SLLT Chamlering raj} ends shall be done in such a manner as will avold
formation of grinding cracks,

$2. Ultrosonie Testing

S2.} Thy rail may be specified to be ulteasonically tested for internal imperfe:..
vions and pipe by the purchaser or manufacturer,

83. Calibration and Operatinn of Instruments

a. The instrumen
purchaser,

b. Transducer or sensor shall be stendard dual tranisducer of & Mz anceptable
to purchaser.

¢. Test block shall be of purchaser’s chotce with the following characteristics:
Matarial 4340 AjSI Stoel/Nickel Plate, nanufactured in accordance with ASTM E
107-64. Dimension of tegt block and 8at bottom hole shall also ba of purchaser'’s
c}iolos.

d. Calibration of instrument shall be performed every 30 minutes,

o.Whmaumhtuﬁthmlrcouphd&ohttblockﬂmbofnﬂ,um
%ﬂm?«ﬂdmﬂfwﬂ%whdmuhwlhyhh
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f. Couplant shall be distribueed ver the siea to be examined and sesrch unit
moved over the entire area in vertical or horizontal sweeps, Any indication abov
the initial trace line between the Inital impube and the back reflection will b
regarded as a flaw, fchion or void and shal) be reason for rejection

S4. Standard Length Varlations

54.1 Rails may be furnisked in miscellaneus lengths between the 1 ft incre-
ments established in 11.2, Rails may be upplied in the maximum length at which
ends can be prope.dy prepaved.

54.2 Under the arrangement of S4.1 the provisions of 11.3 shall be vaived fur
other than the 39 ft length. Lengths 38 ft and wndes shall be considered a5 showts
and subject to the specified limitations,

APPENDIX 1

Inasmuch as the vonirolled vooling of rals has proved a successful method for
the elimination of hydrogen, the following procedure is presented as one whic',
will weet the requirements of Section 7.1.

1. All ralls shall be covled on the hot beds or runways unti! the temperatu;c
is between 1000 and 725 deg ¥ and then charged inimediately into the contidi:-,

2. The temperature of tho rails before charging shall be determined at the head
of the rail at Jenst 12 in, from the and.

3 The cover shall be placed on ths coutalner inmediately after completion
of the charge and shall remain in place for nt least 10 hours. After removal or rufsine
of the lid of the container, no rail shall be removed until the tesmperature of the top
luyer of ralls has fallen to 306 deg F or lower.

4. The temperature of an outside rall or between an outside rail and the
udjacent rail in the botton tier of the coutalner, at a Jocation not less than 12
in. nor more than 38 In. from the rail end, shall be recorded. This temperatase
shall be the control for judgiag raty of oooling,

8. The container shull be so protected and isulated that the control tempera-
ture shall not drop below 300 deg ¥ in 7 hours for ralls 100 1o per yd in weight
or heavier, from: the time that the bottom Her is placed in the container, and 3
hours for rails of less than 100 Ib per yd in ‘weight, If this cooling requirement i
not met, the rails shall be considered control-cocled, provided that the tempetutus
at & location not less than 12 in. from the end of a rail at approximately the
center of the middle tier does not drop below 300 deg F in less than 15 hours,

6. The purchaser shall be furnished « complele record of the process for cadl,
container of rails,

N B L
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APPENDIX D

MISSCURI PACIFIC RAILROAD
PURCHASE ORDER
FOR CHROME-VANADIUM RAIL

e IO N, Lo f3GH LY , )
v W1, LOUIS, MISSOUR] 6103 ‘ P e s
- Pagﬂ 1 Ot 2. AREA, CCibe 314-0!2-01'3 B IPPING WO ICES Anp (LA R T DT
: PURCHASE ORDER NympEn I3
10318 - 1/6/81
vinoa coor TERROSTAAL CORPORATION

&0 CALIFPORNIA 8T §310% TINE OROEN GIVEN FIRSUANY Yo Tinus an
EAN FRANCISCO, CA 94111 BI0E A% WELL A8 Sr et N THE AEve

SN SRPURL T ALCOUT g
gzgscmnx PACIFIC RAILROAD COMPANY 5. LoUrS, At i 4y
LONE 4, TRACK 14 o CYPRESS YARD ’
MOUTE Via ms"s CI“,. MO 8"” MTEHMI. . SHOW THIS NUMBER O; ALL WYOIES AND PACK IV G
NOT LATER THAN il'i:'!':l_“..u. .

SUANTIYY DEECHIPYION fij

423,52#
uw
orx
9,600
1, PARAGRAPE 10 = SURFACE CLAS
PARAGRAPH 1), « SHORT RAILS

7O B LOADED BASE Doxu AND HEAD Up,
SUPPLIER TO ADVISE THE FOLLOWING

1} BTATE THE CASTING PROCEDURE TO BE
USED IN MANUFACTURE OF THE RAILS .

%) STATE THE CAEMICAL COMPOSITION OF
THE STEEL,

3) BTATE IF

e SHIT MATERIAL NOT LATER THAN o NP QUANTITY DRAMS W T ety

£-T ¥
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’

GCONDITIONS AR BEY FORTH ON THE RiVERS
FIOL Al WELL All THE #RONT MERLOS.

REINDER RACH INYRIGE IN YINPLICATE 1O
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MIANTITY REBCRIPTION . PRIGT "o

STATE METHOD TO BE USED FYOR
BYDROGEN ELIMINATION AS DEFIMED
I¥ PARKGRAPK 7 = BYDROGEN
BLIMINATION,

PRIGE IS PIRM IMOR THIS SHIPMENT DATE
ONLY. SHIPMENT TC¢ ARMIVE IN Deceomber
1981 WITH PAUMENT XN JANUARY, 1842,
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ey

w
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APPENDIX B

NATIONAL BUREAU OF STANDARDS
TEST REPORT

September 5, 1984

Memorandum Report to Dr. Carol A, Roberts
Chief, Laboratory Services Division
National Transportation Sar'ety Board

. Washington, D.C. 20594
7S Ay Byt '

From: T, Robert Shives
Fracture and Deformation Division
Center for Materials Sclence
National Bureau of Standards
Gaithersburg, Maryland 20899

Subject: Results of tensile tests, Charpy V-notch impact tests, chemical
analysis, and Brinell hardness tests of high strength prail
involved in a a derailment of Amtrak Train Number 21 whien
ovurred in Woodlawn, Texas, on November 12, 1983,

In a letter dated April 9, 1984, the National Transportation Safety Board
(NTSB) requested the National Bureau of Standards Fracture and Deformation
Divisien to perform tensile tests, Charpy V-noteh impact tests, Brinell
hardness teats, and a chemical analysis, including hydrogen, on a high
strength rall invelved in the derailment of Amtrak Train Number 21,
Specimen type, location, orientation, and designat’on was done by Mr. J.
Wildey of the NTSB. The tensile and haridnes:s survey ipecimena were takan

from the railhead. The Charpy and chemistry specimend®ware taken from the
web plate. The loocations in the rail from which the specimens were taken
are shown in Figure 1,

Three tensile specimens were machined in

E8~82 for standard 0.500 inch round tensi

gage length. The tensile specimens were on a Satec System 25000 Kg
capacity testing machine. To record strain, an LVDT extensometer was
attached to each specimen and after yield, the extensometer was removed.
Cross-head speed was maintained at 0.040 in/min throughout the test., The
tensile test results apre given i{n Table 1,

The Charpy v-notch impact specimens were machined and tested in aoccordance
With ASTM Designation £23-82, Tests were run on a 264 ft-1b ocapacity
Tinfus-Olson impaot machine at temperatures of HO°F, S0°F, ang 60°F,
These test temperatures were chosen by NTSB, The Charpy V~notch impact
test results results are given in Table 2.

A Brinell hardness Survey was done on the side of the railhead, After
surface grinding to a flat and parallel surface Brinell hardness indenta~
tions were taken. The results are shown in Table 3, |




a.-.u»h‘.'g.ﬂusuu'rhmwvﬂhmﬁ.i-}m-.4—--—».&».4- - -

L W e bt o 1 G

APPENDIX E

A sample from the web of rail was analyzed for chemical composition by a
commeorcial laboratory. The sample was analyzsd for Cr, Si, Mn, V, Mo, C,
Ni, S and P as requested by NTSB. 1In additicn NTSB requested a hydrogen
analysis, The hydrogen analysis was performed at NBS on arean taken from
three other samples selected by NTSB. The results of these analyses are
given in Table 4,
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Table 1, Results of Tension Tests

Ult{mate Tensile Yield Strength! Elongation®, § Reduotison3
Speoimen Strength!, psi 0.2% offset, psi in 2_inohes of Areu %

! 173,000 115,000 7.0
2 174,000 114,000 .0
3 171,000 106,000 2

Values given to the nearest 1000 Psi in accordance with ASTM Designa-

tion E8-82,

Values given to the nearest 0.2% in accordanne with ASTM Designation

E8'82.

Values given to the nearest 0,5¢ in acoordance with ASTM Designation

EB"S&.

Table 2, Results of Charpy V=Noteh Impact Tests

Test En. Absorbed ¥ shear
Spaoimen Temperature °f Ft~1b Fracture

1 59.7 S 0
2 49,7 5 0
3 39.4 25 0

Lateral
Expansion, inch

Leas than ,001
Less than ,001
Less than .001
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Table 3. Results of Brinell Hardness Tests

Readings Diameter Brinell
mm Hardness

LR
347
345
345

y

Average of two values

Table U, Results of Chemical Analysis

Element Wegght Percent

Carbon, C 0.80
Manganese, Mn 1.10
Phosphorus, P 0.011
Sulfur, S 0.019
Silicon, Si 0.59
Nickel, Ni .02
Chromium, Cr 0.89
Molybdenum, Mo 0.01
Vanadium, V 0.042
Copper, Cu 0.03

Hydrogen, H {(total ppm)
Sample: Run 2
1 0.07
C3 ‘ 0.16
Cl : 0.98

+ i
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Figure 1. Location of test s
- (a) view showin
impact, and chem

(b) location of

pecimens in rail,

g the location of hardness, tensile,
istry (general) specimens, -

specimens used for hydrogen analysis,
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APPENDIX P

BURLINGTON NORTHERN RAILROAD
TEST REPORT

Mr. Jerry R. Masters

Chief Engineer-Maintenance
Burlington Northern Ratlroac Company
9401 Indian Creek Parkway

Ovarland Park, Kansas 66210

Dear M, Masters:

This letter 1s to confirm our conversation of July 12, 1984. The
Safety Board {s 1nvesti?at1ng the derailment of Amtrak train No. 21 on
the Missourt Pacific Railroad at Woodlawn, Texas, on November 12, 1983.
The accident resulted in 4 passenger fatalities and 72 fnjurfes, and
damage 1s estimated to exceed $2,250,000. As 2 result of this accident,
on April 20, 1984, the Safety Board {ssued reconmendation R-84-20 to
member raflroadi of the Associatfon of American Railroads, relative to
high-strength alloy rafl, including chrome-vanadium alloy rail. A copy
of R-84-20 §s attached for your information.

As noted durin? our conversation, it has come to the Safety Board's
n

attention that Burlington Northern (BN) had acquired a quantity of rafl
for test purposes, stmtlar to the rafl 1nvolved ¢n the Amtrak/Missouri
Pacific accident of November 12, 1983. Further, it has come to the
Safety Board's attention that in or about January of 1984, during test
welding procedures being conducted un that chrome-vanadium alloy raf}
reportedly at the BN rail welding facility at Laurel, Montana, a portion
of said rail approximately 75 to 78 feet in length was accidently dropped
from a height of a few feet, resulting tn a breakup of virtually the
entire length of the ruil,

Dus to the apparent simflarities of the fracture characteristics of
the rall involved in the November 12, 1983 accident and of the rafi)
fnvolved 1n the test weld procedure incident in or about January 1984,
the Safety Board deems 1t advisable to request from the BN the following
:nf?;:a:ion concerning 1ts rail involved in the test weld procedure

ncident:

1. A statement of the detatls fnvolving the manner #n which
the test welds were being performed, and of the {ncident

of the ratl breakage.

2. The specifications that were tendered to the manufacturer
of the rafl,
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3. A statement of weight and section of the rafl; the branding
and stamping {nformatfon; and the manufacturer,

The method of rat} strafgﬁtening employed by the manufacturer.
The method of hydrogen elimination enployed by the manufacturer.

A statement of any recommendations furnisghed by the manufacturer

re¥?rd1ng any special handling procedures for the chrome-vanadium
ra a

The results of any and ail tests performed on the rafl broken

in the mentioned test weld procedure incident, including copies
of photographs of the rafl.

Your cooperation in this matter is appreciated. If you have any

uestions concerning this matier, please feel free to contact me at
?202) 382-6846.

Sincerely,

<

Willtam G. Zielinski
!nwestiyator-ln-charge

Docket No. DCA-84-RM-002

T Rk o R P T
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= ? BURLINGTON NORTHERN RAILROAD

OPERATIONS DEPARTMENT

9401 Indian Creek Pkwy,
Overiand Park, Kansas 66210
Telaphone {913} 661-4100

Mr., William G, Zielinskid July 23, 1984
National Transportation Safety Board

800 Independence Avenue SW

Washington, DC 20594

Dear Mr. Zielinski:

SUBJECT: Chrome - Vanadium Alloy Rafl

Reference to your Tetter of July 13, concerning the derailment
involving an Amtrak train at Woodlawn, Texas, on November 12, 1983,
and requesting certain information on chreme-vanadium alloy rail,
which has been test welded by the Buriington Northern Railroad.

Following is the information requested:

1.  On December 6, 1983, test welding was performed on
chrome-vanadium rail to determine the optimum weld procedures
for this particular type rail, The test weld procedure included
the flash butt welding of two pieces of blank end rail and torch
cutting back approximately three to four feet on either side of
the completed weld. The two rail were then turned end for end,
and a second test weld was performed an the opposite blank ends
of the rail. Torch cuts were again made approximately three to
four feet back on either side of the completed weld, and the
remaining two pieces of rail (torch cut on both ends) were
classified as scrap, The incident which involved the breakup of
a piece of the chrome-vanadium rail occurred after the welding
and torch cutting process was completed and the rail fell from
the crane magnet a height of about six feet onto another rail
pile. The ambient temperature was approximately ~12 degrees F,
at the time of the incident.

?g;l to comply with the AREA specifications covering rail, dated
9.

132#, RE-VT-Thyssen, 1983, September, AL, 449-D-39,

Roller straightening process.
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Mr. William G. Zielinski
July 23, 1984
Page 2

Vacuum-treated,

No ?pecial handling procedures for handling the chrome-vanadium
rail,

Attached Test Report D-1315, dated March 9, 1984.

If we can be of any further assistance, please advise.

Sincerely,

. /., («, /_'W»A,,é?/(..l{f")\/"
L. F. Woodlock
Asst. Vice President Engineering

File: 81617
Attachment
3435/312384073684F17

AR ﬁ?’-‘“fﬁi"ﬂ-i ‘.',\\*;:_-;Lig-*-};$; i _-‘,‘F SRR R A
| .




ol S I LA ABE B VT S ok I i i ol At # it ke -

APPENDIX F

NGTON Burington Northern Railroad Compearty
NORTHERN RESEARCH & DEVELOPMENT DEPARTMENT UPON FUTURE REFERENCE
REFER TO REPORY NLMBER

Materlol ALLOY RAIL Tost Report No. .. D=1313
Manutacturer Thyssen Addrens —.
Purchase Order Na, Sewcification
Date Sample Submitted - Date Sampls Receivedt

Broken pieces of an alloy rail were received at Springfield Laboi'atory
February 13, 1984 for feaflure analysis. The rail was a CrMn8iv, 132 1b.
manufactured by Thysaen of Germany. The rail broke through the web when
it fell olf the crane magnet, from a helght of six feet onto a raill pile,
The incident happened on a cold day with a reported temperature of -12°F,
to -18°F. Rail identificetion was reported as 7132 RE-VT~Thyssen-1983
September—-AlL 449..D-39, Photograph G-5578 shows fracture surface of the
falled piecos.

Laboratory Examination

1. Visual Inspection - Both pleces received at Springfield and a plece
that was sent to G. W, Johnson at St., Paul were visuanlly inspected. All
fracture surfacez indicate a sudden dbrsak. The tourch cut end wns not
sent for analysis therefore we are not certain whether or not there was
a relationship betweer the torch cut area and the fracture.

d. Chemical Analysis - Except slightly high carbon content the chemisiry

of the raill steel is normal, 8ilicon content is in the higher limit of

the specificat.ion. The analysis is shown below:
CArboNuecmmwwmanmemnnmueems (), 834%
Manganestemmenecmnnenmmunes 1,071
PHOSPhOrUBe—wrrcmmncccnmese (3,024
Sulfurerecrcnccuncrensacccs 3,043
SllicoNmanumnnnvnnaanenmee= §, 925
Chromiumeame. e 1,109
Vanadiulernurvacmecneenmees (), 408

Brinell Hardness Numbers - Hardness numbers had very uniform distridbution
with an average of 34 (BHN).

Cause of Fallure

The failure is attributed to the expected low toughness of the alloy
rail stesl, With high strength alloy rails it is necessary to avoid any
impact stresses during 1&3?1 ;g. especially in cold temperajure which

EE I * L-.__'_ .;) 7f e ,"
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Material Date " Manager, Soringtidid | sboratory
fORM 1038 $.02 Printed in U, B M
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W RUINGTON
HORTHERN
z HARAOAD

Test Report, No. . D=1318
Meweriel __ ALLOY pA,

has adverse effects on tahe impact strength of the rail,
alloy rail even with no obvious failure muat be rejected.

cutting of the .tnoglnﬂ.a Bunst be avoided since chance of crack
initiation {s very high upon sooling.

FORM B1088 841
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Protormanh C-S878
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Section of *roken Thyssen alloy =ail which shattered when drovped a8t aurel weldiwn
plant during sub zero Temperatures.






