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EXECUTIVE S U M M A R Y

The H eavy  A xle  Load (HAL) Turnout and Frog Performance Tests are being conducted 

at the Facility for Accelerated Service Testing (FAST), Transportation Test Center, Pueblo, 

Colorado, as tw o separate investigations: performance testing of the tw o N o. 20 and two 

N o. 10 turnouts located on the FA ST/H igh Tonnage Loop (turnout perform ance test), and 

testing o f five isolated frogs installed in tangent track of the "frog farm" (frog perform ance 

test). Results indicated that rapid degradation can be expected from  k ey  turnout com­

ponents m anufactured w ith  non-prem ium  materials w hen exposed to 39-ton axle loads. 

The service life of standard material components is h ighly dependent on the maintenance 

and repair effort afforded them. H ow ever, the service life of prem ium  materials appears 

to be at least tw ice as long as the standard components w ith significantly less maintenance 

requirem ents.

The objective of the F A ST /H A L  Turnout and Frog Performance Tests w as to deter­

m ine the effects o f operating 39-ton axle loads on turnout and turnout com ponent per­

form ance.

D uring the initial 60 M GT each turnout w as in service, the prem ium  turnout required 

77 percent less maintenance effort than the standard turnout. Three N o. 20 standard rail 

bound m anganese frogs w ere rem oved from  service in less than 100 M G T due to fatigue 

o f the cast m anganese steel inserts. The service life of standard rail sw itch points and stock 

rails w as also less than 100 M GT. Three identical w in g rail failures w ere recorded on tw o 

of the N o. 10 frogs on the HTL.

The A R E A  frogs in  the Frog Performance Test exhibited m etal flo w  along the frog 

point w hile  the European vee-nose frogs exhibited crushing of the w in g  rails. Other test 

results show ed that the standard A R E A  frog w as only able to w ithstand 48 M GT and w as 

rem oved from  test due to fatigue failure of the casting. A  w in g  rail on one of the prem ium  

A R E A  frogs failed at 13 M GT and w as replaced. Other than the w in g  rail, none of the 

prem ium  A R E A  or vee-nose frogs required major maintenance.

Labor hours required to maintain a standard and prem ium  com ponent N o. 20 turnout, 

installed at the same location, w ere compared for the first 60 M G T of traffic over each 

turnout. Both turnouts w ere prim arily subjected to facing point traffic due to the single 

direction operation of the H A L  train during the reporting period. A t 100 M G T, the original 

turnout, w h ich  w as constructed of standard material com ponents, w as rem oved due to
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The increased m aintenance dem and of the standard turnout w as due to h eavy repairs 

o f cracked sw itch points and repeated maintenance grinding of points, stock rails, and 

frog. M aintenance perform ed on the prem ium  turnout w as lim ited to routine grinding of 

the m anganese insert.

The three N o. 20 rail bound m anganese frogs consisted of standard carbon 300 Brinell 

hardness (Bhn) w in g  and heel rails and non-hardened m anganese steel castings. In each 

case, the fatigue crack originated at an inclusion in the casting. In addition to the casting 

failures, tw o of the three frogs also exhibited significant degradation o f the w in g  and heel 

rails, including severe m etal flow , gage com er spalling, head checking, and surface cor­

rugation at the time of their rem oval. The service life of prem ium  frogs, i.e., frogs w ith 

head hardened, fu lly  heat treated, or alloy rails and explosion depth hardened castings, 

are still under investigation and haven 't been determined. H ow ever, perform ance of the 

prem ium  frogs after 60 M G T of 39-ton axle load traffic w ou ld  indicate that, under identical 

operating and maintenance conditions, their service life w ill be significantly longer than 

the standard m aterial frogs.

Fatigue cracks developed on three 300 Bhn switch points in less than 50 M GT. The 

cracks w ere caused b y  m etal flo w  on the stock rail resulting in a poor fit of the point against 

the stock rail, a condition w hich occurred despite frequent grinding o f the switch. The 

cracks w ere repaired in-track and the points remained in  service until 100 M GT. A s w ith 

the frogs, the perform ance of a prem ium  switch of fu lly  heat treated rail and thick w eb 

design points, indicates a life of at least 200 plus M GT w ith  considerably less maintenance 

than required for the standard switches.

The w in g  rail failures w ere com plete fractures of the w in g  rails at the bolt hole located 

just ahead of the casting throat and in  the center of w here the w in g  rail is bent to fit around 

the frog insert. A nalysis indicated that, in all three instances, the cracks originated at the 

edge of a bolt hole on the gage side o f the rail. The surface of the rail w eb  at the origin of 

all cracks w o u ld  presum ably be in tension from  the bend. A nalysis of the failures show ed 

the cause to be stress risers from  sharp bolt hole edges indicating insufficient or ineffective 

cham fering o f the holes during the m anufacturing process. H ow ever, since the rails w ere 

produced b y  tw o different suppliers over a 3-year period, the apparent cham fering defi­

ciency is not an isolated condition. The cracks also occurred in a high im pact location 

w here the w heel transfers from  the w in g  rail to the m anganese insert. The im pact loads,

general deterioration of the rail running surface and replaced with a turnout of premium
components. The premium component turnout, after 60 MGT of HAL traffic, showed no
obvious defects.
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sharp bolt hole edges, and residual stresses in the rail from  bending com bined to produce 

the cracks. Similar fractures w ere not noted during the 1>000 M G T generated during the 

33-ton axle load phase.

The five frogs in the frog farm  included three A R E A  rail bound m anganese frogs and 

tw o European vee-nose frogs. Tw o o f the A R E A  frogs w ere m ade o f prem ium  materials 

including fu lly  heat treated rail and extra clean explosive depth hardenend castings. The 

other A R E A  frog w as m ade of standard rail and an unhardened casting. Both o f the 

vee-nose frogs consist o f prem ium  m aterials, w ith  the point of one being fabricated alloy 

steel, and the other being an explosive depth hardened m anganese steel casting. The 

European design includes a m ore gradual transition from  the w in g  rail to the frog point 

than the A R E A  design.
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INTRODUCTION

The turnout is one o f the m ost maintenance intensive elements of the track structure and 

w ill be affected, perhaps significantly, b y  an increase in  nom inal axle loads. The original 

intent of the Facility for Accelerated Service Testing (FAST) H eavy A xle  Load (HAL) 

turnout experim ent w a s to monitor turnout perform ance under 39-ton axle loads. 

H ow ever, after m eeting w ith  an ad-hoc committee com posed of railroad and supplier 

representatives, it w as decided to increase the scope of the experim ent to include not only 

turnout perform ance in  general, but also to determine perform ance and service life of 

various frog designs under 39-ton axle loads. The 2.7 m ile length of the FAST H igh Tonnage 

Loop (HTL), located at the Transportation Test Center (TTC), Pueblo, Colorado, is pre­

dom inantly curved  w h ich  realistically allows only four turnouts; therefore, it w as decided 

to install a series of isolated frogs (frogs w ithout turnouts) in a "frog farm" arrangem ent 

to m axim ize the num ber of samples in test. The F A ST /H A L  turnout experim ent has thus 

evolved  as tw o distinct investigations: (1) a turnout test in w hich  the perform ance of N o. 

20 turnouts of dissim ilar com ponent and geom etry designs are m onitored arid com pared, 

and (2) a fro g  perform ance test in w hich the service life of a variety of frogs is determ ined. 

The end result in  both cases is qualification of 39-ton axle load effects on special trackwork.

Tonnage d uring the test w as generated b y a 65-85 car train w ith  39-ton axle load 

equipm ent. The consist also contained some 33-ton axle load cars; how ever, they never 

exceeded 10 percent of the overall consist length. Typical operating conditions w ere as 

follows: (Also see A p p en d ix  A  for more information about FAST.)

- Forty m ph average train speed.

- U nidirectional (counterclockwise direction) operation 90 percent 

o f the time.

- Rail lubrication applied to the outside rail of the loop w ith 

w aysid e  lubricators.

- N o  dynam ic braking and train brakes applied only w hen stopping 

the consist.

Part one o f this report describes results of the turnout test and part tw o describes the 

results of the frog perform ance test. The reporting period is the initial 160 m illion gross 

tons (MGT) o f tonnage accum ulation during the F A ST /H A L  program . M any of the test 

com ponents described in  this report w ill continue in test beyond 160 M GT.
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PART I: TURNOUT PERFORMANCE EXPERIMENT

1.0 OBJECTIVE

The experim ent objective is to docum ent the perform ance of turnouts on the FAST/H TL 

under 39-ton axle loads. O f principal interest is the service life and maintenance 

requirem ents of turnout com ponents, including components of standard and prem ium  

materials.

Determ ination of turnout perform ance w as based on quantitative and em pirical data, 

including:

- D ynam ic w heel/rail forces in  the turnouts as m easured

w ith  instrumented w h eel sets.

- V isual inspection of com ponent condition

- M aintenance dem and

2.0 DESCRIPTION OF THE TEST ENVIRONMENT AND COMPONENTS

The H TL contains four turnouts -- tw o N o. 10 turnouts, w hich connect the H TL w ith FAST 

and the Railroad Test Track (RTT), and tw o N o. 20 turnouts, w hich  are located at each end 

of a sid ing kn ow n as the Bypass Track. The tw o N o. 20 turnouts are considered to be the 

prim ary test turnouts, although com ponent failures and m aintenance are docum ented on 

all four turnouts. The location of each turnout on the H TL is show n in  Figure 1. A s 

indicated in the figure, each turnout w as subject to either facing or trailing point traffic 

due to the predom inantly single direction operation of the H A L  train.

The facing point N o. 20 turnout w a s installed n ew  at the beginning of H A L  testing, 

w hile  the trailing point N o. 20 had been in the H TL for 160 M G T of 33-ton axle load service 

and w as relocated at the start of the program . The N o. 10 turnouts w ere installed early in 

the FAST program  during the 33-ton axle load phase and w ere rebuilt several times over 

the course of 33-ton axle load testing. N either of the N o. 10 turnouts w as upgraded at the 

start o f H A L  testing.
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Figure 1. Location o f Turnouts on the H igh  T onnage Loop

A t 100 M G T, the N o. 20 facing point turnout, w hich  w as constructed of standard 

material com ponents, w as rem oved and replaced w ith a turnout of prem ium  components. 

This turnout w as pre-assem bled b y  Bethlehem Steel Corporation at the Steelton plant and 

shipped to TTC  in  five panels. The panels w ere installed and the rail at each panel junction 

w as thermite w eld ed  to form  a com pletely w elded rail turnout. The prem ium  com ponent 

turnout has accum ulated 60 M GT of H A L  traffic. The standard com ponent N o. 20 turnout 

at die other end of the Bypass Track remained in service throughout the 160 M G T test 

period w ith  failed  com ponents replaced as needed.

O f the 160 M G T  o f H A L  traffic to pass over the turnouts, 51 M GT, or 32 percent, has 

been on the d ivergin g side of the No. 20 turnouts. The train operates through the diverging 

side of the N o. 20 turnouts at the normal FAST operating speed of 40 mph. Table 1 describes 

each turnout in track during the H A L  program.
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T able  1. D escription  o f H TL Turnouts

NO. FACING/
TRAILING

POINT

FROG TYPE SWITCH FASTENERS HAL
TONNAGE

(MGT)

20 Fadng RBM thin wall 
w/300 HB wing and heel 

rails
hook twin tie plates 

15' Bolted Tee Rail Guard 
Rails

39' curved Samson 
w/1.25" reinforcing 300 
HB rail graduated risers

Cut spike 100*

20 Facing RBM explosion hardened 
w/fully heat treated wing 

and heel rails frog and 
gage plates

50'11" thick-web fully 
heat treated rail uniform 

risers

Pandrol E clip 60

20 Trailing RBM heavy wall w/300 
HB wing and heel rails 
hook twin tie plates 23' 

Hook Flange Guard Rails

39' curved Samson 
w/1.25" reinforcing 300 
HB rail graduated risers

Cut spike 160**

10 Facing RBM heavy wall w/300 
HB wing and heel rails 

hook twin tie plates

16'6" straight w/1.25" 
reinforcing 300 HB rail 

graduated risers

Cut spike 160**

10 Trailing RBM heavy wall 
w/300 HB wing and heel 

rails
hook twin tie plates

16'6" straight w/1.25" 
reinforcing 300 HB rail 

graduated risers

Cut spike 160**

* Turnout removed at 100 MGT to allow installation of premium component turnout 
** Turnout received 160 MGT of 33-ton axle load traffic prior to HAL program

3.0 T U R N O U T  W HEEL/RAIL FO RG ES

Continuous vertical and lateral w h eel force data w as collected w ith  a pair of 38-inch 

instrum ented w heel sets installed in  the leading truck of a 39-ton axle load  car from  the 

H A L  consist. Time history plots of the lead axle lateral, vertical, and L / V  ratio recorded 

throughout the facing point N o. 20 turnout are show n in Figures 2 ,3 , and 4, respectively. 

The data w as collected at the prem ium  com ponent turnout w ith  the instrum ented wheel 

set car proceeding through the d ivergin g side at 40 mph. The lateral force spike at the 

point of sw itch is caused b y  the sw itch entry angle and is typical of A R E A  geom etry
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turnouts.1 The negative lateral forces produced b y  the w heel on the sw itch-point side 

ahead of the fro g  coincides w ith the frog tangent and the guard rail. The cyclic vertical 

forces show n  in  Figure 3 give an indication of car dynam ics w ithin the turnout.

0 90 100 150 200 ■ 290

DISTANCE (FEET)

-------- STOCKRAIL SIDE --------  SWITCHPOINT SIDE

Figure 2. Lead Axle Lateral Wheel Force Data Through No. 20 Turnout 
Facing Point Diverging Side Move at 40 mph.
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VERTICAL WHEEL FORCE (KIPS)

--------STOCKRAIL SIDE --------  SWITCHPOINT SIDE

Figure 3. Lead A xle  V ertical W heel Force D ata T h rou gh  N o. 20 T urn out 
Facing Point D ive rg in g  S id e M ove at 40 m ph

L/V RATIO

-------- STOCKRAIL SIDE --------  SWITCHPOINT SIDE

Figure 4. Lead A xle  L/V R atios T h rou gh  N o. 20 Turnout 
Facing Point D ive rg in g  S id e M ove at 40 m ph
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4.0 TURNOUT PERFORMANCE

4.1 T U R N O U T  C O M P O N E N T  FAILURES

The m ost im portant inform ation gathered from the Turnout Experim ent concerns the 

service life o f turnout components. Table 2 lists the major com ponent failures docum ented 

at all turnouts on the H TL b y  location and component tonnage (not program  tonnage) at 

tim e of failure. Com ponent failure, in this case, is defined as a com ponent that required 

either repair or replacem ent b y  the track inspector before further traffic w as permitted. It 

is recognized  that determ ination o f component failure based on visual observation is 

h igh ly  subjective in nature and related to the experience and kn ow led ge of the person 

m aking the determination.

T ab le  2. Sum m ary o f Turnout Com ponent Failures

COMPONENT LOCATION TONNAGE
(MGT)

Wing Rail No. 10 Facing Point Turnout 24

Diverging Switch Point No. 20 Trailing Point Turnout 30*

Straight Switch Point No. 20 Facing Point Turnout 32

Wing Rail No. 10 Facing Point Turnout 14

Diverging Switch Point No. 20 Trailing Point Turnout 42

Frog Casting No. 20 Facing Point Turnout 70

Frog Casting and Wing Rail No. 20 Trailing Point Turnout 75*

Wing Rail No. 10 Trailing Point Turnout 95

Frog Casting No. 10 Facing Point Turnout 98

* Components had been exposed to 160 MGT of 33-ton axle load traffic prior 
to the HAL tonnage shown in the table.

A ll sw itch point failures occurred on switch points m anufactured of 300 Bhn rail and 

w ere all related to fatigue cracks of 4 inches to 10 inches at or near the point of switch. A ll 

three failures w ere related to observable metal flow  along the gage side of the stock rail 

w hich  caused a poor fit of the point to the stock rail. In all cases, the cracks w ere rem oved 

b y  grinding and the points restored b y  buildup w elding o f the point in track. Figure 5 

show s a typical point failure.
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Figure 5. T yp ica l S w itch  Point Failure 
D ive rg in g  S id e o f T railin g  Point Turnout

Frog casting failures resulted from  cracks of 4 inches to 6 inches long in the m anganese 

insert. A ll casting defects w ere first observed as a flattening or crushing of the insert 

surface. Figure 6 show s the vo id  left after rem oval of the crack in the standard N o. 20 frog 

facing point turnout.

Perhaps the m ost significant failures in terms of axle load com parison w ere the w in g  

rails on the N o. 10 frogs. A s  show n in Table 2, three failures w ere recorded, tw o of w hich 

occurred at the facing point frog after relatively short service life and the other occurring 

at the trailing point frog after a m oderate service life of 95 M GT. A ll three failures w ere 

identical: a transverse fracture of the rail at the bolt hole located just ahead of the casting 

throat. W hat m akes these failures significant in terms of axle load com parison is that 

sim ilar fractures w ere not noted during the 1,000 M G T generated during the 33-ton axle 

load phase.
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Figure 6. V o id  in  Frog C asting A fter Rem oval o f C astin g D efect

Figures 7  and 8 sh ow  the second w in g rail failure (facing point N o. 10 after 14 M GT 

on the w in g  rail), taken w ith  the frog in track before initiation of repairs.

A lth ou gh  all three defects w ere similar, the third failure at the trailing point frog w as 

the m ost serious. Figures 9 and 10 show  the longitudinal progression of the crack in the 

rail w eb  for a distance o f about 16 inches before final rupture along the vertical axis.
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Figure 7. Location o f  W in g R ail Fracture on the Frog

Figure 8. S id e V ie w  o f the Fracture S h o w in g  the P osition  o f the Bolt H ole
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Figure 9. L ongitudinal Crack T hrough the Rail W eb and V ertical Rupture

Figure 10. V ie w  of Cracked W eb in  the Laboratory
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A ll three failures w ere analyzed at the T T C 's M etallurgy Laboratory to determ ine the 

origin and cause of the cracks. In each case, the analysis show ed the crack originated at 

the bolt hole on the side of the bend nearest the frog's toe and at the gage side o f the rail 

w here the surface is in tension from  the bending (Figures 11 and 12). W ith the use of a 

stereo m icroscope and m agnifying glasses, it w as determ ined that fatigue cracks originated 

at the sharp edges at the periphery of the bolt holes .2 It w as also noted, during the 

examination, that the boltholes responsible for the failures w ere only partially cham fered, 

resulting in sharp edges — ideal stress risers for cracks to initiate. Evidence of scuffing on 

the inner surface o f the bolt hole indicated the third failure (the specim en w ith  the lon­

gitudinal crack) w as also aggravated b y  a loose bolt.

Figure 11. T op V ie w  o f W in g  R ail Failure S h o w in g  
Fatigue Initiation  and Length o f Fatigue Zone
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Figure 12. C lose-up o f Bolt H ole Sh ow in g O rig in  o f Fracture

4.2 T U R N O U T  M A IN T E N A N C E  D E M A N D

The labor hours required to maintain the standard and prem ium  com ponent N o. 20 

turnouts w ere com pared for the first 60 M GT on each turnout. A s  show n in Figure 13, the 

prem ium  materials required about 77 percent less maintenance effort than the standard 

components. D uring the initial 60 M GT of operation, the standard turnout required repair 

of a cracked sw itch point, grinding to remove metal flo w  on the stock rails, grinding to 

reshape the m anganese casting due to metal flow, and grinding to rem ove metal flo w  and 

surface defects on the w in g  and heel rails of the frog. M aintenance of the prem ium  turnout 

included grinding o f m etal flo w  on the straight switch point and stock rail at 12.5 M GT, 

grinding of metal flo w  on the manganese casting at 16 M G T, and replacem ent of four 

fractured rail fasteners.
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CUMULATIVE LABOR HOURS

Figure 13. C om parison o f  Prem ium  and Standard C om ponent 
T urn out M aintenance H ours

5.0 C O N C L U S IO N S  OF T U R N O U T  T E ST

Conclusions of the Turnout Experim ent after 160 M G T of H A L  traffic are as follows:

1. Three w in g  rails installed on N o. 10 frogs failed as a result of fatigue cracks 

originating at the bolt hole near the throat of the frog, w here the rail is bent 

to fit around the frog casting. A nalysis of the cracks indicated that in each 

case the origin w as at the edge o f the hole on the field  side of the rail w here 

the rail surface is in tension from  the bend. The edges of the holes w ere f  ound 

to be sharp, presum ably due to inadequate cham fering during the man­

ufacturing process, w hich  created stress risers. N o  sim ilar fractures w ere 

noted during the 33-ton axle load program  on frogs at the sam e locations.

2. Three A R E A  design sw itch points m anufactured of 300 Brinell hardness 

(Bhn) rail exhibited fatigue cracks near the point of switch. The cracks w ere 

associated w ith metal flo w  along the gage side of the stock rail w hich  affected 

the fit of the point to the stock rail.

3. The thin w alled  frog casting installed at the facing point N o. 20 turnout failed 

after 70 M GT of service and the h eavy w all design at the trailing point N o.

10 turnout failed after 98 M GT. A  third casting failure w as recorded at the
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trailing point N o. 20 after 160 M G T of 33-ton axle load traffic and 75 M GT 

of 39-ton axle load traffic. A ll three failures resulted from  cracks that 

developed  in the casting body.

4. C om paring the maintenance effort after 60 M G T of traffic, the prem ium  

com ponent N o. 20 turnout required 77 percent less maintenance than the 

standard com ponent turnout installed earlier at the same location. In 

addition to repair of a cracked sw itch point, grinding of rail surface defects, 

such as head checking and spalling, w hich w ere observed on the 300 Bhn 

rails starting at 20 M GT, accounted for m ost of the increase.
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PART II: FROG PERFORMANCE TEST

1.0 OBJECTIVE

The objective of the frog perform ance test w as to determ ine the perform ance and service 

life o f a series o f isolated N o. 20 frogs under 39-ton axle loads. Perform ance criteria 

included frog w ear, fatigue defect initiation and grow th, and the overall m aintenance 

dem and of each frog.

2.0 PROCEDURE

2.1 DESCRIPTION OF TEST FROGS

Testm aterials w ere donated b y  N ortrakLim ited, Voest-AlpineInternational, C hicago and 

N orthw estern Transportation (CNW ), and Bethlehem  Steel Corp. The donated frogs (all 

N o. 20) and supplies are listed in Table 1. The N ortrak, C N W , and Bethlehem  frogs are 

typical o f those found in N orth Am erican railroads: A R E A  design rail bound m anganese 

frogs (Figure 1). Inserts on these frogs are m anganese steel castings. The N ortrak and 

Bethlehem  inserts w ere extra clean castings w hich  w ere explosive depth hardened (EDH). 

Extra clean indicates that the frog casting process produces a cleaner casting than older 

casting practices, i.e., the casting has few er voids and inclusions. The w in g  and heel rails 

on the N ortrak and Bethlehem frogs w ere m anufactured w ith  fu lly  heat treated rail. The 

C N W  insert w as not EDH or extra clean, and the w in g  rails w ere standard carbon 300 

Brinell hardness (Bhn) rail; therefore, it is being used as the control for this test.

The Voest-Alpine frogs are European design vee-nose frogs (Figure 2) w ith  raised 

European style guard  rails. The w in g  rail section is U IC 60, w hich tapers to an A R E A  132# 

section on the end. One of Voest-Alpine frogs (test frog 2) is fabricated w ith a nickel steel 

alloy point w eld ed  to a rolled carbon steel block insert, and the other (test frog 3) is a 

m anganese steel EDH  casting.
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T ab le  1. D escription of Test Frogs

FROG ID/ 
. SOURCE

FROG TYPE RAIL TYPE FASTENING
SYSTEM

GUARD
RAIL

DESCRIP­
TION

TIE SPAC­
ING

(INCHES)

Frog 1 
Nortrak

AREA Rail- 
bound Man­

ganese 
(EDH)

123 RE Fully 
Heat 

Treated

Manufacturer's 
Frog Plates 

w/Pandrol Lock 
Spikes &  E Clips

14'6" Bolted 
Tee-rail 

w /H ook 
Twin Tie 

Plates &  Lock 
Spikes

19.5

Frog 2
Voest-Alpine

European
Vee-nose,

A lloy

UIC 60 
Head Hard­

ened

Manufacturer's 
Frog Plates 

w/Pandrol Lock 
Spikes &  E Clips

18'8" Euro­
pean Design 
Guard Rail &  
Plates, Lock 

Spikes

24

Frog 3
Voest-Alpine

European 
Vee-nose, 

Manganese 
Steel Casting 

(EDH)

UIC 60 
Head Hard­

ened

Manufacturer's 
Frog Plates 

w/Pandrol Lock 
Spikes &  E Clips

18'8" Euro­
pean Design 
Guard Rail &  
Plates, Lock 

Spikes .

24

Frog 4 
CN W  

(Control 
Frog)

AREA Rail- 
bound Man­

ganese

136 RE 
Standard 
300 Bhn

Hook Twin Tie 
Plates &  Cut 

Spikes

22' Bolted 
Tee-rail 

w/Single 
Shoulder 
Canted 

Plates, Cut 
Spikes

19.5

Frog 5 
Bethlehem

AREA Rail- 
bound Man­

ganese 
(EDH)

132 RE Fully 
Heat 

Treated

Hook Twin Tie 
Plates &  Cut 

Spikes

22' Bolted 
Tee-rail 

w/Single 
Shoulder 
Canted 

Plates, Cut 
Spikes

19.5

17



Figure 1. A R E A  R ail B ound Figure 2. European V ee-N ose Frog
M anganese Frog
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2.2 INSTALLATION

In D ecem ber 1989, the test frogs w ere installed in the tangent track of Section 22 as show n 

in Figure 3. The frogs w ere all located on the outside rail of the loop and oriented to receive 

facing point traffic from  the unidirectional operation. Since the frogs w ere not installed 

in turnouts, they w ere exposed to traffic only on one side of the point. A t the time of this 

report, the frogs w ere exposed to 53 M G T of H A L traffic and w ill rem ain in track at least 

an additional 100 M GT.

A ll frogs and guard rails w ere installed on new  hardw ood ties (7"x9"x8'6"). Ties 

w ere spaced at 19.5-inch centers for the A R E A  designed frogs and at 24-inch centers for 

the V oest-A lpine frogs (manufacturer's specifications). The C N W  and Bethlehem frogs 

w ere fastened w ith  hook tw in tie plates and cut spikes. The rem aining three frogs w ere 

installed on m anufacturers' tie plates w ith lock spikes and Pandrol E clips. N e w  head 

hardened rail, fu lly  box anchored w ith  channel type anchors, w as installed in the test zone 

betw een frogs. The A R E A  frogs w ere bolted into track w hile the V oest-Alpine frogs w ere 

thermite w elded.

Additional Lubricator Location

Figure 3. Location o f Test Frogs on the F A S T  H igh  T onnage Loop
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The C N W  and Bethlehem  frogs w ere installed w ith  bolted  tee guard  rails w ith  single 

shoulder (8-3/4" x  18") canted guard rail plates. The N ortrak tee guard rail w as installed 

w ith  hook tw in "L23" tie plates. G uard  rail centers on A R E A  frogs w ere located no less 

than 18 inches ahead of the 1 / 2-inch point of frog (POF). The European design guard  rails 

of frogs 2 and 3 w ere installed w ith  the center 1 foot in front of the 1/2  inch point.

The track gage through the frogs, and 20 feet o n  either side o f each frog, is 56 1/2  

inches plus 1/8  inch m inus zero inches, and the gu ard  rail check gage is 54 5/8 inches plus 

1/8  inch m inus zero inches. The ballast section has 12-15 inch shoulders, 2:1 slopes, and 

cribs full to the tops o f the ties. The profile, alignm ent, and cross level of the track in  the 

vicin ity o f the frog is m aintained at or above Federal Railroad Adm inistration (FRA) class 

4 standards.

The H TL is v isually  inspected at m axim um  intervals of 3 M G T b y  track inspectors 

w h o  docum ent their observations. These observations are then used to determ ine the need 

for any maintenance throughout the track, including the frog farm. A ll maintenance w ork 

perform ed is docum ented in a d aily  m aintenance lo g  b y  the track supervisor. The 

m aintenance log  consists o f a description of the w o rk  perform ed, the location o f the w ork, 

and the labor-hours expended. Ultim ately, these results w ill be tabulated and the m ain­

tenance labor-hours sorted b y  frog and type o f m aintenance perform ed.

M aintenance decisions for the fro g  farm , w h ich  com e from  the track inspector's 

reports, include grinding, w eld  build-ups, bolt replacem ent or tightening, and tam ping. 

A s  the frogs w ear, the excess plastic flo w  of frog steel is ground off and the original profile 

restored. The contour is checked, after grinding, usin g a frog contour gage. Defects that 

can be repaired in track are repaired b y  fo llow in g standard frog m aintenance procedures. 

D efects are exposed and rem oved b y  grinding, and the fro g  is rebuilt using stick electrodes. 

A n y  broken bolts are replaced as required, and any tam ping required to stabilize the track 

is determ ined b y  the track inspector.

The frogs w ill rem ain in track until the end of the H A L  program  (possibly the end 

of 1992) or until the frogs fail. Frogs fail w henever they d evelop  defects or w orn  surfaces 

that prohibit safe train operations and repair in  track.

3.0 D A T A  C O L L E C T IO N

The frogs are being evaluated in several w ays including cross-sectional profiles, hardness 

testing, and radiographing. Cross-sectional profiles o f all frogs are taken w ith  T T C 's frog 

profile machine. This profilom eter draw s a 1:1 tracing o f the frog's profile onto a strip
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chart. The profilom eter is indexed to an unchanging reference point on the outside and 

top of the w ing-rail head; therefore, subsequent profiles can be collected and overlaid to 

determ ine m etal flo w  and w ear characteristics. Six m easurem ent locations w ere set up 

on each fro g  (these are the w hite paint m arks on the frogs in Figures 1 and 2). M easurem ents 

are taken every 10 M G T or w henever the experiment supervisor deem s them necessary. 

Profiles are also taken before and after any required grinding.

Brinell hardnesses o f the frogs are taken on the point only, w henever and w herever 

a profile is taken on the point. A verage  hardness of the frog insert is being plotted as a 

function of M GT.

Before installation, the castings of die Voest-Alpine m anganese, C N W , and Bethlehem 

frogs w ere radiographed b y  students at Iowa State U niversity w h o  w ere w orking w ith 

engineers em ployed b y  the Association of Am erican Railroads (AAR). Results w ill be 

used to assess w h at types of discontinuities, if any, are the underlying cause o f defects 

that occur during the test. The radiographs displayed discontinuities w ithin the casting, 

such as void s and inclusions. Radiographs o f the Voest-Alpine m anganese and the 

Bethlehem  frogs w ere subm itted to com puter enhancement to increase the accuracy for 

determ ining the sizes and locations of the discontinuities. Post-test radiographic 

inspections are being perform ed on selected frogs as they fail, to aid in  the analysis. Results 

from  the radiographing section of this test w ill be issued in a subsequent A A R  report:

4.0 TEST RESULTS

O ne of the m ain characteristics affecting frog performance m ay lie in  the hardness of the 

point. The hardness data collected on the point of each frog throughout the test w as 

averaged and plotted against M GT in  Figure 4. A s expected, the hardness in  m ost cases 

has continually risen throughout the test. The Voest-Alpine alloy frog had a very  high 

initial hardness of 550 Bhn, w hich subsequently came d ow n  to 465 Bhn at 5 M GT. These 

inconsistent readings w ere probably due to measurement error. N evertheless, this frog 

has had the highest Bhn readings throughout the test and currently has a Bhn of 510. The 

next highest Bhn w as on the Bethlehem frog whose initial hardness of 420 Bhn had risen 

to 495 Bhn. The V oest-Alpine m anganese frog w ith an original hardness of 370 Bhn, has 

continually hardened to its current hardness of 445 Bhn. The C N W  control frog surpris­

in g ly  had a hardness as high or higher than tw o of the EDH frogs at 370 Bhn. The last test 

on this fro g  show ed a drop in hardness, probably due to m easurem ent error. Finally, the 

N ortrak fro g  w ith  the low est original hardness, hardened to 460 Bhn, second only to 

V oest-A lpine alloy fro g  and the Bethlehem frog, and after only 32 M GT.
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1. Nortrak 2. VA Alloy 3. VAMn ..©..4. CNW 5. Beth

Figure 4. A verage  Brinell H ardness o f Frogs

Figure 5 denotes the highlights of the perform ance o f each frog throughout the test. 

This figure show s m ilestone developm ents for each fro g  and at w h at M G T they occurred. 

A ll five  frogs required grinding at 13 M GT. The A R E A  frogs required grinding along the 

point and in the throat of the insert, w hile the Voest-A lpine w in g  rails required grinding 

along the w in g  rails. The grinding w ill be described in  m ore detail in  the section on profiles.
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Frog 1 - Nortrak

Frog 2 - VA Alloy

Frog 3 - VA Mn

Frog 4 - CNW 
Control

Frog 5 - Beth

Broken Wingrai 
Removed from Track

(tSUGT -  
Bl3MGT

Ground Melai Flow 
Point and Throal

|l3MGT |«eUGT

Ground Wingrai at Point Broken Frog Bot
Meta! Flow & Hoad Checking Point ot Frog

B i3UGT_________  ___ _̂______ |32MGT
Ground Wingrai at Point 

Metal Flow S Head Checking
Developed Transverse Crack 

Z'from Point
Deveiopedshel 
5’from Point BuiupShel Developed it*Crack 

6’8* From Point 
Removed From Track|22UGT |30MGT

|l3MGT |2SUGT |48MGT

Ground Metd Flow 
Point and Throat

Developed Transverse Crack 
In Throal . Wingrai Corrugated .030”

|l3MGT |«0MGT

Ground Metal Flow 
■ Point and Throal

Developing Spaing 
on Point

0 10 20 30 40 50 53

Re-installed
-►̂SeUGT

MGT

Figure 5. H igh ligh ts o f Frog Farm Test

A  w in g  rail on the N ortrak frog broke at 13 M GT, just after the insert w as ground. 

The w in g  rail, w hich  w as fu lly  heat treated, failed at the first bolt hole in the insert as 

show n in Figure 6. The failure w as apparently due to the m anufacturer's bending process 

and subsequent service conditions. The manufacturer uses a four point contact, w hich 

the rails are bent around. These contacts touch the rail in the w eb  (two locations), on the 

head, and on the toe. The contact on the toe applied force during the bending process and 

caused the m etal to bulge d ow n  below  the normal base dim ensions of the rail.
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Figure 6. Fracture o f N ortrak W in g  R ail

Post failure analysis show ed that this bulged  area subsequently rubbed against the 

frog plate directly beneath. This obviously created high im pact loads on the bulge w hich, 

w hen com bined w ith  the abraded surface, created the failure conditions. A  transverse 

defect propagated u p w ard  5 m illim eters (mm) from  the bulge surface into the toe, at w hich  

point the w in g rail fast fractured. Figure 7 show s the fracture surface w ith the fatigued 

zone w here the transverse defect began and the chevrons that occurred during the fast 

fracture. The w in g  rail w as replaced and the frog w as reinstalled at 36 M GT of the test.

There are num erous N ortrak frogs of this design in revenue service in N orth Am erica. 

To date, w in g rail failures of this type have been either uncom m on or non-existent.3 

Current design limitations of the w in g  rail are possibly being exceeded under 39-ton axle 

loads. The w in g  rail bending process m ay need to be m odified in order to m eet the 

requirements of h eavy axle load operation.
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Figure 7. Fracture Surface o f N ortrak W in g  R ail

The Voest-Alpine alloy frog had only one maintenance item  along w ith  the grinding. 

A t 49 M G T, the frog bolt at the point broke and required replacem ent. The Voest-Alpine 

m anganese frog developed a transverse crack on the point 2 feet behind the 1/2  inch POF 

at 32 M GT. This crack, still in track, is on the side of the point opposite the running surface 

and runs from  the top o f the point d ow n  into the flangew ay. A s  yet, no maintenance has 

been perform ed on this crack.

The C N W  control frog had the m ost problems of the five frogs in test. A t  22 M GT, it 

d eveloped a shell on the point 5 feet from  the 1/2  inch POF. This shell w as ground out 

and built up at 30 M GT w ith  electric stick arc and rem ained in test until the frog w as 

rem oved. A t 25 M GT, a transverse crack developed in the throat of the casting. This crack, 

w h ich  propagated in the casting from  next to the w ing rail d ow n  into the throat, w as never 

m aintained and rem ained in track until the frog was rem oved. A t 48 M GT, the control 

frog d eveloped a 11 -inch-longitudinal crack along the gage of the point, starting 6 feet 8 

inches from  the 1/2  inch POF. Repairing this crack w ou ld  have taken tw o labor days and 

w o u ld  have had questionable reliability and a short expected life. Therefore, the C N W  

control frog w as rem oved from  track. A t the time of this report, this frog w as in the process 

of being radiographed and destructively tested, for tw o reasons: (1) to determine the
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underlying causes of the fatigue defects, and (2) to determ ine if the original radiographs 

could  be used to predict the failures. A lso  the w in g  rail, w h ich  w as standard 300 Bhn rail, 

w as corrugated to .030 inches w hen rem oved.

The Bethlehem frog has not required m aintenance, other than grinding. A t 40 M G T, 

it d id  begin to develop spalling on the first 8 inches o f the point, w hich  m ay eventually 

require building up. This spalling, show n in Figure 8, w as a result of the w heel profile 

and fro g  profile contact characteristics. The FAST consist w heels exhibit a w orn  tread 

profile. This probably created slippage on the point of the frog as the w heel transferred 

to the point, i.e., the w heel w as dragging on the point w hich  created the spalling. The 

guard  rail bolts adjacent to the point of the frog required replacem ent several times during 

the test.

Figure 8. S p a llin g  o f B ethlehem  Frog Point

The profiles for the A R E A  frogs, w hich w ere collected throughout the test, are overlaid 

and are show n in Figure 23. A ll three sets of profiles w ere taken 5 inches behind the 1/2  

inch POF. M easurem ent overlays w ere taken at zero M G T, at 5 M G T, after grinding at 13 

M G T, and at the end of test. The N ortrak frog w as rem oved from  track for 21 M G T so the 

last test w as at 32 M G T on that frog. The control frog w as rem oved from  track at 48 M GT, 

w hich  w as w hen the last test data w as taken.
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M etal flo w  on the frog points w as very similar for all three A R E A  frogs. A t 5 M GT, 

the C N W  (#4) and Bethlehem (#5) frogs had more metal flo w  than the N ortrak frog but 

in a sim ilar pattern. This w as due to the different design height of the point at the m ea­

surem ent location, 5 inches behind the 1/2  inch POF. A t this location, the C N W  and 

Bethlehem  frog points w ere slightly taller in relation to the w in g  rails than the Nortrak 

frog point. The taller points initially supported the brunt of the vertical w heel load, w hile 

the shorter point shared the load m ore w ith the w ing rail. A fter 13 M G T, the metal flow  

on all three points w as only slightly more than it w as at 5 M GT. A t this time the frogs 

w ere all ground to reduce the incidence of surface fatigue. The post-grind profiles, w hich 

w ere checked w ith  an A R E A  frog contour gage, can be seen in Figure 9. Subsequently, 

the m etal flo w  rate has slow ed d ow n  and w ill probably continue to do so as the w in g  rail 

absorbs m ore of the vertical loads.

Profile overlays for the Voest-Alpine frog points show ed no m etal flo w  on the alloy 

and on ly ve ry  little on the m anganese steel frog. But as the test progressed, it w as observed 

that the w in g  rails on both (especially the M anganese steel casting) w ere beginning to 

crush and form  transverse cracks on the surface. The w in g  rail crushing of the manganese 

casting frog can be seen in Figure 10. Figure 11 displays the overlays of the w orst areas 

o f the head crushing on the tw o Voest-Alpine frogs, 4.5 inches behind the 1/2  inch POF 

for the alloy frog, and 11 inches behind the 1/2 inch POF for the m anganese frog. The 

w orst area for the alloy frog w as at the very  beginning of the point. This suggest that the 

point itself w as able to withstand the vertical w heel loads. H ow ever, on the m anganese 

frog, the w orst area of w in g rail crushing being further back from  the point (11 inches 

behind the 1/2  inch POF) suggests that the point itself m ust be crushing. Figure 10 shows 

that this is the case, w ith  metal flo w  on the gage com er of the point. A lso, since the head 

is crushing, the w in g  rail m ust support more of the load w hich in turn w o u ld  cause it to 

crush more.
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Figure 10. W in g  R ail H ead C heckin g V oest A lp in e  M anganese Frog



Figure 11 . W in g  R ail C ru sh in g o f  European Frogs

Another observation that w as m ade during the test w as o f the different w heel transfer 

distance on the A R E A  and Voest-A lpine frogs, i.ev different distances over w hich  the w heel 

traveled on both the point and w in g  rail sim ultaneously. The transfer of the A R E A  frogs 

w as m easured at only 12 inches w hile that o f the Voest-A lpine frogs w as m easured at 29
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k n o w .

c C : G .  H .  W a y
S  . B . H a r v e y  
R e s e a r c h  C o m m i t t e e
E n g i n e e r i n g  D i v i s i o n  G e n e r a l  C o m m i t t e e  
F A S T  S t e e r i n g  C o m m i t t e e  
A R E A  C o m m i t t e e  5  -  T r a c k

S i n c e r e l y

R o y  A.  A l l e n
A s s i s t a n t  V i c e  P r e s i d e n t
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The Heavy Axle Load (HAL) Turnout and Frog 
Performance Tests are being conducted at the Facility 
for Accelerated Service Testing (FAST), Transporta­
tion Test Center, Pueblo, Colorado, as two separate 
investigations: performance testing of the two No. 20 
and two No. 10 turnouts located on the FAST/High 
Tonnage Loop (turnout performance test), and testing 
of five isolated frogs installed in tangent track of 
the“frog farm” (frog performance test). Results 
indicated that rapid degradation can be expected from 
key turnout components manufactured with non­
premium materials when exposed to 39-ton axle loads. 
The service life of standard material components is 
highly dependent on the maintenance and repair effort 
afforded them. However, the service life of premium 
materials appears to be at least twice as long as the 
standard components with significantly less mainte­
nance requirements.

The objective of the FAST/HAL Turnout and 
Frog Performance Tests was to determine the effects 
of operating 39-ton axle loads on turnout and turnout 
component performance.

During the initial 60 MGT each turnout was in 
service, the premium turnout required 77 percent less 
maintenance effort than the standard turnout. Three 
No. 20 standard rail bound manganese frogs were 
removed from service in less than 100 MGT due to 
fatigue of the cast manganese steel inserts. The 
service life of standard rail switch points and stock rails 
was also less than 100 MGT. Three identical wing rail 
failures were recorded on two of the No. 10 frogs on the 
HTL.

The AREA frogs in the Frog Performance Test 
exhibited metal flow along the frog point while the 
European vee-nose frogs exhibited crushing of the 
wing rails. Othertest results showed that the standard 
AREA frog was only able to withstand 48 MGT and was 
removed from test due to fatigue failure of the casting.

A wing rail on one of the premium AREA frogs failed at 
13 MGT and was replaced. Other than the wing rail, 
none of the premium AREA or vee-nose frogs required 
major maintenance.

Labor hours required to maintain a standard 
and premium component No. 20 turnout, installed at 
the same location, were compared for the first 60 MGT 
of traffic over each turnout. Both turnouts were 
subjected to facing point traffic due to the single 
direction operation of the HAL train during the reporting 
period. At 100 MGT, the original turnout, which was 
constructed of standard material components, was 
removed due to general deterioration of the rail running 
surface and replaced with a turnout of premium 
components. The premium component turnout, after 
60 MGT of HAL traffic, showed no obvious defects.

The increased maintenance demand of the 
standard turnout was due to heavy repairs of cracked 
switch points and repeated maintenance grinding of 
points, stock rails, and frog. Maintenance performed 
on the premium turnout was limited to routine grinding 
of the manganese insert.

Copies of the AAR Report: "FAST/HAL Turnout 
and Frog Performance," are available from the 
Document Distribution Center, Chicago Technical 
Center, 3140 South Federal Street, Chicago, Illinois 
60616. The AAR report number is R-798; the price 
is $10.00 for member railroads and $100.00 for 
nonmembers. Illinois residents please add 8% sales 
tax. The cost includes surface mail postage if 
mailed within North America. There will be a sur­
charge for any overseas mail. Checks should be 
made payable to the Association of American 
Railroads. This report was issued in November,. 1991. A report list is available upon request.



inches. W hen observing the frog farm w hile the train passed, it w as noticed that the A R E A  

frogs points m et each w h eel w ith a loud im pact (high im pact loads), w hile the Voest-Alpine 

frogs had a m uch sm oother transition.

These observations are a result of the depression and slope of the frog points, w hich 

differ on the A R E A  and European frogs. A R E A  frog points have a 3/16  inch depression 

(below  the w in g  rail) w ith  a slope distance of 10 inches (where the point becom es even 

w ith  the w in g  rail). The European frogs have a depression of approxim ately 1/4  inch at 

the 1/ 2  inch PO F w hich  tapers to 1/8  inch at 1 foot, and then becom es even w ith  the w ing 

rails 5 feet behind the 1/2  inch POF.

The design  of the A R E A  frogs w as probably the cause of the broken bolts in the guard 

rail of the Bethlehem  frog. The design caused a sudden shift in w heel travel w hich  in turn 

im posed high im pact loads on the adjacent guard rail and running rail. The high im pact 

loads caused failure of the guard rail bolts. The design of the A R E A  frogs seems detrimental 

to early perform ance (heavy metal flow , required grinding, broken guard rail bolts), but 

i ! s  too early in this test to see the long term performance. The im pact loads hardened the 

points o f the frogs. A s  the points are maintained b y grinding to. reduce surface fatigue, 

the taper o f the point is lengthened and the wheel transition becom es smoother. W ear of 

the point w o u ld  also lead to the same sequence, but at the sacrifice of surface fatigue. A  

sm oother transition w o u ld  result in low er impact loads and the sharing of loads b y the 

hardened point and the w in g  rail. Shared w heel load creates less m etal flo w  and the frog 

w o u ld  require less grinding. Ultim ately, the frog w ou ld  be expected to becom e less 

maintenance intensive.
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5.0 C O N C L U S IO N S

A lth ough this is an ongoing test, the follow ing conclusions are m ade based on current 

data:

- The control frog, w ith  standard rail (300 Bhn) w in g  rails and non-hardened 

casting, accum ulated 48 M GT o f 39-ton axle loads before rem oval from  track. 

Failure of the frog w as due to casting fatigue defects and corrugation o f the 

w in g  rail. Frogs w ith  prem ium  rail and hardened castings have developed 

metal flo w  and spalling. The outlook is good  for their future perform ance.

If a railroad is to run h eavy axle load trains, the standard type o f frog 

obviously is not the best choice.

- Early grinding of A R E A , RBM  frog castings to rem ove metal flo w  and 

m aintain proper gage com er profile is ve ry  im portant. H eavy m etal flo w  of 

the m anganese steel occurred early on all A R E A  design frog castings, 

including the tw o EDH castings, due to the design o f the point. This metal 

flo w  m ust be ground off to prevent prem ature surface fatigue and cracking. 

G rinding also contributes to the w ear needed for a sm ooth w heel transfer 

and m ay benefit in less maintenance of other turnout com ponents, such as 

guard rail and frog bolts.

- D ue to their design, the European frogs in test perm it sm oother w heel transfer 

across the point, than do A R E A  design frogs. H ow ever, the w in g  rails of the 

European frogs exhibit more surface fatigue type defects than do A R E A  frogs. 

A dditional tonnage w ill be required to properly judge the perform ance of 

these frogs.
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IN T R O D U C T IO N

T o  the  N o rth  A m e ric a n  ra ilro a d  in d ustry , F A S T , the  F a c ility  fo r  A cce le ra te d  S ervice T esting , 

m eans tra c k  te s tin g . S ince its  in ce p tio n  in  1976, w e ll over 1 b illio n  tons o f tra ffic  have been 

ope ra ted  o ve r a closed lo o p  o f tra c k  u n d e r c a re fu lly  c o n tro lle d  and m o n ito re d  co nd itio n s. 

C ountless la b o r-h o u rs  have been expended in  tra in  o p e ra tio n , tra c k  m a in tenance , m easure­

m ent, d o cu m e n ta tio n  e ffo rts , and data  analysis.

T h is  a pp e nd ix  p ro v id es readers w ith  an o ve ra ll backg ro u nd  to  th e  F A S T  p ro g ram . 

D u rin g  th e  la s t 4 years, a c o n tro lle d  set o f experim ents has been conducted  to  d e te rm in e  th e  

eng in e erin g  im p a c t to  tra c k  and m echan ica l com ponents w h e n  subjected  to  a c o n tro lle d  

increase in  a p p lie d  axle lo a d ing . D a ta  fro m  these tria ls  is  b e ing  m ade a va ila b le  to  th e  in d u s try  

to  p ro v id e  co m p on e nt perfo rm an ce  in fo rm a tio n  as an a id  in  d e te rm in in g  th e  m ost safe, 

re lia b le , and e ffic ie n t m e tho d  o f o p e ra tin g  a ra ilro a d  system .

P a rtic u la r em phasis has been on  th e  e ffects th a t h e a v ie r axle loads have o n  tra c k  

m a te ria ls  and m a in tenance  procedures.

B R IE F  H IS T O R Y  O F  FA S T

In  S eptem ber 1975, a re p o rt recom m ending a fa c ility  to  study w e a r and fa tig u e  o f ra ilro a d  

tra c k  and e q u ip m e n t was issued by the  A sso c ia tio n  o f A m e ric a n  R a ilro a d s  (A A R ) and the  

F e d e ra l R a ilro a d  A d m in is tra tio n  (F R A ). T he  fo llo w in g  sp rin g  tra c k  co n s tru c tio n  began a t 

th e  H ig h  Speed G ro u n d  T e st C enter, P ueb lo , C o lo ra do , (n o w  the  T ra n s p o rta tio n  T e st C e n te r). 

T he  firs t lo o p  covered 4.78 m iles (F ig u re  1) and u tiliz e d  som e o f th e  ex is tin g  T ra in  D ynam ics 

T ra c k  to  reduce  co n s tru c tio n  costs.
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F ig u re  1. Test T ra cks  a t H ig h  Speed G ro u n d  Test C en te r, P ueb lo , C O , S how ing
G enera l L o c a tio n  o f FA S T

O n  S eptem ber 22,1976, th e  f irs t F A S T  tra in  began accum ula ting  tonnage  o n  th e  ded­

ica te d  test tra ck . S ince th a t tim e , a te s t tra in  in  va rio u s  co n fig u ra tio n s  and u n d e r a v a rie ty  o f 

tes t co n d itio n s  has co n tin u ed  to  opera te .

T he  o rig in a l F A S T  p ro g ra m  was sponsored b y  th e  F R A , w ith  a ll o p e ra tin g  and m ea­

surem ent costs b e ing  th e  re s p o n s ib ility  o f th e  governm ent. T he  ra ilro a d  in d u s try  c o n trib u te d  

s ig n ific a n tly  to  th e  p ro g ra m  b y p ro v id in g  te ch n ica l assistance and e q u ip m e n t, and by 

tra n sp o rtin g  m a te ria ls  fo r  co n s tru c tio n  and m ain tenance .
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F ig u re  2. H ig h  Tonnage Loop

A fte r  1977, gove rn m e n t em phasis a t the  test ce n te r sh ifte d  away fro m  h ig h  speed 

tra n s p o rta tio n  to  research  o f co n ve n tio n a l tra n s p o rta tio n  m odes. T h e  te s tin g  ce n te r was 

renam ed  T ra n s p o rta tio n  T est C e n te r (T T C ), and in  la te  1982, gove rn m e n t p o lic y  changed 

th e  o p e ra tio n a l p rocedures m a kin g  th e  A A R  so le ly responsib le  fo r  its  o p e ra tio n  and m a in ­

tenance.

F A S T  also co n tin u e d  to  change. T he  annual F A S T  p ro g ra m  o p e ra tin g  b ud g et had 

s te a d ily  decreased o ver a p e rio d  o f fiv e  years and, b y  1985, i t  was a p p a re n t th a t th e  expense 

o f o p e ra tin g  a fu ll tra in  o ver th e  4.78 m ile  lo o p  was no  lo n g e r a ffo rd a b le . T o  p e rm it co n tin u ed  

o p e ra tio n  o f F A S T , a c u t-o ff tra c k  was proposed, designed, and co nstru cte d  using  A A R  funds 

(F ig u re  2 ). T h e  c u t-o ff tra ck , a p p ro x im a te ly  1.3 m iles, e ffe c tiv e ly  reduced  th e  lo o p  fro m  4.78 

m ile s  to  2.7 m iles. T h e  new  lo o p , nam ed the  H ig h  Tonnage L o o p  (H T L ), consisted o f one

6-degree curve  and th re e  5-degree curves. A ll curves in  th e  lo o p  u tiliz e d  sp ira ls  300 fe e t long. 

A s  w ith  th e  o rig in a l lo o p , th e  H T L  was d iv id e d  in to  a n um be r o f te s t sections, w h ich  m ade 

in ve n to ry , m ain tenance , and m easurem ent a c tiv itie s  easier to  docum ent.
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C o m p le tio n  o f th e  H T L  in  June 1985, s ig n ific a n tly  reduced  o p e ra tin g  costs and a llo w e d  

co n tin u a tio n  o f th e  F A S T  p ro g ra m  using  the  o rig in a l 3 3 -to n  axle lo a d  consist.

Since 1976, F A S T  has m o n ito re d  tonnage a p p lie d  to  a ll tes t sections. T h is  is  accom ­

p lish e d  by having  every car and lo co m o tive  w e ig h ed  and assigned a c o n tro l n um be r. T h is  

n um be r is used to  m o n ito r d a ily  tra in  consist m akeup  and, w hen  com bined  w ith  th e  la p  co un t 

fo r  each sh ift, a llow s an accurate d e te rm in a tio n  o f a p p lie d  tonnage o ver th e  lo o p . E ach  tra in  

o p e ra tio n  is m o n ito re d  in  such a fash ion , except fo r  occasiona l w o rk  tra in s  used fo r  b a lla s t 

dum ping, ra il u n lo a d in g , o r o th e r tra c k  m a in tenance  su p p o rt fu n ctio n s.

D e ta ils  o f H T L  O p e ra tio n s  

33-ton  A xle  L o a d  Phase

A lo n g  w ith  the  H T L  cam e m in o r changes to  th e  m e th o d  o f tra in  o p e ra tio n . A t  th e  s ta rt o f 

the  H T L  o p e ra tio n , a m a jo r ra il fa tig u e  tes t was in itia te d  th a t re q u ire d  d iffe re n t o p e ra tin g  

characte ristics th a n  was used b e fo re . T ra in  o p e ra tio n  u n d e r th e  p re v io us F A S T  p o lic y  con­

tro lle d  tra in  d ire c tio n  so th a t b o th  clockw ise  and co un te rc lo ckw ise  o pera tions w e re  ba lanced. 

T he  tra in  opera ted  o n ly  coun terc lockw ise  on  th e  H T L . T h e  m a in  reason was th a t lu b ric a tio n , 

a p p lie d  fro m  a w ayside lu b ric a to r, co u ld  be c o n tro lle d  fro m  one lo ca tio n . (A  ca lc iu m  soap 

base lu b ric a n t w ith  11 p e rce n t g ra p h ite  has been u tiliz e d  a t a ll w ayside lu b ric a to rs  a t F A S T .) 

T he  co m b in a tio n  o f s ing le  d ire c tio n a l o p e ra tio n  and th e  use o f w ayside lu b ric a to rs  crea ted  

the  in te n d e d  d iffe re n tia l in  the  lu b ric a tio n  -  m o re  n e a r th e  lu b ric a to r, less a t distances re m o te  

fro m  th e  lu b ric a to r. B y  in s ta llin g  lik e  o r id e n tic a l ra il sections a t va rious lo ca tio n s  a ro un d  

the  lo o p , the  e ffe c t o f a d iffe re n t lu b ric a tio n  leve ls  co u ld  be  assessed.

T he  sh o rte r le n g th  o f the  H T L , 2.7 m iles opposed to  th e  o rig in a l 4.78 m iles, necessita ted 

a m a jo r change in  th e  s igna l system. T h e  o rig in a l s igna l system  co n fig u ra tio n  was com posed 

o f a basic 3 b lo ck , d ire c t cu rre n t tra c k  c irc u it design. I t  u tiliz e d  co nve n tion a l, o ff-th e -s h e lf 

s ignal com ponents. S igna l spacing o n  th e  H T L , how ever, p re ven ted  th e  p ro p e r fu n c tio n  o f 

th is  system  as th e  b lo c k  lengths w o u ld  be so sh ort, re la tiv e  to  th e  le n g th  o f th e  tra in , th a t th e  

locom otives w o u ld  be co n tin u ou s ly  o p e ra tin g  on  a y e llo w  approach. T he  s igna l system , w h ich  

was so le ly used fo r b ro k e n  ra il p ro te c tio n  and n o t b lo c k  c o n tro l o f tra in s , was redesigned to  

fu n c tio n  o n ly  as a b ro ke n  ra il d e te c to r.

A s a re su lt o f th e  revised system, the  outs ide  and in s id e  ra il o f th e  lo o p  was fu lly  in su la te d  

fro m  each o th e r, and each ra il becam e its  ow n in d e p e n d e n t s ignal lo o p . O ne m aster in su la te d  

jo in t was in s ta lle d  a t a lo c a tio n  on  th e  outside  and in s id e  ra il. In d e pe n de n t p o w e r supplies
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fee d  each c irc u it, w ith  each lo o p  o f ra il becom ing its  ow n c o n tin u ity  check c irc u it. D u e  to  th e  

sh o rt b lo cks, o n ly  a re d  (s to p ) o r g reen  (p roceed) in d ic a tio n  is  n o w  g iven. B y  using  sw itch  

c o n tro l boxes and a d d itio n a l in su la te d  jo in ts  a t tu rn o u ts , signals w ill a lso d isp la y re d  i f  a sw itch  

is th ro w n  fo r  an in c o rre c t ro u te . T h is  revised signal system  has been  successful in  de te ctin g  

b ro k e n  ra ils , jo in ts , and im p ro p e rly  a lig n ed  tu rno u ts .

A n o th e r v a ria tio n  in itia te d  w ith  the  s ta rt o f the  H T L  was to  lu b ric a te  o n ly  the  outside  

ra il o f th e  lo o p . P revious tests w ere  conducted b y  a lte rn a tin g  o p e ra tin g  p e rio d s  o f lu b ric a te d  

ra il (b o th  ra ils ) and d ry  ra il. T y p ic a lly  40 M G T  o f lu b ric a te d  o p e ra tio n  was fo llo w e d  by 10 

to  15 M G T  o f d ry  ra il, w ith  th is  sequence repea ted  o ver a n u m b e r o f cycles. T h e  new  ra il 

fa tig u e  te s t re q u ire d  a lo n g  te rm  (150 o r m ore  M G T ) p e rio d  o f fu lly  lu b ric a te d  ra il, w ith o u t 

extended d ry  o p e ra tio n . Such a lo n g  lu b ric a te d  test p e rio d  w o u ld  have p ro h ib ite d  th e  testing  

and e va lu a tio n  o f ra il in  th e  d ry  m ode.

B y o n ly  lu b ric a tin g  th e  outs ide  ra il, and leaving  th e  in s id e  ra il d ry, th e  one reverse curve 

(S e c tio n  7 ) o n  th e  H T L  w o u ld  have a d ry  gage face and o ffe r a s ite  fo r  e va lua tin g  d ry  w ear 

characte ris tics  (F ig u re  3 ). A s th e  tra in  was tu rn e d  e nd -fo r-e n d  o n  a scheduled basis (b u t 

o p e ra te d  o n ly  in  the  coun terc lockw ise  d ire c tio n ), som e co n ta m in a tio n  o f th e  in s id e  ra il was 

observed im m e d ia te ly  a fte r tra in  tu rn in g , b u t ra p id ly  d isappeared.
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In  Ju ly  1986, a m a jo r d e ra ilm e n t o ccu rre d  w ith  th e  F A S T  tra in  w h e n  th e  in s id e  ra il, 

a fte r th e  e x itin g  s p ira l in  S ection  25, o ve rtu rn e d . A lth o u g h  tra c k  in  th is  area was v is ib ly  in  

good co n d itio n , subsequent m easurem ents lo ca te d  several pocke ts o f w eak gage re s tra in t. A  

n um be r o f tests w e re  conducted to  d e te rm in e  th e  cause o f th e  ra il o ve rtu rn in g . I t  was 

d e te rm in e d  th a t u n d e r extrem e d iffe re n tia ls  o f h ig h  ra il to  lo w  ra il lu b ric a tio n  (h ig h  ra il over 

lu b rica te d , lo w  ra il e xtrem e ly  d ry ) a h ig h  tru c k  tu rn in g  m om e n t co u ld  be o b ta in e d  especia lly  

w ith  locom otives in  tra c tio n . I t  was suggested th a t th is  h ig h  m o m e n t accelerated  th e  fa tig u e  

o f w ood  tie  fastener su pp o rt n ea r the  d e ra ilm e n t area, u n til r a il ro llo v e r occurred. R esults 

o f th is  study are re p o rte d  in  A A R  re p o rt R -712, "E ffe c t o f T ra c k  L u b ric a tio n  o n  G age 

S preading Forces and D e fle c tio n s ," b y  K . J. L a in e  and N . G . W ilso n , A u g u st 1989.

T o  e lim in a te , o r a t least reduce h ig h  d iffe ren ce s o f lu b ric a n t e ffectiveness betw een  h ig h  

and lo w  ra ils  w ith o u t severely im p a c tin g  the  ra il w e a r test, a ve ry  sm a ll am oun t o f lu b ric a tio n  

was re q u ire d  on  to p  o f b o th  th e  h ig h  and lo w  ra ils . S ince th e  h ig h  (o u ts id e ) ra il o f th e  lo o p  

was a lready lu b rica te d , i t  was decided to  p lace  a sm a ll am o un t o f co n ta m in a tio n  on  to p  o f th e  

lo w  (in s id e ) ra il o f th e  lo o p . T h is  was accom plished b y  in s ta llin g  som e m o d ifie d  F u ji ro lle r  

lu b ric a to rs  o n  cars k e p t n ea r the  end o f th e  tra in . These lu b ric a to rs  w ere  co n fig u re d  to  

lu b ric a te  the  w h e e l tre a d  (N O T  T H E  F L A N G E ) w ith  a ve ry  sm a ll am oun t o f lu b ric a n t.

A s  an added safe ty check, gage w id e n in g  " te ll ta les" w ere  in s ta lle d  a t a n um be r o f 

lo ca tio n s  a round  th e  F A S T /H T L  lo o p  (F ig u re  4 ). T h e  te ll ta le  is  a sm a ll sp ring  loa de d  device 

th a t p rovides an in d ic a tio n  o f m a xim um  gage w id e n in g  a t th a t lo c a tio n  due to  th e  a c tio n  fro m  

a passing tra in . T he  tra c k  inspecto rs a t F A S T  ro u tin e ly  m o n ito r these devices and check to  

see i f  excessive gage w id e n in g  is  o ccu rrin g . T h is  p ro v id es a sa fe ty check and gives advance 

n o tice  i f  im pe n d ing  loss o f gage h o ld in g  a b ility  is o ccu rrin g .
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F ig u re  4. T e ll T a le  In s ta lle d  on th e  H T L

B a ckg ro u n d  and  Need fo r  th e  H A L  Test P rogram

T h e  co m p le tio n  o f th e  3 3 -to n  axle lo a d  (100-ton  ca r) phase o f the  H T L  occurre d  M a rch  28, 

1988. A  to ta l o f 160 M G T  was opera ted  in  th e  H T L  co n fig u ra tio n , w h ile  those p a rts  o f th e  

H T L  th a t u tiliz e d  th e  o rig in a l F A S T  lo o p  had a to ta l o f 1023 M G T .

U p  u n til th is  tim e  th e  F A S T  consist was m ade up e n tire ly  o f 100-ton-capacity cars, w h ich  

re su lte d  in  a w e ig h t o n  ra il o f 263,000 pounds p e r car. O ccasion a lly  a fe w  8 9 -fo o t fla tca rs , 

ta n k  cars, and o th e r less th a n  100-ton capacity cars w ere  o pe ra ted  fo r  specia l tests. T he  

100-ton car, as i t  is co m m o n ly  re fe rre d  to , has an axle lo a d  o f 33 tons. T he  standard  fo r  such 

e q u ip m e n t inc ludes 3 6 -in ch  d ia m e te r w heels, 6 1 /2  by 11-inch w h e e l bearings and a tru c k  

w h e e l base o f 5 fe e t 6 inches (see F ig u re  5 ); th is  is the  m axim um  w e ig h t on  ra il th a t is cu rre n tly  

accepted fo r  u n re s tric te d  in te rcha n ge  o f equ ipm ent in  N o rth  A m e rica .
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F ig u re  5. T y p ic a l 100-ton C a p a c ity  C a r

T he  in d u s try  V e h ic le  T ra c k  Systems (V T S ) g roup  becam e in vo lve d  w ith  H A L  testing  

in  1988. U n d e r V T S  d ire c tio n  e xp e rim e n t p lans w ere  revised  to  in c o rp o ra te  cu rre n t in d u s try  

concerns. T h e  F A S T  S teering  C o m m itte e  recom m ended th a t th e  o p e ra tio n  o f the  H T L  

co n tin u e , b u t th a t the  tra in  w e ig h t be  increased to  a 3 9 -to n  axle lo a d . T h e  purpose o f the  

co n tin u a tio n  w o u ld  be to  docum ent th e  e ffe c t o f h ea vie r cars o n  ex is tin g  tra c k  structu res since 

som e do exist and opera te  d a ily  in  N o rth  A m e rica . E xam ples in c lu d e  th e  D e tro it E d iso n  coal 

tra in , w h ich  consists o f 125-to n -ca p a c ity  e qu ipm ent. These cars have la rg e r w heels (38" 

d ia m e te r), la rg e r bearings (7" X  12") and a lo n g e r tru c k  w h e e l base (6 ’), as show n in  F ig u re  

6a and 6b. T a b le  1 sum m arizes th e  d iffe ren ce s betw een  100- and 125-ton-capacity cars.
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Figure 6a. Typical 125-ton Capacity Open Top Gondola

F ig u re  6b. T y p ic a l 125-ton C a p acity  C overed H o p p e r C a r



Table 1. Differences between 100- and 125-ton Capacity Cars

COMMON NAME AC TU AL CONFIGURATION

100-ton  car 100 tons o f la d in g

31.5 tons o f em pty car w e ig h t

131.5 tons o n  th e  ra il

263.000 lbs o n  th e  ra il

33.000 lbs p e r w h e e l (33 k ip s ) 

36" d ia m e te r w h e e l

(3 3 -to n  axle lo a d )

125-to n  car 124.5 tons o f la d in g

33 tons o f e m p ty  car w e ig h t

157.5 tons o n  th e  ra il

315.000 lbs o n  th e  ra il

39.000 lbs p e r w h e e l (39 k ip s ) 

38" d ia m e te r w h e e l

(3 9 -to n  axle  lo a d

W h e re  h ea vie r axle lo a d  cars a re  a lre a dy in  o p e ra tio n , th e y  are  n o t th e  sole tra ffic  over 

a lin e . F o r th is  reason i t  is  im po ss ib le  to  d e te rm in e  th e  exact dam age fa c to r th a t th e  h e a v ie r 

car lo a d  app lies to  the  tra ck . M a in te n a n ce  p re d ic tio n , fo r  lin e s  th a t m ay soon see a la rg e  

am o un t o f these h e a v ie r cars, is th e re fo re  d iffic u lt to  d e te rm in e . Thus, in  o rd e r to  o b ta in  a 

b e tte r understand ing  a bo u t such d e g ra d a tio n  and w e a r ra tes, and fin e  tu n e  tra c k  d e g ra d a tio n  

and perfo rm an ce  m odels, i t  was decided  to  opera te  th e  H T L  usin g  a h e a v ie r car.

T he  H eavy A x le  L o a d  (H A L ) te s tin g  p ro g ra m  was in itia te d  in  1988. U p  u n til th is  p o in t 

in  tim e , a ll F A S T  ope ra tio ns w ere  fu n d e d  so le ly  b y  the  F R A . F o r th e  f irs t tim e  in  th e  h is to ry  

o f the  F A S T  p rogram , fu n d in g  fo r  tra in  o p e ra tio n  use and d a ta  c o lle c tio n  was su pp lied  fro m  

b o th  F R A  and A A R  funds. G u id e lin e s  fo r  e xp e rim e n ta l goals w e re  estab lished as fo llo w s :

•  U tiliz in g  125-ton  e q u ip m e n t, re p e a t as near a possib le  th e  basic experim ents 

conducted w ith  100-ton e q u ip m e n t d u rin g  th e  fin a l 160 M G T  o f th e  H T L .
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•  T h e  o n ly  m a jo r v a ria b le  was to  be th a t o f increasing  th e  axle lo a d ; thus ca r type, 

tra in  speed and co n fig u ra tio n , and tra c k  la yo u t w o u ld  re m a in  th e  same.

•  D a ta  w o u ld  be  co lle c te d  to  d e te rm ine  the  e ffe c t, i f  any, on  incre a sin g  th e  axle 

lo a d .

•  D a ta  w o u ld  a lso  be co lle c te d  to  assist in  v a lid a tin g  e x is tin g  tra c k  p e rfo rm a n ce  

and d e te rio ra tio n  m odels.

H A L  T E S T  S C H E D U L E  A N D  P A R A M E TE R S

H A L  e xp e rim e n t p lans w e re  p re pa re d  a fte r re v ie w in g  the  re su lts  o f th e  160 M G T  o f 100-ton  

tra ffic  on  th e  H T L  M in o r changes w ere  m ade w here  re su lts  in d ic a te d  a change in  test 

p rocedures was needed, o r w here  d ire c t back-to -b a ck com parisons co u ld  n o t be  m ade. In  

som e cases, w h e re  co m p a ra tive  data  was sim ply n o t a va ila b le , new  te s t p lans w ere  d ra w n  up.

T ra ck  re b u ild in g  e ffo rts  began in  A p r il 1988, and a co m p le te d  lo o p  was m ade a va ila b le  

fo r  te s tin g  in  e a rly  Ju ly . T h e  tra c k  lo o p  fo r  the  H A L  T e st was e ssen tia lly  the  sam e as th a t fo r  

th e  3 3 -to n  axle lo a d  (H T L )  p e rio d , w ith  the  excep tion  o f add ing  a "by-pass tra c k " (F ig u re  7 ). 

T h e  lo o p  was d iv id e d  in to  te s t zones, w h ich  w ere  id e n tifie d  b y  num bers.

F ig u re  7. M a p  o f H T L  w ith  By-Pass T ra c k  A dded a t S ta rt o f H A L  O p e ra tio n s
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T h e  by-pass tra ck , o r s id ing , p ro v id e d  a d d itio n a l o p e ra tin g  co n fig u ra tio n s  and testing  

o p p o rtu n itie s . T he  p rim a ry  purpose o f th e  by-pass was to  p e rm it o p e ra tio n  o ve r tu rn o u ts  in  

b o th  the  s tra ig h t-th ro u g h  and d ive rg in g  ro u te  d ire c tio n s . F A S T  schedules ca lle d  fo r  20 p e rcen t 

to  30 p e rce n t o f the  tra ffic  to  o p e ra te  o ve r th e  by-pass, thus a p p ly in g  tonnage  to  d ive rg in g  

ro u te  tu rn o u t com ponents.

A n  added b e n e fit to  th is  type  o f o p e ra tio n  was th a t i t  a llo w e d  tra c k  experim ents th a t 

re q u ire d  sm a ll b u t co n tro lle d  dosages o f tra ffic  betw een m easurem ent and in sp e c tio n  cycles 

to  be conducted. I t  was possib le  to  o pe ra te  as lit t le  as one tra in  o r as m uch  as one fu ll s h ift 

(0.01 to  1.35 M G T ) d u rin g  any g ive n  s h ift o ve r the  by-pass, thus a ffo rd in g  se lected tra c k  

experim ents c o n tro lle d  increm ents o f tonnage betw een in sp e c tio n  p e rio d s.

A fte r  tra c k  re b u ild in g  e ffo rts  w ere  co m p le ted  in  A ug u st 1988, tra in  o p e ra tio n  began 

im m e d ia te ly . S m all increm ents o f M G T  a ccu m u la tio n  re q u ire d  by th e  B a lla s t Test, lo ca te d  

on  th e  m a in  lo o p , re su lted  in  lo w  M G T  a ccum u la tio n  ra tes d u rin g  th e  f irs t m o n th . R a p id  

a ccu m u la tio n  o f tonnage began in  O c to b e r 1988, w ith  the  f irs t 15 M G T  o f th e  H A L  p ro g ram  

o p e ra tin g  in  a dry, no lu b ric a tio n  m ode.

T h e  in it ia l d ry  m ode was o pe ra ted  fo r  several reasons:

•  T o  o b ta in  e a rly  d ry  w e a r-ra te  da ta  fo r  "q u ick  lo o k " purposes

•  T o  b re a k -in  ra il and w hee l p ro file s  to  a "w orn" shape

•  T o  p ro v id e  a co n fo rm a l w o rn  ra il/w h e e l p ro file  on  se lected te s t ra ils  fo r  ra il 

fa tig u e  in fo rm a tio n

T h e  15 M G T  d ry  m ode was co m p le te d  in  January 1989. B y  design, a la rg e  am o un t o f 

te s t ra il was rep laced  to  a llo w  in s ta lla tio n  o f "lu b rica te d  o n ly" ra il in  su p p o rt o f fa tig u e  testing . 

A t th e  same tim e , a la rg e  am ount o f tra n s itio n  ra il was rep laced  due to  excessive w ear observed 

d u rin g  the  d ry  o pe ra tio n .

F u lly  lu b rica te d  o p e ra tio n  was in itia te d  in  M a rch  1989, and co n tin u e d  u n til an a d d itio n a l 

135 M G T  was a pp lied  on A p r il 20, 1990. D u rin g  th is  p e rio d  a n u m b e r o f in te rim  

m easurem ents, m in o r re b u ild s, and th e  re p la cem en t o f a m a jo r tu rn o u t o ccu rre d . A  to ta l o f 

160 M G T  o f H A L  (3 9 -to n ) tra ffic  was a p p lie d  to  th e  lo o p .

H A L  T ra c k  D e scrip tio n

A  d e ta ile d  d e scrip tio n  o f the  H A L  lo o p , in it ia l experim ents and an o ve rv ie w  o f tra in  o p e ra tio n  

are  co n ta ined  in  A p p e n d ix  B . R e fe r to  th is  section  fo r  d e ta ile d  d escrip tio n s  o f tra c k  sections, 

experim ents, m easurem ents and o th e r item s.
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F A S T /H A L  T R A IN  M A K E U P /O P E R A T IO N

T he  H A L  tra in  consists a lm ost e n tire ly  o f 39 -to n  axle lo a d  cars, as d e ta ile d  above. T ra in  

le n g th  va rie d  fro m  60 to  o ver 75 H A L  cars, w ith  the  a d d itio n  o f up  to  fiv e  standard  3 3 -to n  

axle lo a d  (1 0 0 -to n  ca p a c ity ) cars fo r  m echan ica l test purposes. T h e  3 3 -to n  axle  lo a d  cars w ere  

in c lu d e d  fo r  w h e e l w e a r c o n tro l m easurem ents and ca rrie d  kn o w n  d e fe c tive  b ea ring s in  

su pp o rt o f m echan ica l tests.

U n d e r n o rm a l co n d itio n s , fo u r o r fiv e  4-axle  lo co m o tives (B -B  tru c k  c o n fig u ra tio n ) w ere  

used to  p u ll th e  consist; an exam ple is show n in  F ig u re  8.

F ig u re  8. T yp ica l H A L  T ra in  in  O p e ra tio n

These u su a lly  consisted o f E M D  G P38 and G P40, and G E  U 3 0 B  lo co m o tives  lo a ne d  to  

th e  F A S T  p ro g ra m  by A A R  m em bers. O n  occasion, due to  lo co m o tive  m a in tenance  

re q u ire m en ts, a re n ta l o r T T C  lo co m o tive  was used to  ensure adequate horsepow er. S ix axle 

(C -C ) lo co m o tives  w e re  used in  the  consist o n ly  d u rin g  specia l te s t runs o r as a w o rk  tra in . 

T ra in  speed, a fte r th e  in it ia l "check-out la p " was he ld  to  40 m ph, w ith  an average range o f 38 

m ph to  42 m ph. A ll curves w ere  balanced so th a t a t 40 m ph a 2 -in ch  u nd e rb a lan ce  c o n d itio n
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o ccu rre d ; th a t is, the  h igh  ra il was lo a de d  m o re  th a n  the  lo w  ra il. T h e  5-degree curves w ere  

b u ilt  w ith  4 inches o f supere leva tion , w h ile  th e  6-degree curve was b u ilt  w ith  5 inches o f 

su p e re le va tion . A ll e le va tio n  was ru n -o u t w ith in  th e  le n g th  o f the  3 0 0 -fo o t sp ira ls .

M o s t tra in  o p e ra tio n  d u rin g  th e  H A L  te s tin g  occurred  d u rin g  e a rly  m o rn in g , th ird  s h ift 

hours. G e n e ra lly  tra in  o p e ra tio n  was s ta rte d  a t o r near m id n ig h t and co n tin u e d  u n til 8 to  9 

a.m ., unless a b ro ke n  ra il o r o th e r d e fe c t re q u ire d  an e a rlie r stop. T h e  n ig h t o p e ra tio n  was 

conducted  fo r  tw o  m a jo r reasons:

1. R a il T e m p e ra tu re : D u e  to  the  sh o rt lo o p  and 40 m ph o p e ra tio n , th e  tim e  betw een 

la s t ca r and lo co m o tive  passage fo r  th e  n ext la p  was abo u t 2 1 / 4  m inu tes. T he  

ra il d id  n o t have s u ffic ie n t tim e  to  co o l, and daytim e  ra il tem p e ra tu re s  o f over 

160 degrees F a h re n h e it had been re co rd ed . T h is  le d  to  som e tra c k  in s ta b ilitie s , 

buckles, and o th e r p rob lem s. N ig h t o p e ra tio n , w ith o u t the  added h e a t lo a d  o f 

the  sun, e lim in a te d  m ost tra c k  in s ta b ility  p rob lem s.

2. T ra c k  T im e  fo r  M a in tenance  C rew s: A s  w ill be discussed la te r in  th is  docum ent 

and in  th e  tra c k  m a in tenance section , spot and "housekeeping" m a in tenance  

re q u ire m e n ts  soared d u rin g  th e  H A L  T e st as com pared to  th e  co n ve n tio n a l axle 

lo a d  p e rio d . T he  n ig h t o p e ra tio n  a llo w e d  d a ily  access to  the  tra c k  in  su p p o rt o f 

m a in tenance  fu n ctio n s.

D u rin g  a ty p ic a l e ig h t h o u r sh ift, 100 to  120 laps co u ld  be accum ula ted; how ever, due to  

a s ig n ific a n t p ro b le m  w ith  b ro ke n  w elds, m any la p  counts ranged be tw een  65 to  90, and on  

occasion even less. T h is  transla tes to  a b o u t 0.6 to  1.35 M G T  p e r e ig h t h o u r s h ift, depend ing  

on  tra in  le n g th . T ra in  m ileage, fo r  a 65 to  120 la p  sh ift, w o u ld  range fro m  175 to  325 m iles.

A ll cars w ere  inspected every th ird  s h ift o f fu ll o p e ra tio n , o r w ith in  a 500 to  700 m ile  

in te rv a l. L o co m o tive  m ain tenance fo llo w e d  standard  ra ilro a d  d a ily , and 30- and 90-day 

in sp e c tio n  cycles.

D e ta ils  o f H A L  T ra in  O p e ra tio n , L u b ric a tio n  A p p lic a tio n  and C o n tro l:

A s sta ted  p re v io us ly , tra in  d ire c tio n  was p rim a rily  coun terc lockw ise , w ith  th e  fo llo w in g  

excep tion :

A fte r  every 3 M G T  o f o p e ra tio n  (+  / - 1  M G T ), the  w ayside lu b ric a to rs  w ere  tu rn e d

o ff and th e  p ow er ru n  a round  th e  lo o p  to  th e  re a r o f the  tra in . T h e n  u p  to  30 laps
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(n o  m o re  th a n  0.35 M G T ) w ere opera ted  in  a reverse (c lo ckw ise ) d ire c tio n  w ith

no lu b ric a tio n  added to  the  tra ck . T he clockw ise d ry-d o w n  o p e ra tio n  served tw o

purposes:

1. I t  rem oved  excess lu b ric a n t fro m  to p  o f the  ra il to  a id  in  u ltra s o n ic  insp ectio n s

2. I t  p ro v id e d  beach  m arks (g ro w th  ring s) w h ich  are  used to  m o n ito r and tra c k  th e  

in it ia tio n  and g ro w th  o f in te rn a l ra il defects, especia lly  shells and transverse  

defects

A fte r  c o m p le tio n  o f th e  u ltra so n ic  ra il inspection , g e n e ra lly  every 3 M G T , th e  tra in  was 

tu rn e d  e n d -fo r-e n d , and rese t fo r  a coun terclockw ise  o p e ra tio n . U p o n  re s ta rtin g  tra in  

o p e ra tio n , th e  w ayside lu b ric a to rs  w ere  reconnected and fu ll lu b ric a tio n  was u su a lly  o b ta in e d  

w ith in  15 to  20 laps. T h e  m a in  lu b ric a to r p ro v id in g  the  basic lu b ric a tio n  was lo ca te d  in  S ection  

24 (a  s p ira l) ju s t b e fo re  th e  beg inn ing  o f the  6-degree curve.

D u rin g  p e rio d s  o f co ld  w ea the r, a backup lu b ric a to r, lo ca te d  in  S ection  1 a b o u t h a lfw a y 

a ro un d  th e  lo o p  fro m  th e  m a in  lu b ric a to r, was used to  estab lish  and o ccasion a lly  m a in ta in  

re q u ire d  leve ls  o f lu b ric a tio n  (F ig u re  3).

L u b ric a tio n  le ve ls  a ro un d  th e  lo o p  w ere reco rded  using  T T C ’s L u b ric a n t L e v e l G age 

(o fte n  dubbed th e  goop gage). T h is  device (F ig u re  9) is  used by the  tra c k  in sp e c to r to  m o n ito r 

th e  v is ib le  le v e l o f lu b ric a n t o n  the  gage face o f the  ra il. A lth o u g h  th is  device  w ill in  no  w ay 

d e te rm in e  lu b ric a tio n  e ffectiveness, since the  same lu b ric a n t was used a t a ll tim es d u rin g  b o th  

th e  33- and 3 9 -to n  axle  lo a d  tests, the  values recorded  can be used to  d e te rm in e  am ounts o f 

lu b ric a n t p resen t.

T he  n o rm a l m a x im u m  lu b ric a n t le ve l desired, as m easured by th e  goop gage, is a + 1 0 . 

T h e  ra il a t th e  b e g in n in g  o f th e  6-degree curve, nearest th e  lu b ric a to r, had s ig n ific a n tly  m ore  

lu b ric a tio n , averag ing  + 2 0  to  +30.
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F ig u re  9. T T C ’s L u b ric a n t Leve l Gage (G oop G age)

T ra c k  In sp e c tio n  P o licy

T h e  F A S T /H T L  lo o p  is inspected  co n tin u o u s ly  d u rin g  ope ra tio ns and a fte r every 2 M G T  o f 

o p e ra tio n  d u rin g  daytim e periods.

D u rin g  tra in  o p e ra tin g  p erio ds fo r  th e  H A L  Test, w h ich  g e n e ra lly  o ccu rre d  a t n ig h t, one 

tra c k  w o rk e r was u tiliz e d  to  inspect and ad just th e  lu b rica to rs . T h e  d u ty  o f the  second tra c k  

w o rk e r was to  constantly rove  and lo o k  fo r  any dam age to  th e  tra c k , change in  su pp o rt 

co n d itio n s, b ro ke n  com ponents o r loose b o lts . B y using ro a d  veh ic les e qu ip p ed  w ith  e xtra  

lig h ts , th is  in sp ectio n  was ca rrie d  on  co n tin u o u s ly  th ro u g h o u t the  s h ift.

A d d itio n a l in fo rm a tio n  on tra c k  co n d itio n s  was rece ived fro m  th e  o n b o a rd  tra in  crew . 

D u e  to  the  sh ort na tu re  o f the  lo o p , th e  crew  soon learns th e  "fe e l" o f th e  tra c k  and becom es 

aw are o f any changes. B y use o f ra d io  contact, th e  g round  in sp e c to r can re a d ily  be  d ire c te d  

to  a suspect area and ensure th a t an adequate  tra c k  is be ing  o pe ra ted  over.

T h e  n ig h t crew  had access to  hand to o ls  and som e tra c k  m ach inery, w h ich  a llo w e d  the m  

som e re p a ir ca p a b ility . In  some cases, such as a fie ld  w e ld  fa ilu re , a tw o -w o rk e r crew  was 

in s u ffic ie n t to  p u ll ra il gaps tog e the r, and o p e ra tio n  o f the  tra in  was suspended; how ever, m ost
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o f the  tim e  m in o r re p a irs  co u ld  be m ade and the  tra in  o p e ra tio n  co n tin u e d . Such re p a irs  

w ere  m ade o n ly  in  areas w here  e xperim ent p lans a llow ed , n o t w here  su p p o rt d a ta  o r 

m easurem ents w e re  needed.

T h e  n ig h ttim e  tra c k  inspectors m o n ito re d  th e  e n tire  lo o p , and, th ro u g h  in sp e c tio n  logs, 

docum ented areas th a t re q u ire d  im m e d ia te  re m e d ia l re p a ir, as w e ll as areas o f concern . Thus, 

ite m s such as h e a v ily  co rru g a te d  ra il, w h ich  m ig h t be causing undo  b a lla s t dam age u n d e r tra in  

a ction , w ere  n o te d  fo r  d e ta ile d  daytim e insp ectio n .

T h e  d aytim e  tra c k  inspectors w o u ld  m ake a d e ta ile d  in sp ectio n , on  fo o t, o f th e  e n tire  

lo o p  every 3 M G T , in  co n ju n c tio n  w ith  the  u ltra so n ic  in sp e c tio n  cycle. T h ey w o u ld  n o te  a ll 

item s re q u irin g  re p a ir in  the  fo llo w in g  categories: (1 ) f ix  im m e d ia te ly , and (2 ) schedule fo r 

re p a ir.

Ite m s such as m issing  fasteners, c lips, and b o lts  w o u ld  be in  th e  " fix  im m e d ia te ly " category. 

O th e r lo n g -te rm  p la n n in g  item s lik e  tie  rep lacem ent needs and g rin d in g  re q u ire m e n ts  w o u ld  

be in  th e  "schedule  fo r  re p a ir" category.

T h e  tra c k  su p e rv iso r w o u ld  advise the  expe rim e n t m o n ito r o f re p a irs  needed in  te s t section  

areas, e spe cia lly  i f  such re p a irs  m ig h t have dam aged o r a lte re d  m easurem ent sites. W hen 

re q u ire d , p re - and post-m ain tenance  m easurem ents w ere  o b ta in e d  in  o rd e r to  q u a n tify  the  

e ffe c t o f th e  a c tiv ity .

T ra c k  was g e n e ra lly  a llow ed  to  degrade u n til i t  neared th e  F R A  Class 4 lim its . Such 

standards w e re  m o n ito re d  by the  E M 8 0  tra ck  geom etry ca r (F ig u re  10) a long  w ith  th e  above 

o u tlin e d  v is u a l/m a n u a l tra c k  inspection . In  som e lo ca tion s, w here  no te s t was designated, 

th e  tra c k  inspecto rs and fo rem en  w ere fre e  to  m a in ta in  tra c k  b e fo re  Class 4 lim its  w e re  m et, 

depend ing  on  o th e r w o rk  loads.
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F ig u re  10. E M 8 0  T ra c k  G eom etry C a r

T ra c k  geom etry car inspections a re  scheduled a fte r ever 5 M G T  o f o p e ra tio n  to  a llo w  

genera l m o n ito rin g  o f changes to  gage, surface, lin e , and cross le ve l. E x tra  in sp ectio n s w ith  

th e  E M 8 0  ca r are  scheduled b e fo re  and a fte r sp e c ific  m a in tenance fu n c tio n s , such as su rfacing  

and lin in g , w hen  such a c tiv itie s  are o ve r sp e c ific  te s t zones.

A n  im p o rta n t ite m  to  note  is th a t the  tra c k  was n o t a llo w e d  to  degrade b e lo w  a le ve l 

designated safe. P ro p e r m ain tenance  was always com p le ted  so th a t th e  tra c k  co u ld  susta in  

a t le a st 1.3 M G T  o f a d d itio n a l tra ffic . Because o f th is , F A S T  m ay be d e fin e d  as b e in g  "o ve r 

m a in ta in e d ," a p o lic y  enacted and fo llo w e d  since 1976. O n  a revenue ra ilro a d , a tu rn o u t fro g , 

fo r  exam ple, m ay be reco rded  as re q u irin g  g rin d in g . T y p ic a lly  a 40 to  50 M G T  p e r ye a r lin e  

m ay opera te  10 to  20 tra in  m oves d u rin g  a 2 4 -h o u r p e rio d  betw een m a in tenance  w indow s. 

D e fe rrin g  m a in tenance in  th is  exam ple by one, tw o , o r even th re e  days g e n e ra lly  w ill n o t cause 

an unsafe c o n d itio n  o r undo  dam age to  th e  ite m .

H o w e ve r a t F A S T , unless specia l co n d itio n s  exist, one m ust p la n  fo r  "w orst case and best 

e ffic ie n cy" tra in  opera tions. Thus u p  to  135 laps (o r tra in  passes) o f a fu lly  lo a d e d  tra in ,

12,500-ton, co u ld  be opera ted  b e fo re  th e  next m a in tenance  w indow . W ith  th is  in  m ind , w ith
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the  fro g  g rin d in g  exam ple  described above, re p a irs  w o u ld  have been in itia te d  fo r  m e ta l 

re m o va l in  advance to  ensure th a t dam age to  the  fro g  fro m  excessive lip  fo rm a tio n  d id  n o t 

occur.

F o r th is  reason, a ll tra c k  deg ra d a tio n  lim its  m ust be  s u ffic ie n tly  h ig h  to  a llo w  fo r  the  

a n tic ip a te d  e x tra  d e g ra d a tio n  th a t a 1.3 M G T  lo a d in g  w o u ld  a pp ly  a t a g ive n  lo c a tio n . T o  

p e rm it th is  sa fe ty fa c to r, ce rta in  item s w ere  p re m a tu re ly  m a in ta in e d  to  ensure th a t a safe 

tra c k  s tru c tu re  w o u ld  be a va ila b le  fo r  an e n tire  o p e ra tin g  s h ift. A n y  co m parison  w ith  o th e r 

p e rio d s  a t F A S T  can be m ade w ith  s im ila r tra c k  m a in tenance  lim its  in  m in d . T h e  o n ly  change 

d u rin g  th e  U A L  T e st was th a t, in  some cases, th e  H A L  tra in  caused h ig h e r d e g ra d a tio n  ra tes 

a t jo in ts  and o th e r anom alies. T h is  h ig he r ra te  re q u ire d  e x tra  ca u tio n  w hen  d e te rm in in g  how  

fa r defects sh ou ld  be  a llo w e d  to  degrade b e fo re  a pp ly ing  co rre c tive  m a in tenance  e ffo rts .

In te rim  R e b u ild in g /N e w  Tests

D u rin g  th e  course o f th e  160 M G T  H A L  o p e ra tio n , a n um be r o f m in o r changes to  th e  o rig in a l 

tes t c o n fig u ra tio n  w ere  m ade. A s test com ponents w ore  o u t o r s u ffic ie n t d a ta  was o b ta in e d  

on  o rig in a l ite m s, new  m a te ria ls  w ere  p laced in  tra ck .

A  g u id e lin e  fo r  p la ce m e n t o f m ost tra c k  com ponents in  th e  o rig in a l H A L  T e st was th a t 

the  ite m  was a lre a d y  to  be in  genera l use by the  ra ilro a d  in d u s try . A s sta ted  in  th e  o rig in a l 

H A L  goals, th e  purpo se  fo r th e  in it ia l H A L  T est was to  d e te rm in e  the  e ffe c t o f th e  H A L  tra in  

on  tra c k  and tra in  com ponents. W h ile  new  and e xp e rim e n ta l com ponents w e re  n o t always 

re s tric te d , th e  b u d g e t fo r  H A L  d ic ta te d  th a t the  firs t p r io r ity  was to  eva lua te  th e  e ffe c t o f 

h e a v ie r axle loads o n  co n ve n tio n a l tra c k  m a te ria ls  and structu res.

M a jo r test com ponents th a t w ere added to  the  o rig in a l c o n fig u ra tio n  in c lu d e d :

•  R e p la cem e n t o f th e  o rig in a l A R E A  standard  design # 2 0  tu rn o u t w ith  a sta te  o f 

th e  a rt heavy d u ty  tu rn o u t w ith  th e  same o v e ra ll A R E A  geom etry

•  A d d itio n  o f p o s t tensioned  concrete  ties

•  A d d itio n  o f co ncre te  tie s  designed fo r tangent tra c k

•  A d d itio n  o f A zo b e  hardw ood ties

•  In s ta lla tio n  o f a F ro g  C asting Q u a lity  T est zone
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T h e  fo llo w -o n  tes t p rogram , in  th e  fo rm  o f a t least a 100 M G T  extension, w ill p lace  m ore  

em phasis on  new  and im prove d  m a te ria ls  th a t are  designed to  b e tte r w ith s ta n d  th e  e ffe c ts  o f 

th e  H A L  tra in  e nvironm ent.

G enera l O bserva tions a fte r 160 M G T  o f T ra ffic

E xpe rim e n ts  w ere  conducted u n d e r th e  sam e co n d itio n s  and co nstra in ts. These in c lu d e  the  

fo llo w in g  m a jo r considera tions:

1. A ll tra ffic  was m ade up o f lo a de d  cars and locom otives. N o  e m p ty  o r lig h t 

cars w ere  opera ted  fo r  any extended p e rio d  o f tim e .

2. A ll tra in s  w ere  opera ted  a t 40 m ph  except fo r  th e  firs t and la s t d a ily  tra in  

pass, and w hen a slow  o rd e r (10  to  15 laps a t 25 m p h ) pass was needed fo r 

te s tin g  purposes. A ll curves w ere  e levated  fo r  th e  same 2 -in ch  su p e re le va tio n  

can t de fic ien cy co n d itio n .

3. N in e ty  percen t o f th e  tra ffic  was in  one d ire c tio n  (co u n te rc lo ckw ise ); 10 

p e rce n t w e n t clockw ise. T h is  was accom plished in  300 la p /3 0  la p  in crem ents.

4. A ll o p e ra tio n  was conducted w ith  the  outs ide  ra il fu lly  lu b ric a te d  and the  

in s id e  ra il s lig h tly  co n ta m in a ted  a t a ll tim es. E ve ry  3 M G T , d ry-dow ns w ere  

conducted; how ever, som e tra ce  o f gage face lu b ric a tio n  re m a in e d  a t a ll tim es, 

even a fte r the  d iy-d o w n.

5. U n d e r n o rm a l op e ra tin g  co n d itio n s , tra in  brakes w ere n o t used. O ccasiona lly , 

w hen  th e  signal system  detected  a b ro k e n  ra il, a standard  10 p s i to  15 p s i b ra ke  

p ip e  re d u c tio n  was m ade to  stop o p e ra tio n . O th e r th a n  th a t, a ir  b rakes w ere  

ra re ly  used to  c o n tro l tra in  speed.

6. M o s t e qu ipm ent conta ined  co n ve n tio n a l design m echan ica l com ponents, w ith  

th ree -p ie ce  trucks.

7. T h e  T T C  is loca ted  in  the  h ig h  p la in s  o f C o lo ra do  w here  n a tu ra l m o is tu re  is 

re la tiv e ly  lo w  -- a p p ro x im a te ly  11.5 inches p e r year. S ubgrade su p p o rt 

co n d itio n s  are a lm ost id e a l fo r  tra c k  co n s tru c tio n ; firm , sandy, and
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w e ll-d ra in e d  so il. T he w in te r season g e n e ra lly  sees lit t le  in  th e  n a tu re  o f 

fre e z e /th a w  cycles. W in te r snows u sua lly  evapora te  in  one to  th re e  days, w ith  

re la tiv e ly  lit t le  m o is tu re  seeping in to  the  g round.

C om parisons betw een  160 M G T  o f 3 3 -to n  and 3 9 -to n  experim ents w ere  m ade w ith  the  

same gross tonnage  a p p lie d . F o r com parison  purposes, a ll tra c k  re la te d  d a ta  is  tie d  in to  th is  

n e t a p p lie d  lo a d . A s  the  axle loads w ere  d iffe re n t fo r the  tw o  p e riods, a d iffe re n t n u m b e r o f 

cyc lic  lo a d ing s o ccu rre d  to  o b ta in  the  same a p p lie d  tonnage. T he  3 9 -to n  axle  lo a d  p e rio d  had 

a p p ro x im a te ly  16 p e rce n t few er lo a d in g  cycles fo r  the  sam e 160 M G T  p e rio d  as th e  33 -to n  

axle lo a d  te s t c o n fig u ra tio n  (T a b le  2 ).

T a b le  2. D iffe re nce s in  C yc lic  L oa d in g  fo r  33- and 39-ton  A x le  L o a d  P e rio d s  w ith  th e  Same
N et 160 M G T  on the  T ra c k

3 3 -T O N  A X L E  L O A D  T E S T 3 9 -T O N  A X L E  L O A D  T E S T

15,850 T ra in s 13,370 T ra in s

4,820,000 R a il L o a d in g  Cycles 4,065,000 R a il L o a d in g  Cycles

114 M illio n  Tons o f L a d in g  H a u le d 120 M illio n  T ons o f 

L a d in g  H a u le d

Note: Track loading for equivalent 160 MGT application of track load using 4 locomotives, 72 car 
average train. Heavier car required approximately 16% fewer trains to apply same loading onto the 
track, and hauled approximately 5% more net tonnage.
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M a jo r Ite m s S how ing S ig n ific a n t Im p a c t d u rin g  th e  H A L  P e rio d

Q u a lity  c o n tro l o f m ain tenance a c tiv itie s  becam e even m ore  im p o rta n t a t F A S T  d u rin g  the  

H A L  p e rio d . T h e  h ig h e r axle lo a d  caused even m in o r d ev ia tio n s  and a nom a lies to  degrade 

a t a ra te  fa s te r th a n  b e fo re , thus w o rkm a n sh ip  d u rin g  re p a ir cycles was c ritic a l.

T ra c k  m a in tenance  item s co u ld  n o t be d e fe rre d  to  the  e xte n t p e rm iss ib le  u n d e r th e  lig h te r 

lo a d . E ven  sm a ll anom alies w o u ld  o fte n  g ro w  ra p id ly , w hen  le ft to  be  re p a ire d  b y  th e  next 

sh ift.

A ll tra c k  w o rk  re q u ire d  ca re fu l b le n d in g  and tra n s itio n  in to  a d jacen t areas. S udden 

tra n s itio n s  m ust be avo ided to  p re ve n t in tro d u c in g  bounce m odes in  ve h ic le s, w h ich  co u ld  

in itia te  a d d itio n a l d e g ra d a tio n  a t o th e r lo ca tio n s . U n ifo rm  su p p o rt co n d itio n s , w ith  lit t le  o r 

no  change in  re su ltin g  tra c k  geom etry, a ffo rd e d  th e  low est tra c k  m a in tenance  e ffo rt.

T h e  surface c o n d itio n  o f th e  ra il becam e even m ore  c ritic a l. J o in t b a tte r, w e lds and 

m echan ica l jo in ts , (F ig u re  11), and ra il co rru g a tio n s  (F ig u re  12) o ccu rre d  m o re  o fte n  and 

grew  m ore  ra p id ly  u n d e r the  H A L  p ro g ram . M e ta l flo w  a t ra il ends and fro gs re q u ire d  

s ig n ific a n tly  m o re  m ain tenance e ffo rt th a n  b e fo re .

F ie ld  w e ld  fa ilu re s  (F ig u re  13) p layed  an im p o rta n t p a rt in  th e  e ffic ie n c y  o f o p e ra tio n  

d u rin g  th e  H A L  T est. F re q u e n t fa ilu re s , w h ich  w e re  n o t observed d u rin g  th e  3 3 -to n  phase, 

re su lte d  in  a s ig n ific a n t im p a ct to  tra in  o p e ra tio n s. T h e  need fo r im p ro ve d  q u a lity  c o n tro l 

d u rin g  th e  w e ld in g  process as w e ll as im p ro ve d  w e ld in g  techn iques and m a te ria ls  to  w ith s ta n d  

th e  h e a v ie r axle loads was noted. T he  standard  m ix  co n te n t o f m ost fie ld  w e lds o fte n  le a d  to  

excessive b a tte r, especia lly  w hen used on  300 B rin e ll hardness (B h n ) and h e a t tre a te d  ra ils  

o f s tandard  chem istry.
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F ig u re  11. T y p ic a l W elded R a il J o in t B a tte r

F ig u re  12. T yp ica l C o rru g a tio n s
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F ig u re  13. T y p ic a l B ro ke n  F ie ld  W e ld

U n d e r the  H A L  tra in  o p e ra tio n , tu rn o u ts  w ere  second to  fie ld  w e ld  fa ilu re s  in  th e  area 

o f increased tra c k  m ain tenance . A s w ith  co n ve n tio n a l fie ld  w e ld  m a te ria l, standard  ra il and 

fro g  com ponents e xh ib ite d  the  shortest life  and h ighest a m o un t o f m ain tenance  and re p a ir 

(F ig u re  14). O ve ra ll, tu rn o u ts  re q u ire d  a s ig n ifica n t increase in  spot m ain tenance , g rin d in g , 

and b u ild u p  re q u ire m en ts.
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F ig u re  14. T o p ica l W o rn  F ro g  C om ponents

T h e  o v e ra ll tra c k  m ain tenance e ffo rt increased, w ith  th e  fo llo w in g  areas show ing the  

h ighest dem and.

1. O u t o f face  g rin d in g  fo r co rru g a tio n  c o n tro l

2. Increased  w e ld in g  requ irem ents

3. Im m e d ia te  a tte n tio n  re q u ire d  fo r spot su rfacing  needs

4. Increased  fa ilu re  ra te  o f fie ld  w elds

In  genera l, co rru g a tio n s  on tangent tra ck , especia lly  w here  standard  ra il was in  p lace, 

becam e ve ry  com m on d u rin g  the  H A L  Test. T he  increase in  dynam ic loads, due to  v ib ra tio n s , 

o fte n  re q u ire d  a d d itio n a l spot m aintenance in  these areas.
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T h e  h e a v ie r ca r em phasized p ro b lem s using  the  lig h te r axle lo a d  g e o m e try  car. L o w  

spots and p um p in g  tra c k  areas, observed u n d e r tra ffic  by th e  tra c k  inspectors, w o u ld  n o t always 

show  up  as fu ll d e p th  defects on  tra c k  geo m e try  car in sp e c tio n  re p o rts . T h e  use o f h ea vie r 

geo m e try  cars o r h ea vie r axle loads o n  g eo m e try  m easuring  e q u ip m e n t m ay e lim in a te  th is  

anom aly.

M a n y areas o f the  H T L  w ere n o t to ta lly  re b u ilt b e fo re  s ta rtin g  th e  H A L  tra in  o p e ra tio n . 

In  such areas, fo r  exam ple, w here  w o o d  tie s  re m a in e d  in  p lace  fro m  th e  p re v io u s  te s t p e rio d , 

m ore  ra p id  tie  d eg ra d a tio n  and h ig h e r re p la ce m e n t re q u ire m en ts  th a n  d u rin g  a s im ila r p e rio d  

w ith  th e  lig h te r axle lo a d  w ere n oted. T ra c k  in specto rs had a m o re  d iff ic u lt tim e  d e te rm in in g  

re m a in in g  tie  life  d u rin g  the  H A L  tra in  p e rio d , as th e  w ood  tie ’s a b ility  to  h o ld  gage appeared 

to  d ec lin e  m ore  ra p id ly , and w ith  less v isu a l in d ic a tio n . H id d e n  defects in  th e  tie s  ten d ed  to  

degrade m ore  ra p id ly , and w ith  less v isu a l w a rn in g , necessita ting  th e  re p la ce m e n t o f m ore  

tie s  d u rin g  cyc lic  renew als to  ensure a safe o p e ra tio n .

T h e  above observations are based on  areas w here  b ack-to -b a ck com parisons betw een  

33- and 3 9 -to n  axle lo a d  data  is a va ila b le . A  n u m b e r o f o th e r tes t resu lts  fro m  th e  3 9 -to n  axle 

lo a d  phase in c lu d e : lo ca lize d  cra ck in g  o f se lected concrete  tie s, e a rly  re p la ce m e n t o f a 

standard  tu rn o u t, and fa ilu re  o f one w o o d  tie  fa s te n in g  system . R esu lts fro m  these tests cannot 

be com pared to  e q u iva le n t resu lts u n d e r 3 3 -to n  axle loads a t F A S T  s im p ly  because th e y  w ere  

n o t u n d e r c o n tro lle d  tests d u rin g  th e  H T L  com parison  phase.

These and o th e r resu lts w ere p resen ted  a t th e  W orksh o p  on  H eavy A x le  Loads, P ueblo, 

C o lo ra d o , O c to b e r 16-17,1990.

O V E R A L L  T R A C K  M A IN T E N A N C E  IM P A C T

U n d e r th e  co n d itio n s  o f the  F A S T  lo o p , th e  percentage o f d a ily  "spo t" o r "housekeeping" 

tra c k  m a in tenance  e ffo rt increased s ig n ific a n tly  w hen  com pared to  the  axle  lo a d  increase. 

L a b o r hours increased over 60 p e rce n t com pared to  an axle lo a d  increase o f 20 p e rcen t.

T h e  increase in  spot m ain tenance re q u ire m e n ts  was d e te rm in e d  by c o lle c tin g  records 

o f a ll d a ily  tra c k  m ain tenance a c tiv itie s  re co rd e d  by fie ld  personne l. E ach  "ro u tin e " 

m a in tenance  re q u ire m e n t, th a t is, an a c tiv ity  n o t associated w ith  specia l requests due to  

e xpe rim e n t ob jectives, was assigned a standard  la b o r h o u r ra te . F o r exam ple, each tim e  a 

lo w  jo in t re q u ire d  tam p ing  a standard  ra te  o f 0.5 la b o r hours was a p p lie d  w h ile  to  re p a ir a
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b ro ke n  w e ld  a s ta n d a rd  ra te  o f 16 la b o r hours p e r occurrence  was a p p lie d . A ls o  excluded 

w ere  m a jo r co m p o n e n t changeout e ffo rts , such as m a jo r ra il rep lacem ents due to  w ear, new  

te s t co m p on e nt in s ta lla tio n s , and o th e r "ca p ita l im p ro ve m e n t" w o rk .

B y e lim in a tin g  th e  specia l request m ain tenance item s, such as re p la ce m e n t o f a w e ld  

due to  la b o ra to ry  analysis requ irem ents, o n ly  those m a in tenance  a c tiv itie s  d ire c tly  associated 

w ith  tra c k  d e g ra d a tio n  w e re  m o n ito re d . T he  use o f s tandard  la b o r h o u r ra tes fo r  each a c tiv ity  

also e lim in a te d  m any o f the  in h e re n t "un ique" s itu a tio n s  fo u n d  a t F A S T . A t  F A S T  m any 

m a in tenance  a c tiv itie s  re q u ire  specia l care due to  ad jacen t in s tru m e n ta tio n , th e  need fo r  p re - 

and post-m easurem ents, and p o s itio n  o f specia l te s t m a te ria ls . U se o f th e  standard  la b o r h o u r 

ra tes p e rm its  th e  to ta l m a in tenance dem and to  be n o rm a lise d  fo r  co m parison  purposes.

T h e  te s t lo o p  was subjected to  a num ber o f changes d u rin g  th e  course o f th e  33- and 

3 9 -to n  axle lo a d  experim ents. B o th  experim ents, how ever, s ta rte d  o u t w ith  tra c k  in  

a p p ro x im a te ly  th e  sam e c o n d itio n  and w ith  s im ila r m a te ria ls . A s tonnage was a p p lie d , tra c k  

m a te ria ls  w ere  changed and new  test m a te ria ls  in s ta lle d , thus m a k in g  d ire c t com parisons m o re  

d iffic u lt as th e  p ro g ram s progressed. D ue  to  these changes com parisons a fte r th e  in it ia l 85 

M G T  are  u n re lia b le .

F ig u re  15 in d ica te s  th e  cu m u la tive  la b o r hours o f e ffo rt fo r  th e  fo llo w in g  basic tra c k  

m a in tenance  ca tegories: jo in t m aintenance, ra il m ain tenance, surface and lin in g  o pe ra tio ns, 

tu rn o u t m a in tenance , and m iscellaneous. A  to ta l e ffo rt in  la b o r hours is also show n. These 

va lues re p re sen t th e  to ta l num ber o f standard ized la b o r hours fo r  each m a in tenance  ca tegory 

re q u ire d  to  keep  th e  tra c k  in  the  same genera l c o n d itio n  fo r  th e  in it ia l 85 M G T  o f each te s t 

tra in  p e rio d .
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LABOR-HOURS

JOINT RAIL SURFACE TURNOUT MISC TOTAL
MAINT MAINT &  LINE MAINT

Figure 15. Breakdown o f Track Maintenance Effort

Figure 16 shows the cumulative labor hour maintenance data by M G T  for each test train 

period. For reference, the total labor hours for the 3-ton axle load test are shown beyond the 

85 M G T  base comparison period. D ata beyond the initial 85 M G T  baseline is shown for the 

39-ton axle load test period. Labor hour maintenance totals continued at about the same rate 

per M G T  as tonnage was accumulated to 100 M G T.
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LABOR-HOURS

Figure 16. Track Maintenance Effort as a Function of Tonnage

The difference in cumulative labor hours after 85 M G T  between 33- and 39-ton axle 

load test periods indicates a 72 percent increase due to the heavier axle load. Caution must 

be used in interpreting this data, as a significant error band in the total figures does exist. 

These labor hours represent spot maintenance demand, and as such is often dependent on 

the discretion o f the field track supervisor. The data does not represent long-term replacement 

demand, such as out o f face tie renewal, ballast work, or other capital investment related 

activities. The spot maintenance efforts represent comparison o f activities needed to keep 

similar track at the same general geometry level during two periods of axle loads.

The long-term effects of rail wear, ballast work, wood and concrete tie life, fastener life 

and other capital intensive efforts have not been fully developed, but as the information and 

data trends indicate, the effect is not nearly as dramatic as the 72-percent increase in spot 

maintenance demand.
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•  A n  increase in the attention to track maintenance detail and quality o f work is 

required.

•  Improved uniformity o f work in blending repairs into the adjacent existing track 

structure will reduce non-uniform and impact loads.

•  Areas o f high impact forces, such as at frogs and within turnouts, require premium 

materials to withstand repeated loads

•  W here premium materials are not used, such as in existing track that is to be 

subjected to a high percentage o f increased axle loads, faster capital replacement 

will occur

Results at FAST indicate that conventional track structure, as utilized by the majority
of North American railroads, can survive 39-ton axle loads with some basic strategies which
include:

Areas o f Track Requiring Improvement

A  number of basic areas of improvement have been identified for future evaluations. These 

are areas that could withstand the increased axle loads but required a disproportionately 

higher level o f maintenance, based on F A S T  experience.

In areas where continuously welded rail (CW R ) is utilized, which is the case in the 

majority of heavy mainline in North America, two major areas of improvement were identified:

1. The performance of field and shop welds declined significantly under the H A L  

train. In all cases weld batter must be reduced to lower the degradation o f ballast 

and ultimately surface and lining demands. In the case o f thermite type field welds 

the failure rate as well as batter rate was observed to be unacceptably high.

2. Where field welds are not practical or possible, such as at insulated joints or 

emergencyplug repair sites, joint maintenance becomes critical. Emergency bolted 

plugs require immediate replacement with field welds when possible.
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In areas where jointed rail is in place, early replacement with C W R  is very desirable. 

W here complete replacement o f jointed rail is not possible, or where programmed upgrades 

to an existing secondary line require operation over jointed track for a period o f time, the 

F A S T  experience suggests the following:

•  Eliminate jointed rail on curves. The few areas on F A ST  where jointed rail existed 

on curves resulted in significant track geometry degradation and high maintenance.

•  In areas where jointed rail exists, repair of bent rail ends and loose fitting or worn 

bars must be completed immediately. Ballast memory was a higher problem under 

the H A L  train than in previous F A ST  operations.

•  Repeated tamping of joints, especially with certain ballasts that tended to become 

rounded with degradation, is ineffective. Repair of the rail surface problem (bent 

rail ends or joint bars) was required before a joint maintenance problem could be 

reduced.

R ail quality has improved over the last decade to where standard rail o f 300 Bhn is usual 

for most installations, and premium rail of 340 Bhn and higher is found on most curves. 

Comparisons using 248 Bhn rail as a base are not directly applicable as many railroads have 

already eliminated this older rail on curves. There are cases, however, where older rail is still 

present on tangents o f main lines and careful inspection may be needed before operating a 

significant amount of H A L  type traffic. In the category of running surface materials, the 

following areas of improvement are suggested:

•  Field inspections suggest that rail that corrugates easily should be eliminated or 

it will require increased out-of-face grinding maintenance. Corrugations on 

tangent track became common on the F A ST  loop in areas where older rail (less 

than 300 Bhn) was utilized. Even where 300 Bhn rail was used in tangents, 

corrugations were noted; especially, in turnouts. The requirement for premium 

rail in tangents needs to be investigated as a potential means of reducing grinding 

requirements.
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•  In turnouts, top quality materials are desirable. On FAST, the use of non-premium 

materials will lead to early failure along with high maintenance and repair costs. 

Rapid degradation was noticed where non-heat treated rails were used in 

components such as frog wing rails.

•  Improved turnout geometry and component strength should be investigated to 

reduce spot maintenance requirements.

•  Once started, the surface degradation leads to a rapid degradation o f other 

components or adjacent areas, requiring spot maintenance activities to be 

scheduled on a frequent basis.

The items summarized above deal mainly with the ability of materials and components 

to withstand the heavier load.

General Maintenance Policies of Railroads in the Daily and Cyclic Inspection, and the 

Maintenance Duties o f Track Personnel

Results of the F A S T  /H A L  investigation point to the following areas where improvements to 

these duties would be beneficial where a large number of H A L  type traffic is to be operated:

•  Lower tolerance for deferred maintenance was noted. Small anomalies tend to 

degrade much faster under the H A L  environment, thus reducing the allowable 

time between locating and repairing such defects.

•  Improved methods o f locating these minor defects will probably be needed, 

especially with automated track geometry systems. The need to identify small 

surface related defects, such as engine burns, low joints and other housekeeping 

requirements is increased.

•  For long-term maintenance planning, wood tie integrity measurements are 

needed.

•  Finally, once the above items are located, better tools for spot maintenance repairs 

may be needed. Spot work such as welding, grinding, and tamping o f rail surface 

will take on even more importance with H A L  traffic.
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The major thrust o f the H A L  program to date has been to document the effect on track 

component wear and track maintenance requirements with increased axle load. Track, of 

course, does not degrade significantly by itself. The vehicles that operate over the rails are 

the major cause of this deterioration. The present F A ST  consist was selected for a number 

o f reasons; however, the major factor was that the mechanical design o f car bodies and trucks 

were veiy similar to that used for the previous test periods. Thus, the only main variable 

would be the axle load, allowing back-to-back comparisons between previous F A S T  tests with 

the least number o f input variables.

Review of the results to date indicates that some areas in the mechanical equipment 

side need additional investigation, along with long-term research and development. With the 

existing train, which is made up of equipment designed and built in the late 1960s, allowable 

defects in components, especially the wheels, must be investigated under direction o f the 

Vehicle Track Systems Committee. These include:

•  Size Of allowable wheel flats

•  Limits of out of round wheels

•  Limits of allowable surface defects, such as spalls and shells

These items may lead directly to increases in dynamic loads into the track structure, 

especially at the rail and tie level. Limiting the allowable size o f such defects could result in 

a significant increase in the life span of the rail, tie and fastener. The extent to which these 

loads are transferred to various components in the track structure is not fully documented; 

however, additional investigations are planned.

Alternative car and suspension designs also need, to be investigated. By reducing the 

impact and dynamic loads into the track structure, life of track components could be increased. 

Areas in mechanical design that need to be investigated include:

•  Evaluate the effect of reducing unsprung mass. With a larger wheel diameter (and 

subsequent heavier wheel mass) the H A L  car is already at a disadvantage, when 

compared to the conventional car. Additional design work in the suspension area 

may help reduce this effect.
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•  Premium trucks, which not only improve curving performance but reduce vertical 

dynamic forces, have been and should be evaluated.

•  The effect o f axle spacing, articulated cars and other designs should be investigated.

The existing H A L  train applies vertical loads at specified truck and car axle 

spacings, which are different than that of "double stack" and other alternate car 

designs.

S u m m a ry  o f  L im ita tio n s

The future investigations, for both track and mechanical components, are based on the results 

from the existing F A S T  loop configuration, train operating policies, track maintenance 

standards and equipment designs. The results must be reviewed with some specific limitations 

in mind. These were stated in detail during the introduction section, and apply to all F A S T  

test results to date. Limitations of the current test suggest changes that may be included in 

future test programs. These include:

•  Variable speeds, with resulting different overbalance and underbalance conditions 

on curves should be investigated.

•  Since the H A L  program has been conducted with equipment manufactured in the 

1960s, new mechanical equipment technology, including suspension, truck design, 

and wheel spacing, will be evaluated.

•  Traffic mix of F A S T  is all loaded traffic, with no light cars or empties. The 

percentage of H A L  traffic on some revenue lines may not be a high percentage 

of the overall tonnage.

•  F A ST  produces a relatively mild environment for in-train forces. The effects of 

heavy braking (air and dynamic), and results from train forces from slack run in, 

grades and speed changes have not been addressed. Such forces will play a role 

not only in mechanical component fatigue life, but in forces that must be absorbed 

by the track structure as well.

•  The dry climate at FAST, coupled with the stiff subgrade, may have reduced some 

of the track degradation effects of the H A L  train. Future investigations will include 

a "low modulus support" track segment that is intended to evaluate the effects that 

H A L  has on track geometry retention.
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FUTURE

The results of the 33- and 39-ton axle load experiment have been presented in this document. 

The ongoing extension, which is utilizing the same train configuration and operating modes, 

started in late 1990.

This extension is being operated primarily to address some of the specific areas o f track 

components that indicated immediate improvement was needed. Two major areas in this 

category include turnouts and field welds. Other test areas, such as fatigue o f rail, grinding 

and ballast life, did not exhibit a full life cycle during the initial 160 M G T, and additional 

operations will be required to complete experiment objectives. Finally, the performance of 

some components, although adequate, could still be improved. The installation o f a full matrix 

o f tests to evaluate new and improved fastening systems, ties, rail and other track components 

will allow the evaluation of such items to continue.

Future F A S T /H A L  investigations will need to incorporate advanced technology in 

mechanical equipment designs. The program goals will be to monitor the effects o f such 

equipment on existing as well as other improved track components. This will allow the 

engineering staff to determine the effect that such designs will have, if any, on overall operating 

and maintenance costs of a Heavy Axle Load system.
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APPENDIX B

1990 HEAVY HAUL WORKSHOP AND FAST/HAL PROGRAM 
DESCRIPTION OF EXPERIMENTS



D ESCRIPTIO N  O F EXPERIM ENTS

Below is a summary o f the experiments that 
have been implemented to meet the objective 
o f the H A L  Program.

Rail Performance Experiment

The Rail Performance Experiment is one of 
the major tests currently being performed at 
FAST. The objective o f this experiment is to 
determine the effects o f 39-ton axle loads on 
rail wear, rail defect occurrence and growth, 
corrugation occurrence, metal flow, and weld 
batter.

This test is concentrated on the high rail of 
the three main curves of the HTL. The 
lubrication o f the outside rail dictates that 
fatigue tests occur in Sections 25 and 3. Rail 
wear testing is performed in Section 7 due to 
the dryness of the high rail.

Rails of varying cleanliness, chemistry, 
hardness, and profiles were installed to see 
how they affect the test parameters. Clean­
liness pertains to the volume and type of 
inclusions in the steel; chemistry refers to the 
chemical make-up of the steel. The hardness 
of the rails varies from 269 Brinell (old 
standard practice) to 370 Brinell (in-line 
head hardened practice), and rail profile 
generally pertains to the crown radius of the 
rail head, i.e., how round or how flat the rail 
head is.

Though most o f the rail was new at the 
beginning o f the test, some had previous 
exposure to traffic. This includes conditioned 
rails with 150 M G T  of 33-ton axle load 
exposure and "dry break-in" rails with 15 
M G T  of nonlubricated 39-ton axle load 
exposure. Also, some o f the new rail installed 
was the same type that was tested during the 
100-ton car test. The 100-ton and the 125-ton 
test results on this particular rail can and will 
be compared with each other.

A  special rail grinding/conditioned rail 
experiment is being performed in Section 25. 
This test consists of four test zones: (1) rail 
with 15 M G T  of dry 39-ton axle load expo­
sure, (2) rail with a profile ground to match 
a worn profile, (3) asymmetrically ground 
rail, and (4) rolled rail. This test will be used 
to determine whether rail fatigue life can be 
improved by conditioning the rail with dry 
exposure, grinding the profile for "artificial 
wear," or grinding an asymmetrical rail pro­
file pattern to alter the wheel/rail contact 
geometry.

Tie and Fastener Experiment

The objective of the T ie and Fastener 
Experiment is to determine behavior and 
performance o f concrete and wood ties, along 
with various types of rail fasteners in a heavy 
axle environment. The experiment includes 
three separate areas o f investigation: (1) 
wood tie and fastener performance, (2) gage 
restraint ability, and (3) concrete tie and 
fastener performance.

Test zones are established in the 5- and 
6 -degree curves o f the H TL. Measurements 
include track geometry, fastener stiffness, tie 
plate cutting, visual inspections of concrete 
ties, and dynamic rail loads and deflections.

The data will be analyzed to determine the 
behavior of the tie/fastener systems as a 
function o f traffic accumulation (M G T) and 
compared to performance under the 100-ton 
consist.

The experiment also addresses the ability of 
wood ties with cut spike fasteners to maintain 
gage.

Measurements o f dynamic lateral wheel 
force and lateral rail deflection will be taken 
at various locations on the H T L  at various 
increments of M G T  accumulation to char­
acterize the dynamic performance of the 
various systems. The dynamic vertical and 
lateral wheel loading o f the test zones will 
also be characterized on a regular basis.
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Track Irregularity
Early in the 100-ton test, turnouts were 
evaluated for component performance. A  
similar experiment is being conducted during 
the H A L  phase with two #20 turnouts.

Turnouts and Frogs

The experiment will measure the load envi­
ronment, geometry degradation, vehicle 
response, and stiffness of the turnouts at 
specific levels o f tonnage accumulation.

The by-pass track will permit operation on 
both sides o f the turnouts, with a minimum 
of 20 percent o f the traffic on the diverging 
side of the turnout. Since the traffic on the 
H T L  is primarily unidirectional, one turnout 
is exposed to predominantly facing point 
movements and the other to trailing point 
traffic. Load data is collected through the 
turnouts using an instrumented wheel set and 
rail mounted strain-gage circuits. Dynamic 
lateral, vertical, and longitudinal rail deflec­
tions are taken at the point and heel o f switch, 
and at the point of frog and guard rail area. 
Vertical and lateral track stiffness measure­
ments are taken at selected points throughout 
the turnout.

A  test o f newer design turnouts using move- 
able point frogs and concrete ties may be also 
be implemented.

As part of the turnout and frog test, a "frog 
farm" was recently installed in the tangent 
track of Section 22. The five isolated frogs 
(frogs not in turnouts) consist of three rail- 
bound manganese and two European 
designed frogs. The objective of this test is 
to compare the performance characteristics 
of the frogs. Criteria include insert wear rates 
and maintenance time demanded. The 
inserts were radiographed prior to installa­
tion to determine inclusion and void content. 
These results will be used in performance 
evaluations.

The Track Irregularity Experiment is 
designed to determine track geometry deg­
radation at rail profile irregularities such as 
battered welds and joints.

The affect of vehicle dynamics, specifically 
roll and bounce motions, on track degrada­
tion will be observed. The key parameters 
being measured are applied wheel loading as 
measured with an instrumented wheel set and 
rail mounted strain gage circuits, and track 
geometry. Supporting data includes longi­
tudinal rail profile and vertical track stiffness.

Ballast Resistance Characterization

The Ballast Resistance Characterization 
Test will define the rate at which track lateral 
resistance as provided by the ballast section 
is restored with traffic, after disruption o f the 
ballast section by maintenance.

Ballast Test

A  comprehensive ballast experiment com­
pares performance o f gramte, limestone, 
traprock, and dolomite ballasts, with results 
obtained during the 100-ton phase. A  test 
zone of each ballast type is established on a
5-degree curve, and varies in length from 570 
to 900 feet.

Each test zone contains approximately 8 
inches of sub-base material between the 
subgrade and the ballast section, and a below 
tie ballast-depth of 12-15 inches at the low 
rail. Track geometry, loaded track profile, 
track settlement, sieve analysis, ballast den­
sity, and vertical track modulus are measured 
in each zone.

Ballast degradation, track strength, and track 
geometry are the parameters used to evaluate 
ballast performance as a function o f M G T  
accumulation.
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Subgrade Test TRAIN OPERATION
The potential for subgrade failure is one of 
the more troubling issues in evaluating track 
performance under heavy axle loads.

Available analytical models have not been 
validated for axle loads of 39-tons. One 
hypothesis predicts linear increases in sub­
grade pressures and deformations while 
another postulates a non-linear increase 
resulting in additional maintenance 
requirements. The potential for complete 
subgrade failure also exists.

To provide validation data, pressure cells and 
extensometers, which measure subgrade 
deflection, have been installed at two sites on 
the H TL. Test site is located on tangent track 
with slag ballast. The site is on a fill area with 
a below tie ballast depth of 18 inches.

Unlike the other H A L  experiments, the 
1 0 0 -ton comparison is not based on early 
F A S T  data, but on subgrade pressures and 
deflections acquired during the final months 
of the 100-ton operation. This was done to 
obtain as closely as possible the same soil 
moisture and compaction levels between 
programs.

Mechanical Components Performance

During the initial stages o f the H A L  Program, 
aw heel wear evaluation will be conducted as 
a part o f the Mechanical Component Per­
formance Experiment. The objective is to 
determine the wear rate and fatigue behavior 
of the 38-inch, class C  wheels expected to be 
used in revenue service with heavy axle loads. 
A  few class C, 36-inch wheels with 33-ton axle 
loads will be inserted into the H A L  consist 
for comparative purposes.

The test consist will include three H A L  cars 
equipped with standard three-piece trucks, 
and three 100-ton cars equipped with stan­
dard three-piece trucks.

A  fleet o f high side gondolas and covered 
hopper cars has been obtained and loaded to 
a gross vehicle weight on the rail o f 315,000 
pounds. To replicate the center o f gravity 
typical o f these cars in revenue service, the 
gondolas are loaded with a lightweight 
aggregate material with a density similar to 
coal and the covered hoppers filled with sand 
to simulate concrete.

Normally, the consist includes 65 to 85 H A L  
cars plus the three 100-ton cars o f the 
Mechanical Components Test. Four or five 
4-axle locomotives are used to power the 
train at a steady 40 mph, resulting in an 
overbalance condition o f approximately 2 
inches on the curves.

The train operates an average of three days 
per week, with two days set aside for track 
maintenance, and car inspection and repair. 
A  typical day of train operation produces 1 
M G T  o f tonnage on the track and 270 miles 
on the cars. Every 5 M G T, track geometry 
data is collected for experimental and 
maintenance purposes. A n  ultrasonic rail 
flaw inspection vehicle is operated at 3 M G T  
intervals.

The train operates in a counterclockwise 
direction on the loop, except for 30 laps every 
3 M G T  when the train is reversed. The 
reversal o f direction alters the shape o f rail 
defect growth rings, permitting accurate 
tracking o f defect growth rates. Car orien­
tation is reversed periodically to equalize 
wheel wear.

SUMMARY AND DESCRIPTION 
OF MEASUREMENTS

Measurements required by each experiment 
are conducted periodically, usually triggered 
by a specified accumulation o f tonnage. The 
various measurements taken at F A S T  are as 
follows:

Rail Head Profile

The Yoshida rail head profilometer is used 
to record a 1:1 copy o f the rail head profile.
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Two measurement devices are used to mea­
sure Brinell and surface hardness at several 
points at the top o f the rail head.

Rail Hardness

Tie Plate Cutting

The height o f the tie plate relative to top of 
the tie is measured with a self indexing 
fixture.

Track Inspection

A  walking inspection of all test zones is 
made every 1 M G T  to 3 M GT.

Lateral/Vertical Rail Force

Dynamic vertical and lateral wheel loads 
are measured with strain gage circuits 
mounted on the web and base of the rail.

Dynamic Rail Deflection

Displacement transducers measure rail 
head and base lateral displacement relative 
to the tie.

Track Geometry

Track geometry is measured with an EM80 
track geometry car.

Vertical Track Stiffness

A  known vertical load is applied to the rail 
and the resultant vertical rail deflection 
measured.

Spike Pullout Resistance

A  load cell is used to measure the force 
needed to pull the spike from the tie.

A  load cell is used to measure the force 
needed to displace individual ties laterally 
through the ballast section.

Single Tie Push Test

Ballast Sieve Analysis

Gradation analysis o f ballast per the A STM  
C136 modified procedure.

Ballast Flakiness Indices

Classification o f ballast particles having a 
thickness dimension less than 60 percent of 
nominal particle size.

Ballast Elongation Indices

Classification o f ballast particles whose 
length is greater than 180 percent o f nomi­
nal particle size.

C IG G T  Shape Factor Test

Ballast particles retained on a specific sieve 
are measured for smallest width and long­
est dimension. Shape factor is the ratio of 
the sum of the longest dimension to the 
sum of the shortest width.

Ballast Density

A  nuclear density probe is inserted into a 
steel pipe which has been installed through 
the tie and ballast to 3 inches above the 
subgrade/ballast interface to measure the 
ballast density.

Loaded Track Profile

The top o f rail elevation is measured under 
the wheel of a fully loaded car. !



Level Net

Top of tie elevation is taken immediately 
outboard o f both rails. Tacks are used to 
ensure subsequent measurements are taken 
at the same location.

Subgrade Classification

Laboratory tests are performed in accor­
dance with the A S T M  D2487 standard to 
classify soil for engineering purposes.

Moisture Content

Laboratory tests are performed in accor­
dance with the A S T M  D2216 standard to 
determine the soil moisture content.

Liquid and Plastic Limit

The A ST M  standards D423 and D424 are 
used to determine the liquid and plastic 
limits o f the soil.

Instrumented Tie Plate

The rail seat load on wood ties is measured 
with instrumented tie plates which have 
been calibrated in track.

Dynamic Soil Measurements

The dynamic response o f pressure cells and 
extensometers installed in the subgrade 
under the ties is monitored.

Static Soil Measurements

The measurement is accomplished by load­
ing the track incrementally to a maximum 
of 50,000 pounds at each tie where 
subgrade pressure transducers have been 
installed.

Continuous W heel Load Measurement

Instrumented wheel sets are utilized to 
measure vertical and lateral wheel loads, 
and axle torque.

Gage Widening

Static lateral and vertical loads are applied 
to both rails simultaneously producing a 0.5 
L / V  ratio, and the total lateral displace­
ment o f the rails are measured relative to 
the tie.

Longitudinal Rail Profile

A  profilometer traces the rail head profile 
in the longitudinal direction for a length of 
36 inches.

Goop Gage

A  template is used to measure lubrication 
position on the gage side o f the rail head.

Rail Flaw Monitoring

The rail is inspected for internal defects 
using ultrasonic equipment.

Rail Corrugation

Running surface degradation o f rails and 
welds are monitored using the longitudinal 
rail profilometer.

Dynamic Corrugation

Strain gage circuits are mounted on the web 
of the rail to measure the load at the corru­
gation valley and the peak.
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CN Profllometer and Snap Gage

A  CN  profllometer is used to collect wheel 
profile data and a T T C  snap gage measures 
wheel area loss.

M etallurgical Evaluation

Selected rails and wheels exhibiting internal 
and/or surface defects are submitted to 
macroscopic inspection, metallography, 
hardness profiles, scanning electron micros­
copy and x-ray analysis.

D ESCRIPTIO N  OF H TL TR ACK  SE C ­
TIONS

The typical H T L  track structure consists of 
continuous welded rail fastened to wood ties 
with cut spikes and fully box anchored at 
every second tie. Included in specific test 
zones are concrete ties, jointed rail, and 
elastic type rail fasteners. A  description of 
each section follows:

Transition zone/available for testing. 
Location of hot bearing detector.

Transition zone/available for testing.

Section 3
3740 ft. o f Track on a 5 Degree Curve

Location o f Ballast, R ail Performance and 
Tie and Fastener Experiments.

Rail performance measurements include 
gage point wear, head height loss, metal flow, 
rail head profile, rail hardness, welded rail 
end batter, LRP, goop gage, rail flaw moni­
toring, wheel force data, track geometry, and 
corrugation.

Tie measurements include track geometry, 
rail fastener stiffness, rail loads, dynamic rail 
deflection, tie plate cutting, and static track 
gage.

Ballast measurements include ballast sam­
pling, particle indices, ballast gradations, 
loaded profiles, level net, ballast density, 
track geometry, and vertical track modulus.

Transition zone/available for testing.
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Section 5
224 ft. o f Tangent Track

Location o f Subgrade Experiment and Frog 
Casting Performance T e s t .,

Measurements include static and dynamic 
subgrade pressure and deflection.

The subgrade material will be classified in 
the laboratory and tested for moisture con­
tent, liquid and plastic limits.

Location of hot bearing and acoustic bearing 
detector.

Location o f Ballast Resistance Character­
ization Test.

Measurements include lateral ballast 
resistance as measured with the single tie 
push test.

Location o f Tie and Fastener and Rail Per­
formance Experiments.

Tie measurements include tie plate cutting, 
fastener stiffness, rail loads, dynamic rail 
deflections, track geometry, and static 
track gage.

Rail wear measurements include gage 
point wear, head height loss, metal flow, 
rail head profile, rail hardness, welded rail 
end batter, LRP, and rail flaw monitoring.

Location of Ballast Resistance Character­
ization Experiment..

Measurements include lateral ballast 
resistance as measured with the single tie 
push test.

Road crossing and #10 turnout.

Proprietary test of uncased 12 inch and 36 
inch pipes buried under railroad track.



Frog Casting Performance Test.

Wayside rail lubricator.

Transition zone/available for testing.

Location of Rail Performance, Ballast 
Resistance Characterization and Tie and 
Fastener Experiments.

Tie measurements include tie plate cutting, 
fastener stiffness, rail loads, dynamic rail 
deflections, track geometry, and static 
track gage.

R ail performance measurements include 
gage point wear, head height loss, metal 
flow, rail head profile, rail hardness, 
welded rail end batter, LRP, rail flaw mon­
itoring, goop gage, track geometry, wheel 
force data and corrugation.

Measurements include static gage widen­
ing.

Measurements include rail/wheel loads, 
dynamic rail deflections, lateral and verti­
cal rail stiffness and track geometry.



Section 29
987 ft. of Tangent Track

Location o f Track Irregularity Experiment

Measurements include rail/wheel loads, 
dynamic rail deflections, vertical track stiff­
ness and track geometry.

Transition zone/available for testing.

Location of Ballast Resistance Character­
ization Experiment and Frog Casting Per­
formance Test.

Measurements include lateral ballast 
resistance as measured with the single tie 
push test.

Location o f Turnout Experiment.

Measurements include rail/wheel loads, 
dynamic rail deflections, lateral and vertical 
rail stiffness, and track geometry.

Measurements include tie plate cutting and 
track geometry.
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Measurements include lateral ballast 
resistance as measured with the single tie 
push test.

Frog Farm Test measurements include Bri- 
nell hardness and cross section profiles of 
the frogs.

Sections 28B - 34B 
By-pass Track

1187 ft. of tangent track, 2 - 300 foot spi­
rals, and 511 ft. of track on a 5 degree 

curve

Location of the Ballast Resistance Charac­
terization Experiment.

Measurements include lateral ballast 
resistance as measured with the single tie 
push test.

DATA CO LLECTIO N  AND REPORTING

The various data are collected on magnetic 
tape/disk or recorded manually on a data 
form, then transferred to a data base on 
T T C ’s mainframe computer. A ll the dynamic 
data collected under the train is saved in 
digital format; the digitizing frequency being 
1000-1500 samples per second. The tracings 
from the different profilometers are also 
digitized as X Y  coordinates to permit com­
puter generated profile shapes and the 
computation of area loss. The track geometry 
data is digitized at one sample per foot of 
track.

Interim reports describing progress o f the 
various experiments will be issued, along with 
a final report. These reports will be published

by the F A S T  program and information as to 
their availability can be obtained through the 
F R A  program office -  (202) 366-0464.

During the time the experiments are active, 
the T T C  staff is planning to host several "open 
house" seminars so that interested parties can 
visit T T C  and receive an up-to-date assess­
ment o f experiment progress, including a 
walking tour o f the H TL. The seminar 
schedules will be published in the various 
railroad trade journals. If more information 
is required, interested parties should contact 
the F A S T  Program Manager at (719) 
584-0581.

SAFETY CONSIDERATIONS

High volume, high mileage train operation 
can be very informative, but must be con­
ducted safely. To ensure safety of personnel 
and equipment, visual inspections of the 
consist and car components are performed 
on a regular basis. A ll safety procedures 
comply with the A A R  and F R A  safety stan­
dards as appropriate.

The safety oriented measurements are as 
follows:

Wheels

Every car and locomotive wheel is measured 
for flange thickness, flatness and height, and 
rim thickness. Visual inspections are made 
to detect cracked or broken flanges; thermal 
cracks in flange, tread or plate; built-up, 
grooved, shelled or slid-flat treads; cracked, 
broken, burnt, shattered or spread rims; 
overheated wheels; cracked or broken plates 
or hubs.

Axle Journal Roller Bearings

The journal roller bearings are checked for 
grease loss, and loose or missing cap screws.
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During regular shop maintenance, safety 
checks are made for adapter crown wear, 
pedestal roof wear above the adapter, thrust 
shoulder wear, and machined relief wear.

Roller Bearing Adapters

Trucks

Friction castings, side frames, and bolsters 
are checked for deterioration.

Air and Hand Brake

Train crews check for cracked or bent pipes, 
fittings and valves; defective or loose hoses; 
broken shoe keys; piston travel and inop­
erative air brakes; inoperative hand brakes; 
and worn brake beams, levers, guides, or 
bends.

Miscellaneous Components

Minimum standards examinations of running 
boards, brake steps, sill steps, handholds, 
ladders, center sill, body bolsters and struc­
tural welds are conducted.

Center Plates

During regular maintenance periods, crews 
check for vertical wall wear on both body and 
truck plates, horizontal surface wear and 
vertical linear weld cracks on the truck center 
plate. In addition to the regular maintenance 
intervals, inspections are required for body 
center plate cracks and weld connection 
cracks.

Inspections are conducted for required side 
bearing clearances, cracks in the truck side 
bearing cages, wear in the body side bearing 
wear-plates and loose or bent body side 
bearing bolts.

Side Bearings

Brake Shoes

Inspections are made prior to operation for 
cracks, breaks or excessively worn shoes.

Coupler and Carrier Wear Plates

Coupler shank plates and carriers are 
checked for cracks.

Couplers

During regularly scheduled maintenance, 
head and knuckles, shank length, butt thick­
ness, knuckle wear, and draft key wear are 
checked to ensure the components meet 
minimum standards. Coupler body and 
shank are checked for cracks, bends, and 
breaks.

General

A  hot bearing/hot wheel detector unit is 
utilized to momtor the train during each pass 
around the loop. The locomotives are also 
equipped with radio communication to 
advise the crew if a shutdown is necessary.

A  broken rail detector system utilizing a 
modified track circuit system is in constant 
operation to detect broken or separated rails. 
This system is also detects improperly lined 
switches.
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