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Past increases in wheel loads on North 
American railroads have caused concern in the 
industry regarding their effect on rail and rail weld 
performance. Axle load increases from 33 tons to 39 
tons at the Facility for Accelerated Service Testing 
(FAST) have demonstrated some adverse affects on 
rail performance. These Heavy Axle Load (HAL) tests 
were conducted by the Association of American 
Railroads, Transportation Test Center (TTC), Pueblo, 
Colorado, in conjunction with the Federal Railroad 
Administration.

The FAST facility has a 2.7 mile oval railroad, 
known as the High Tonnage Loop (HTL), on which the 
tests are conducted. Rail performance observations 
were first made on the HTL from 1985 to 1988 under 
tonnage applied by a 33-ton axle load coal train. From 
1988 to 1990 observations were made with tonnage 
applied by a 39-ton axle load train.

Four subordinate tests constituted the Rail 
Performance Test: Rail Wear; Rail Fatigue; Rail 
Grinding; and Rail Welds. Results from the Rail Wear 
Test suggest that, in relatively sharp curves while 
under the influence of light lubrication or totally dry 
conditions, gage face wear does increase with 
increased axle loads. There is a benefit (longer rail life) 
which can be gained by using premium rail 
metallurgies under 33-ton axle load traffic. With 
increased axle loads (39-ton) and under lightly 
lubricated conditions, this benefit decreases. 
However, with increased axle loads and under totally 
dry conditions, the benefit increases.

In lubricated curves in which rail life is limited 
by the development of fatigue defects, the effect of 
increased axle loads on rail life is not clear-cut. 
Intermediate strength rails which developed fatigue 
defects under 33-ton axle loads, performed noticeably 
worse under HALs in one case, and performed about 
the same under HALs in another case. One rail type 
which did not develop defects by 160 MGT under 33-

ton axle loads developed numerous detail fractures by 
145 MGT.

Four different rail profile grinding practices 
were used in a 6-degree curve, with the intent to 
evaluate practices which perform best under fully 
lubricated conditions and HAL testing. The four 
practices which constituted the test were (1) 
conditioned by dry operations, (2) ground to a worn 
profile, (3) asymmetrically ground, and (4) as-rolled. 
Shells developed in the ground worn and as rolled 
profiles. Detail fractures developed in the asymmetric 
profile while the conditioned rail did not develop 
defects. Results may have been affected by the nature 
of the rail placed in test.

Electric flash butt and thermite welds were 
used to join test rails for the HAL test. Flash butt weld 
failure rates slightly increased during HAL testing with 
welds primarily removed because of horizontal web 
cracks. A significant increase in thermite weld failures 
occurred in the high rails of curves during HAL testing. 
Horizontal web cracks and head shelling were the two 
primary causes for the removal of the standard carbon 
welds during HAL testing.
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EXECUTIVE S U M M A R Y

Past increases in w h eel loads on N orth Am erican railroads have caused concern in the 

industry regarding their effect on rail and rail w eld  perform ance. A xle  load increases from  

33 tons to 39 tons at the Facility for Accelerated Service Testing (FAST) have dem onstrated 

some adverse affects on rail performance. These H eav y  A xle  Load (HAL) tests w ere 

conducted b y  the A ssociation of Am erican Railroads, Transportation Test Center (TTC), 

Pueblo, Colorado, in conjunction w ith the Federal Railroad Adm inistration.

Rail perform ance observations were first m ade on the H igh Tonnage Loop (HTL) 

from  1985 to 1988 under tonnage applied b y a 33-ton axle load coal train. Then from  1988 

to 1990 observations w ere m ade w ith tonnage applied b y  a 39-ton axle load coal train.

Four subordinate tests w ere conducted on the H TL, a 2.7 m ile track, at FAST. These 

tests included the Rail W ear Test, the Rail Fatigue Test, the Rail G rinding Test, and the 

Rail W elding Test. G enerally, at TTC, rail w ear tests are conducted in a curve on the H TL 

w here little lubrication is applied on the high rail o f that curve. In such a scenario, rail 

w ear rates are high due to abrasion at the w heel/rail interface. Rail fatigue tests are 

conducted in curves that carry a substantial level of lubrication on the high rail o f the 

curve. In this scenario, w ear is trivial and the developm ent of fatigue limits rail life. Rail 

grinding tests are fatigue tests w hich evaluate different rail grinding practices. Finally, 

rail w eld  tests include evaluating a w eld 's resistance to w ear and fatigue.

Results from  the Rail W ear Test suggest that in relatively sharp curves, under the 

influence of light lubrication or totally dry conditions, w ear rates increase w ith  increased 

axle loads. U nder totally d ry operations, the increase in w ear occurred as elevated vertical 

w ear on the high rail of the curve. Under lightly lubricated conditions, the lateral and the 

head height w ear rates of the high rail both increased. There is a benefit (longer rail life) 

w hich can be gained b y  using prem ium  rail m etallurgies under 33-ton axle load traffic. 

W ith increased axle loads and lightly lubricated conditions, this benefit decreases. 

H ow ever, w ith  increased axle loads and totally dry conditions, the benefit increases.

In lubricated curves, increased axle loads affected expected rail life b y  the devel­

opm ent of contact fatigue defects. Intermediate strength rails that developed fatigue 

defects under 33-ton axle loads perform ed noticeably w orse under H A Ls in one case, and
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perform ed about the sam e under H ALs in another case. Another rail type, m ade w ith  a 

clean steel process, d id  not develop defects b y  160 M G T under 33-ton axle loads and but 

developed num erous detail fractures b y  145 M GT of H ALs. Finally, rail m anufactured b y  

an old AJREA standard hardness of 248 Bhn survived  from  60 to 132 M G T of 33-ton axle 

loads and only su rvived  37 M GT of 39-ton axle loads.

Four different rail profile grinding practices w ere used in a 6-degree curve, w ith  the 

intent to evaluate practices w hich best perform under fu lly  lubricated conditions and H A L  

testing. The four practices w hich constituted the test w ere conditioned rail initially sub­

jected to 15 M G T of totally dry (nonlubricated) operations; rail ground to the naturally 

w orn profile occurring on the HTL; asym m etrically ground; and as-rolled. Shells 

developed in the ground w orn and as rolled profiles. Detail fractures developed in the 

asym m etric profile w hile  the conditioned rail did not develop defects. Results m ay have 

been affected b y  the nature of the rail placed in test.

Electric flash butt and thermite w elds were used to join test rails for the H A L  test. 

Flash butt w eld  failure rates slightly increased during H A L  testing and w eld s w ere pri­

m arily rem oved because of horizontal w eb cracks. A  significant increase in thermite w eld  

failures occurred in the high rails during H A L testing. U nder 33-ton axle loads and b y  65 

M GT, 29 percent of thermite w elds installed in the high rails of curves had failed. This 

figure increased to 67 percent under H A L 's m eaning the failure rate more than doubled. 

H orizontal w eb  cracks and head shelling w ere the tw o prim ary causes for the rem oval of 

the standard carbon thermite w elds during H A L  testing.
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IN T R O D U C T IO N

Rail perform ance tests have been conducted at the Transportation Test Center (TTC), 

Pueblo, Colorado, on the Facility for Accelerated Service Testing (FAST), H igh Tonnage 

Loop (HTL) since its installation in 1985. The first HTL experim ent, under w hich rail tests 

w ere conducted, w as the Defect Occurrence and G row th Test (D O G ).1 The prim ary 

objective w as to evaluate w ear and fatigue differences between various rail m etallurgies 

w h en  exposed to d ry or lubricated operating conditions. This test accum ulated over 160 

M G T of 33-ton axle load traffic from  June 1985 until M arch 1988. Figure 1 show s the HTL 

layout.

The H eavy A xle  Load Experim ent (HAL) w as initiated on the H TL in July 1988. The 

purpose of the rail perform ance portion of this experim ent w as to investigate the effect of 

39-ton axle loads (HALs) on rail/w eld  fatigue and w ear, especially as com pared to the 

effects of 33-ton axle loads. A t the time of this report, H A L  testing had accum ulated 160 

m illion gross tons (MGT).
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Rail perform ance tests have been divided into four subordinate perform ance tests: 

Rail Wear; Rail Fatigue; Rail Grinding; and Rail W elds. This paper contains sections 

describing the results of each subordinate test as w ell as an overview  of all HTL rail per­

formance tests conducted. The overview  also incorporates rail perform ance research 

conducted elsewhere.

Rail w ear tests are conducted to determine a rail's resistance to m etal particulate loss 

on the rail running surface from  w heel/rail abrasion. Rail fatigue tests determine a rail's 

resistance to surface or subsurface rupture caused from  cyclic loading from  passing wheels. 

Rail grinding tests are fatigue tests w hich, instead of evaluating different rail types, 

evaluate the effects of different rail grinding practices. Finally, rail w eld  tests include 

evaluating a w eld 's  resistance to w ear and fatigue.

The HTL has been operated under a lubricated regim e, except for special controlled 

non-lubricated periods. W hen operations started in 1985, only the outside rail of the H TL 

w as lubricated. Track grease w as applied to the gage face and gage com er of the high rail 

in Section 24 w ith a w ayside lubricator (Figure 1). A fter one year of this type of lubricated 

operation, the FAST train derailed in Section 28. The derailm ent w as attributed to the 

differential in top of rail friction between the h ighly lubricated outside rail and the dry 

inside rail. This differential created high truck turning m om ents w hich  lead to rail fastener 

w eakening and eventual rail roll-over. To reduce the differential friction, a light oil w as 

applied to the top of the inside rail. The standard operating procedure n ow  is to lubricate 

the high (outside) rail in Section 25 and apply light oil to the top of the lo w  (inside) rail.

Due to the m ethods of lubrication on the HTL, rail fatigue tests have been conducted 

in Sections 03 and 25 w hile rail w ear tests have been conducted in Section 07. Section 25 

is a 6-degree curve w ith  5 inches o f superelevation, and Sections 03 and 07 are 5-degree 

curves w ith 4 inches of superelevation. Under the h ighly lubricated conditions on the 

outside rail, rail w ear rates are extrem ely lo w  w hich in turn m akes w ear evaluation dif­

ficult. Fatigue is com m on w here lubrication is present on high rails of curves as in Sections 

25 and 03.

Section 07 w as originally selected for rail w ear testing because the high rail (inside 

rail of the HTL) of that curve w as not lubricated at all, and w ear rates w ere very  high. 

A fter the derailment in Section 25, and subsequent application of light oil to the inside rail, 

the high rail in Section 07 w as contaminated. Other contamination of the inside rail came
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from  the train being turned every 3 M GT and lubrication on the w heels being carried over 

from  the outside to the inside rail. Even w ith slight contamination of the high rail, Section 

07 lubrication conditions approach that of a dry track, and w ear rates are elevated enough 

to m ake valid  com parisons in relatively short time frames.

The special non-lubricated periods previously m entioned consisted of tw o periods 

w hich  w ere com pleted consecutively between the 33-ton axle load and 39-ton axle load 

tests. The 33-ton axle load  d ry  test, w hich came at the end of the 33-ton axle load lubricated 

test, lasted for 10 M G T  and w as follow ed b y a 15  M G T period o f the 39-ton axle load d ry 

test. A t  the time of operation, FAST engineers hoped that rail w ear rates could be estab­

lished for all curves o f the H TL (Sections 03,07 and 25).

Throughout the entire HTL operation, the train operated at 40 m ph in a counter­

clockw ise direction. A t  this speed, the train w as 2 inches over balance speed for both the 

33- and 39-ton axle load test. The FA ST\H A L train consisted of four or five 4-axle 

locom otives and 70-80 loaded 125-ton hopper cars. Part o f the standard operating pro­

cedure w as that the train be turned every 3 M GT and operated in a clockw ise direction 

for 30 laps. D uring the clockw ise operation, the w ayside lubricators w ere turned-off to 

a llow  lubrication levels to drop and make flaw  detection runs more accurate. This pro­

cedure w as adopted for the benefit of rail fatigue tests because the train reversal places a 

beach m ark on grow in g fatigue defects. These beach m arks can then be used to determine 

fatigue crack grow th rates.
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P A R T  I - R A IL  W E A R  T E ST

1.0 OBJECTIVE

The objective of this experim ent w as to determine the effect of increasing axle loads from 

33-tons to 39-tons on rail w ear rates. Another objective w as to investigate the w ear 

resistance of various types o f rails relative to a standard carbon "control" rail.

G age face w ear is the predom inate form  of w ear at FAST's Section 07 and is the focus 

o f Part 1 of this report. H ow ever, rail head height w ear and rail corrugation grow th data 

is also presented.

2.0  P R O C E D U R E

Rails w ere installed in Section 07, m onitored for w ear under both 33-ton and 39-ton axle 

loads, and rem oved from  test w h en  steady w ear rates w ere established or w hen rails 

becam e too w orn for safe train operations.

A  special dry w ear period, described in the introduction of this report, w as also 

conducted on the norm ally lubricated curves of Sections 03 and 25. D uring these periods, 

rail w ear w as monitored under 10 M G T  of 33-ton axle loads and 15 M G T of 39-ton axle 

loads.

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

Rail w ear measurements w ere norm ally taken at 15 M GT intervals and included gage w ear 

measurements, head height w ear measurements, and longitudinal rail profiles. Brinell 

hardness measurements w ere also perform ed to determine original rail hardnesses, and 

dynam ic loads w ere collected at specific locations.

2.1 .1  G ag e  Face W ear

The gage face w ear device, show n in Figure 1, is used to determ ine gage w ear on the high 

rails of curves. Referencing the top and the field side of the rail head, a dial indicator 

reading on the gage face is taken 5/8 inch below  the running surface. Accuracy of the 

readings is plus or minus 0.003 inches. Data is recorded at different M G T intervals and 

is entered into a com puter database. W ear rates are calculated b y  a com puter program , 

w hich  statistically positions a linear regression line through a scattergram of the data 

collected over several m illion gross ton (MGT) intervals. Figure 2 is a sam ple scattergram 

w ith  the regression line and slope o f that line. The slope of the line indicates w ear rate in 

inches/M GT.
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F igu re  1. G age  Face W ear M ea su r e m en t

GAGE POINT WEAR
HEAVY AXLE LOAD, CONTAMINATED OPERATION - SECTION 7

RAIL MGT
Slope of Regression ■  .002671

F igu re 2. Scattergram  W ith  R e g r e ss io n  

2.1 .2  H e a d  H e ig h t  L o ss

The head height loss instrument, shown in Figure 3, takes a direct measurement at the 

center of the rail head. This device references the base and w eb of the rail and also has an 

accuracy of p lus or m inus 0.003 inches. Data is collected for high and lo w  rail of curves 

and processed as w ith  the gage face w ear data.
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Figure 3. H ead H eight Loss M easurem ent

2.1.3 Longitudinal Rail Profiler

The Longitudinal Rail Profiler (LRP machine) records a 1 meter longitudinal tracing of a 

rail's running surface onto a 10-inch strip chart. Vertical fluctuations are m agnified by 

7.87 times so that .05 inch in change is reflected as 1 m illimeter (mm) on the strip chart. 

The LRP machine is used to record corrugation w avelengths and depths, or w elded rail 

end batter.

2.1.4 B rinell Hardness

Brinell Hardness (Bhn) is taken on the running surface of rail w ith  one of tw o hardness 

testers. Both testers are portable and provide a 3,000 kilogram  (kg) load on a 10 m m  ball; 

one is pum ped m anually, w hile the other is automatic. M easurem ents are taken w hen the 

rail is new , and periodically thereafter.

2.1.5 D ynam ic Load M easurem ents

D ynam ic load measurements are used to determine w heel loads a rail at a particular 

location of track is actually being exposed to. These m easurements are accom plished with 

the use of strain gages placed on the rail. Though readings from  these gages m ay not be 

representative of w hat is happening throughout a particular section, they are very accurate 

for specifically selected sites. This technique w as used for load m easurements in corru­

gated rail.

2.2 TEST L A Y O U T

A ll rails in this test (RE 136, RE 132, or RE 133) were donated b y  num erous rail man­

ufacturers w orldw ide to the F R A /A A R  FAST program. Section 07, a 5-degree curve, is

1 , 0 0 0  feet long w hich allow ed up to eight types of rail (120 feet each) to be tested 

concurrently. Figure 4 illustrates rails w hich w ere previously tested and under what
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conditions. The position of each rail within the curve, which is shown on the left side of
this figure, shows the approximate location of the rail in Section 07. Position 1 is the first
rail in the curve the train passes over when traveling in a counterclockwise direction.

Several rail changes have occurred since the beginning of the H TL and are also show n 

in Figure 4. For exam ple, the A lloy H H  (Off-Line) 360 rail w as installed at 10 M G T of the 

33-ton axle load test. This rail remained in test through the contaminated 33-ton axle load 

test, the d ry 33-ton axle load test, the dry 39-ton axle load test, and the contam inated 39-ton 

axle load test. It w as rem oved after 70 M GT of 39-ton axle load testing and replaced b y 

the standard 283 Bhn rail.

POSITION 

IN CURVE

0
MGT

50

MGT

RAILS INSTALLED AT VARIOUS MGT

1 I------- Alloy HH (Off-Line) 360 ----- r~ Standard 283

i i !
2 n z CrMo 316 | HH (IN-LINE) 317

i i l
3 c HH (Off-Line) 369 I HH (Off-Line) 356

1 1 1 
l 1 1

4 c HH (In-Line) 362 I HH (In-Line) 370
I I i 
I l 1

5 : HH (In-Line) 367 I Alloy HH (In-Line) 375
I I |
i i !

6 in Standard 291 1 Standard 290 1 Standard 342
i i 1 
1 l i

7 n Alloy HH (In-Line) 360 1 Standard 337

I I I I I I I I
| HH (IN LINE) 364

I I  I I  I I  I I I I  I I  ! 
100 
MGT

! 160I
I MGT I

I *II

I |
! !

I I I I I II I
50 100

MGT MGT

I I I I
160
MGT

-33-TON AXLE LOAD 

CONTAMINATED —

-39-TON AXLE LOAD 

■ CONTAMINATED —

MAY, 1965
PRESENT 

OCTOBER, 1990

Figure 4. H istory o f R ail in H TL Section 07
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3.0 RESU LTS

3.1 G A G E  FA C E  W EA R

W ear results from  the tw o non-lubricated periods of the usual fu lly  lubricated curves of 

Section 03 and 25 w ere very questionable. There are tw o reasons for this. First o f all, in 

lubricated curves, the pattern of w ear is ve ry  different from  non-lubricated curves. In fact, 

w ear rates are so lo w  that some m etal flo w  exists on the gage face of m any rails in  these 

lubricated curves. Sufficient exposure to d ry w ear is required to produce conformal 

w heel/rail profiles and steady state w ear rates. Second, the 39-ton axle load test introduced 

w heels w ith  n ew  A A R  1:20 profiles, both 38 inch Class B (Bhn 277 m in to 341 max) and 38 

inch Class C  (Bhn 321 min to 363 max). These n ew  profiles and hardnesses w ere different 

from  the 33-ton axle load test w heels (36" class U  w heel sets, Bhn « 249-273) w ith  w orn 

profiles. The tw o d ry periods did  not have enough tonnage in Sections 3 and 25 to produce 

the conform al profiles needed for valid  w ear rate comparisons. This data is excluded from  

w ear analysis in  this report.

Table 1 lists the various rails, their hardness as tested at TTC, and gage face w ear 

rates collected from  1986 to 1989 in Section 07. In evaluating w ear results, this report 

concentrates on the rails w hich w ere in track under all four operating conditions; that is, 

the first seven rails listed in Table 1. The standard 291 Bhn rail w as replaced at the end of 

the d ry  test period w ith  standard 290 Bhn rail. For com parison purposes, these tw o rails 

w ill be considered the same. Three m ain groups of rail types w ere included in the test: 

(1) the standard and the CrM o rails -- controlled cooled (CC) rail, (2) the in-line and off-line 

head hardened (HH) rail, and (3) the in-line and off-line alloy head hardened (A lloy HH) 

rail.
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Table 1. Gage Face Wear Rates

RAIL DRY
OPERATIONS

CONTAMINATED
OPERATIONS

M etallurgy Hardness
33-Ton Axle 

Load Test 
In./1000 MGT

39-Ton Axle 
Load Test 

In./1000 MGT

33-Ton Axle 
Load Test 

In./lOOO MGT

39-Ton Axle 
Load Test 

In./1000 MGT

A llo y  H H  (O ff-Line) 360 *0.968 2.406 1.371 2.323

CrMo (CC) 316 3.368 4.283 2.812 -

H H  (O ff-Line) 369 2.857 3.275 1.914 2.513

H H  (In-Line) 362 2.923 2.957 1.768 2.323

H H  (In-Line) 367 2.894 2.448 1.476 2.143

Standard (CC) 291 3.315 - 2.604 3.243

A llo y  H H  (In-Line) 380 2.493 2.519 1.067 2.081

Standard (CC) 283 2.039

H H  (In-Line) 317 2.846

H H  (O ff-Line) 358 2.165

H H  (In-Line) 370 1.826

A lloy H H  (In-Line) 375 1.975

Standard (CC) 342 2.261

Standard (CC) 337 3.025

H H  (In-Line) 364 2.457

^Extremely low  wear rate discarded from  analysis

A s expected, the performance of the rails w ithin each category w as similar. The C C  

rails had the highest w ear rates follow ed b y  the H H  rails and the alloy H H  rails. There is 

one rail that w as an exception to the categories, but in only one of the four operating 

periods. The alloy H H  360 rail had a m uch low er w ear rate (.968 in ./ 1,000 M GT) during 

the d ry 33-ton axle load test than the alloy H H  380 (2.493 in ./1,000 M GT). It w as expected 

that the a lloy rails w o u ld  w ear m oderately less than the other H H  rails. But the alloy H H  

360 perform ed so m uch better that it is suspected that unforeseen, and so far unknow n 

factors, had  com e into p lay w hich resulted in low er w ear rates. This extrem ely lo w  w ear 

rate w ill be discarded from  the analysis.

A s  indicated, one of the objectives of this experim ent w as to com pare the w ear 

perform ance of different metallurgies. This can be done b y  looking at the gage face w ear 

figure o f merits. A  figure of merit (FM) is calculated b y  d ivid ing the control rail w ear rate 

b y  other rail w ear rates. For example, during the contam inated 33-ton axle load test, the 

gage FM  for the alloy Bhn 380 is calculated b y dividing the standard 291 Bhn rate of 2.604 

in./l,000 M G T b y  the alloy w ear rate of 1.067 in./l,000 M GT. The resulting FM  of 2.4
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means that the alloy rail perform ed 140 percent better, or w ou ld  last over tw ice as long as 

standard rail under the 33-ton axle load contam inated condition. If w ear rates for standard 

rail w ere unavailable for use as the control rail, C rM o rail rates w ere substituted.

Table 2 sum m arizes all Section 07 gage face w ear FMs (a complete FM  listing is 

located in A ppendix C; Table C l) . Under contam inated operations and 33-ton axle loads, 

the H H  rails increased rail life from  30 percent to 80 percent over standard rail, w hile the 

alloy H H  rails increased life 90 percent to 140 percent. Under contaminated 39-ton axle 

loads (HALs), these same rails increased life 30 percent to 50 percent and 40 percent to 60 

percent, respectively. This data suggests, under contaminated conditions, increasing axle 

loads reduce the benefit (in terms of increased rail w ear life) of H H  and alloy H H  rail over 

standard rail.

T able  2. G age Face W ear Figures o f M erit

RAIL METALLURGY

DRY
OPERATIONS

CONTAMINATED
OPERATIONS

33-Ton Axle 
Load Test 

(FM)

*39-Ton Axle 
Load Test 

(FM)

33-Ton Axle 
Load Test 

(FM)

39-Ton Axle 
Load Test 

(FM)

CC 1.0 1.0 1.0 1.0

H H 1.1 to 1.2 1.3 to 1.7 1.3 to 1.8 1.3 to 1.5
A lloy H H 1.3 1.7 to 1.8 1.9 to 2.4 1.4 to 1.6

*CrMo was used as control ra il.

D ry operations generated different results. D uring the 33-ton axle load test, H H  rails 

increased rail life only 10 percent to 20 percent, and alloy H H  rail increased rail life b y  30 

percent. Under 39-ton axle loads, H H  rail increased life 30 percent to 70 percent, w hile 

alloy H H  increased life 70 percent to 80 percent. Therefore, the benefit of using H H  and 

alloy H H  rail over standard rail under totally dry conditions increased w ith increased axle 

loads.

R eview  of the FMs is appropriate for relative rail performance, but it does not display 

the actual effect of increasing axle loads on individual rails. Table 3 sum marizes the penalty 

factors encountered from  increasing w heel loads from  33 tons to 39 tons under both dry 

and contaminated conditions. Penalty factors (PF) are calculated by dividing the 39-Ton 

A xle  Load Test w ear rate b y the 33-ton axle load w ear rate (a complete PF table is in 

A ppendix C; Table C2).
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T a b le  3. G age  W ear P en a lty  Factors for  
In c re a s in g  A x le  L oads

RAIL DRY CONTAMINATED
METALLURGY OPERATION OPERATION

(PF) (PF)

CC 1.2 1.2
HH .85 to 1.1 1.3 to 1.5

Alloy HH 1.0 1.7 to 2.0

U n d er  d ry  co n d itio n s , in creasin g  the axle load  in creased  the g a g e  face w ea r  rate o f  

CC rails b y  20 percen t, o f  H H  rails b y  -15 percent to 10 percent, an d  o f  a llo y  H H  b y  zero  

percent. T herefore, in creasin g  the axle lo a d  from  33 ton s to 39 ton s (a p p rox im ate ly  18%) 

in crea sed  th e  w ea r  rate o f  stand ard  rail p roportion ally , b u t h a d  n o  ap p aren t affect o n  H H  

an d  a llo y  H H  rails.

A  p o ss ib le  exp lan a tion  for th is can b e  offered . U n d er  to ta lly  d ry  co n d itio n s  and  

33-ton  axle  lo a d s , w ea r  rates w ere  ex trem ely  h igh  no m atter w h a t ty p e  o f  rail w a s  b e in g  

u se d . T his can  b e  see n  in  the Table 2 in  w h ic h  all the FM s are near 1. W h en  the ax le  lo a d  

w a s  in crea sed , the w ear  o f  the H H  and  a lloy  H H  rails rem ain ed  a p p ro x im a te ly  th e sam e  

(see  T able 3). T his su g g e sts  that the w ear  w a s  a surface co n d itio n  an d  n o t c a u sed  from  

su b su rface  m eta l f lo w  (crush ing), i.e ., the w ear overcam e an y  cru sh in g  o f  the gage. 

H o w e v e r , th e  so fter  stan d ard  rail, w h ic h  is m ore su scep tib le  to cru sh in g , en co u n tered  both  

cru sh in g  a n d  surface w ear. T hus, the w ea r  rate o f the CC in creased , b u t n o t in  the p rem iu m  

rails.

U n d er  con tam in ated  op eration s, the CC rail w ear  aga in  in creased  p rop ortion a lly  

w ith  w h e e l lo a d  at 20 percent. H o w e v er , the H H  and  a lloy  H H  rail, w h ic h  sh o w e d  no  

in crease  o f  w ea r  w ith  in creased  lo a d  u n d er  dry  con d ition s, d id  s h o w  an  in crease  w ith  

con tam in ation . T he H H  rail w ear  rate increased  30 p ercen t to 50 p ercen t an d  the a lloy  

H H  rate in crea sed  70 p ercen t to 100 percent. U nder con tam in ated  co n d it io n s , in creasin g  

the axle  lo a d s  in creased  th e  w ear  o f  p rem iu m  rails m ore than stan d ard  rails. Surface w ear  

is  n o t h ig h  e n o u g h  to overco m e crushing; therefore, increasin g  the lo a d  w o u ld  increase  

the w ea r  rate.
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3.2 HEAD HEIGHT LOSS

T he g a g e  face w ea r  data  g iv e s  an  in co m p le te  p ic tu re  o f  th e w ea r  that took  p lace  in  Section

07. C om p arison s o f  h ig h  an d  lo w  rail h ead  h e ig h t lo ss  PFs for in creasin g  ax le  lo a d s  m a y  

h e lp  g iv e  a clearer p ictu re. Table 4  lis ts  all the h ea d  h e ig h t lo ss  rates en cou n tered  in  S ection  

07 that can b e  u se d  for th ese  com p arison s.

T a b le  4. S e c tio n  07 H e a d  H e ig h t  L o ss  W ear R ates

RAIL
METALLURGY

ORIGINAL
BRINELL

HARDNESS

33-TON AXLE 
LOAD TEST 

DRY
OPERATION

(In./lOOO
MGT)

39-TON AXLE 
LOAD TEST 

DRY
OPERATION

(In./lOOO
MGT)

33-TON AXLE 
LOAD TEST 
CONTAMI­

NATED 
OPERATION 

(In./lOOO 
MGT)

39-TON AXLE 
LOAD TEST 
CONTAMI­

NATED 
OPERATION 

(In./lOOO 
MGT)

High
Rail

Low
Rail

High
Rail

Low
Rail

High
Rail

Low
Rail

High
Rail

Low
Rail

Alloy HH (Off-Line) 360 1.101 0.514 1.857 0.546 0.242 0.085 0.440 .0780
CrMo (CC) 1 316 1.740 2.186 2.234 1.250 0.741 0.282 - -
HH (Off-Line) 369 0.488 0.755 1.128 0.334 0.263 0.201 0.506 0.221
HH (In-Line) 362 0.727 0.941 1.299 0.540 0.293 0.165 0.516 0.167
HH (In-Line) 367 0.474 0.401 1.533 0.460 0.273 0.172 0.517 0.234
Standard (CC) 291 1.701 1.900 - - 1.039 0.472 1.462 0.436
Alloy HH (In-Line) 380 0.430 0.479 1.437 0.162 0.251 0.192 0.463 0.143

Standard. (CC) 283 0.874 0.369
HH (In-Line) 317 0.522 0.177
HH (Off-Line) 358 0.285 0.127
HH (In-Line) 370 0.116 0.035
Alloy HH (In-Line) 375 0.105 0.031
Standard (CC) 342 0.751 0.367
Standard (CC) 337 1.414 0.570
HH (In-Line) 364 0.374 0.216

Table 5 su m m a rizes  the h ea d  h e ig h t lo ss  PF ratios o f 39-ton  axle lo a d  w ea r  rate to  

33-ton  axle lo a d  w ea r  rate (a co m p lete  PF listin g  is  lo ca ted  in  A p p e n d ix  C; T able C3). U n d er  

d ry  con d ition s o n  th e h ig h  rail, in creasin g  the axle  lo a d  resu lted  in  an in crease  in  h ea d  

h e ig h t lo ss  in  a ll cases. T he CC rate in creased  30 p ercen t, the H H  in creased  80-220 percen t, 

w h ile  the a llo y  H H  rate in creased  70-230 percent. H o w e v e r , the lo w  rail h ea d  h e ig h t lo ss  

d ecreased  in  m o st cases for CC, H H , and  A llo y  H H  rail. A s  d isc u sse d  earlier, g a g e  face  

w ea r  rem ain ed  ap p rox im ate ly  the sam e u n d er  d ry  co n d itio n s  an d  in creased  axle load s.
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T h is in d ica tes  th at h ig h  rail h ea d  h e ig h t lo ss  m ay  b ecom e a critical factor o f  rail life  u n d er  

H A L s. A ls o , the s u g g e stio n  that surface w ea r  overtakes an y  cru sh in g  u n d er  dry  con d ition s  

is  n o t v a lid  for h ea d  h e ig h t lo ss  as it is  for ga g e  face w ear.

T a b le  5. H ea d  H e ig h t  L oss P en a lty  Factors  
for  In crea sin g  A x le  L oads

RAIL METALLURGY
DRY

OPERATION
CONTAMINATED

OPERATION
Hi^h Rail Low Rail 

(PF)
High Rail 

(PF)
Low Rail 

(PF)

CC 1.3 0.6 1.4 0.9
HH 1.8 to 3.2 0.4 to 1.1 1.8 to 1.9 1.0 to 1.4
Alloy HH 1.7 to 3.3 0.3 to 1.1 1.8 0.7 to 0.9

H ig h  rail h ea d  h e ig h t lo ss  PFs u n d er  contam inated  op eration s are v ery  sim ilar  to the  

d ry  p e r io d  PFs. T he h e a d  h e ig h t lo ss  in creased  in  all cases, aga in  e sp ec ia lly  for H H  and  

a llo y  H H  rail. T h ese  PFs are a lso  com parab le  to the g a g e  w ea r  PFs in  T able 3. Increasing  

th e  axle  lo a d s  u n d er  co n ta m in a ted  co n d itio n s increased  the g a g e  face w ea r  an d  h ea d  h e ig h t  

lo s s  n ear ly  the sam e. H o w e v e r , the PFs for the lo w  rail, w h ic h  are all near 1.0, su g g e st  

h e a d  h e ig h t lo ss  rem ain ed  ab ou t th e sam e.

3.3 C O R R U G A T IO N S

T h ro u g h o u t th e h isto ry  o f  the H TL, S ection  07 has b een  su scep tib le  to corrugations o n  the  

h ig h  rail o f  the curve. D u r in g  op eration  o f the 33-ton  axle  lo a d  test, th ese  corrugations  

w e r e  o b se rv e d  to  b e g in  at a jo in t or a battered  w e ld  in  stan d ard  rail an d  th en  to carry 

th ro u g h  th e  rem ain d er o f  the rail as ton n age  w a s  accu m u lated . T here are n o  exact records  

o f corru gation  d e v e lo p m e n t, b u t the lon ger  the rail rem ain ed  in  serv ice , the d eep er  the  

corru gation s b eca m e u n til the rail e v en tu a lly  had  to b e  grou n d . C orru gation s w ere  also  

n o tice d  in  H H  rails, b u t th ey  w ere  lig h t and  d id  n ot b eco m e w o r se  w ith  ton n age. A  strip  

chart reco rd in g  from  th e  LRP m ach in e  is  sh o w n  in  F igure 5. T his LRP w a s  taken  on  

stan d ard  carbon rail after 7 1 M G T o f contam inated  33-ton  axle o p era tion  an d  w a s  the o n ly  

corru gation  data  tak en  d u rin g  the period . The test s ite  c h o sen  h a d  the d e e p e st  corruga­

tion s. A ssu m in g  the corrugations b eg a n  to d e v e lo p  im m ed ia te ly  w ith  train op eration s, 

a n d  a corru gation  d e p th  o f .09 in ch es after 71 M GT, the g ro w th  rate is  .0013 in /M G T .
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L o n g i t u d i n a l  R a i l  P r o f i l e

C o r r u g a t io n
S e c t io n  7 , Tie 4 2 5 , H igh R ail 

S ta n d a r d  Rail, 3 00  BHN

31 Rail MGT &
49 Rail MGT

C o n ta m in a ted  O peration , 3 9 —Ton A xle Load

F igu re 6. C orru gation  Strip  C hart 3 9 -to n  A x le  Load
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U n d er  con tam in ated  39-ton  axle load s, corrugations in  rail (w ith  the sam e h ard n ess  

o f the p r e v io u s ly  d isc u sse d  rail an d  in  nearly  the sam e loca tion ) w e re  first n o ticed  near  

rail jo in ts  after 5 M G T, a n d  w ith in  the rail itse lf at 10 M G T. T hat is  to sa y  th e corrugations  

b e g a n  n ear ly  as so o n  as the rail w a s  in sta lled  and sh o w e d  s ig n s  o f  rap id  d e v e lo p m e n t as 

to n n a g e  accu m u lated . F igure 6 d isp la y s  the LRPs tak en  at th e  w o r s t  corrugations in  th is  

rail an d  at tw o  in tervals: 31 an d  49 M GT. A  later LRP co u ld  n o t b e  tak en  as the rail w a s  

g r o u n d  at 49  M GT. T he rate o f  corrugation  grow th  sh o w n  o n  th is  chart in creased  from  

.0013 in /M G T  at 0 to 31 M G T to .0017 in /M G T  at 31 M G T to 49 M G T, an d  a v era g ed  at 

.0014 in /M G T . T his in d ica tes  that the grow th  rate in creases as th e corrugation  d ep th  

in creases.

In  th e  lu b rica ted  sec tio n s o f  the HTL, 33-ton axle lo a d  corru gation  records w ere  n ot  

kep t. H o w e v e r , it  h as b een  ob serv ed  that rails w ith  B hn o f  280+  w e r e  in  track in  S ection s  

25 an d  03 for u p  to  150 M G T w ith  n o  h ea v y  corrugations. A lso , rail w ith  B hn o f  o n ly  269  

b eca m e ex trem ely  corru gated  b y  60 M GT in  these sam e cu rves. U n d er  39-ton  axle lo a d s , 

corru gation s in  S ection  25 h a v e  b een  con fin ed  to jo in t loca tion s in  stan d ard  rail an d  h a v e  

n o t b e co m e  severe . In  S ection  03, h o w ev er , standard rail (sim ilar  to  that in  S ection  07) 

b eca m e corru gated  u n d er  39-ton  axle load s as in  S ection  07.

It h a s  b e e n  o b se rv e d  that corrugation  w a v e  len g th s  ch a n g e  w ith  a ccu m u la ted  ton ­

n a g e  as sh o w n  in  F igure 6. T he 31 M G T corrugation, 13 in ch es lo n g , g r e w  to  14 in ch es b y  

49  M G T. T he tw o  strip  charts w ere  overla id  w ith  n o  actual referen ce p o in t, i.e ., on e  p o in t  

w a s  m a tch ed  o v er  the oth er  for a reference. T herefore, the actual m o v e m e n t o f the cor­

r u g a tio n  p ea k s an d  v a lle y s  in  relation  to the rail and to each  oth er h as n o t b een  d eterm in ed .

T o d eterm in e  th e  rail lo a d  en v iron m en t in  the corrugated  sec tio n s, vertica l lo a d  data  

w a s  co llec ted  from  corru gation  p eak s and  va lley s  in  S ection  07. Strain  g a g e s  w ere  ap p lied  

to  the rail at tw o  p ea k s an d  tw o  v a lle y s  w ith  d ep th s o f  .070 in ch es to  .080 in ch es. A  sp ecia l 

c o n s ist  o f  cars from  b o th  the 33- and  39-ton  axle lo a d  tests th en  p a sse d  ov er  the g a g es  at 

40  m p h . T he vertica l lo a d  data gath ered  is d isp la y ed  in  the ex ceed a n ce  p lo t o f F igure 7.

T he m o st str ik in g  resu lt o f the corrugation  lo a d  data is  the d ifferen ce  b e tw e en  the  

p ea k  an d  the v a lle y  lo a d s . P eak  an d  v a lle y  load s for the 33 k ip  w h e e l ra n g ed  from  11 k ip s  

to  35 k ip s an d  from  32 k ip s to 80 k ip s, respectively . W h ee l lo a d s  for the p eak  and  v a lle y  

u n d er  39 k ip  w h e e ls  ra n g ed  from  19 k ip s to 43 k ips and  from  65 k ip s to  93 k ip s, resp ective ly . 

T he in crease  o f  6 k ip s  in  static  w h e e l lo a d  resu lted  in  a in creased  m a x im u m  lo a d  at the  

p ea k s o f  8  k ip s an d  at the v a lle y s  o f 13 kips.
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4.0 CONCLUSIONS

S evera l im p ortan t w ea r  com p arison s b e tw een  33- an d  39-ton  axle  lo a d s  h a v e  com e from  

th e  H TL tests. T h ese  o b serv a tio n s h ave  im p lica tion s for r e v e n u e  serv ice.

T he ev a lu a tio n  o f  S ection  07  w ear  resu lts su g g ests  that in crea sin g  ax le  lo a d s  from  33  

to n s  to  39 ton s u n d er  con tam in ated  conditions:

1. r e d u c ed  th e rail life  b en efit (in term s o f g a g e  face  w ear) o ffered  b y  p rem iu m  

rails o v e r  stan d ard  rail,

2. in crea sed  th e rate o f  h ig h  rail h ead  h e ig h t lo ss  an d  h a d  little  affect on  lo w  

rail h e a d  h e ig h t lo ss , and

3. re la tiv e ly  in creased  the rate o f h igh  rail h ea d  h e ig h t lo ss  n ear ly  the sam e as 

the rate o f  g a g e  face w ear.

In creasin g  ax le  lo a d s  u n d er  to ta lly  dry conditions:

1. in creased  the rail life  ben efit (in term s o f g a g e  face w ear) o ffered  b y  p rem iu m  

rails o v e r  stan d ard  rails,

2. in crea sed  th e rate o f h ig h  rail h ead  h e ig h t lo ss  a n d  red u ced  lo w  rail h ea d  

h e ig h t lo s s  rates, and

3. in creased  the rate o f h ig h  rail h ead  h e ig h t lo ss  re la tiv e ly  m ore than the rate 

o f  g a g e  face w ear.

T he 6 k ip  in crease  in  w h e e l lo a d  caused  vertical lo a d s  in  the b o tto m  o f .070 in ch es  

to .080 in ch es corru gation s to  in crease from  m ax im u m s o f 80 k ip s u n d er  33 k ip  w h e e ls  to  

93  k ip s u n d er  39 k ip  w h e e ls .
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P A R T  II -  R A IL F A T IG U E  T E ST

1.0 O BJECTIVES

T h e  objective o f the H A L  R ail P erform ance F atigu e T est w a s  to  com p are the effects of 

39-ton  axle  lo a d s  on  rail fa tig u e  occu rrence to  th ose  o f  33 -ton  ax le  lo a d s .

2 .0  PR O C E D U R E

T he R ail F atigue T est took  p la ce  m a in ly  in  S ection  25 at FAST. T he p roced u re  for rail 

fa tig u e  testin g  w a s  to p lace  rail in  track u n d er  lub ricated  co n d it io n s  an d  m on itor  fa tigu e  

d efec ts  in  the h ig h  rail o f the curve. T he rail w a s  n o t g r o u n d  u n less  it  w a s  part o f  a sp ec ia l 

g r in d in g  test. Lubricators w ere  p la c e d  at the b e g in n in g  o f  S ection  25 to  create v a ry in g  

lu b rica tion  lev e ls  th ro u g h o u t the curve; i.e ., h ig h  le v e ls  at th e  b e g in n in g , m o d e r a te /h ig h  

le v e ls  in  th e  center, and  m o d e r a te / lo w  le v e ls  at the e n d  o f the curve. H ig h er  lub rication  

le v e ls  w ere  exp ected  to  in crease  the in itia tion  o f  rail fa tigu e  d efects . S ection  25 w a s  d iv id e d  

in to  three segm en ts  d u rin g  the 33- an d  39-ton  axle lo a d  tests, A , B, an d  C , as sh o w n  in  the  

H A L  test la y o u t in  F igure 1. S egm en ts  A  an d  C w ere  fa tig u e  tests  in  w h ic h  rails w ere  

d u p lic a te d  to d eterm in e  th e  effect o f lu b rication  lev e l. S eg m e n t B w a s  a gr in d in g  test. 

R ails h a v e  a lw ays b een  d u p lica ted  in  S egm en ts  A  an d  C in  case  there w a s  an  affect from  

lub rica tion  le v e l on  fa tigue.
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2.1 DATA COLLECTION
U ltra so n ic  rail f la w  in sp ec tio n s  are m a d e  every  3 M GT. TTC 's rail f la w  d e tec tio n  v e h ic le  

can  d e te c t fa tigu e  d efec ts  in  th e form  o f d eta il fractures as sm a ll as 3 p ercen t o f  the rail 

h e a d  area. If a f la w  is  d e tec ted  in  test rail, it is  lo g g e d  in to  a d atab ase  an d  in sp e c te d  b y  

u ltra so n ic  m a p p in g  w ith  a h a n d  h e ld  u ltrasou n d  u n it for the rem ain d er  o f  its  life . T he  

data  is  u s e d  to d eterm in e  h o w  m a n y  an d  w h a t typ e o f d efects  a rail h a d , w h e n  th ey  occurred  

an d  h o w  fa st th ey  g rew . T h ese  efforts are particu larly  u se fu l for th e  fa tig u e  test in  S ection s  

03 a n d  25 s in ce  S ectio n  07 rail has y e t  to d e v e lo p  a fa tigu e  d e fec t in  th e rail itself.

2 .2  M A T E R IA L S

R ails for  th e  fa tig u e  tests  w ere  d o n a ted  b y  various m an ufacturers. T he stan d ard  rails h a d  

a h a rd n ess  sp ec ifica tio n  o f 269 B hn m in im u m , w h ile  the h e a d  h a rd en ed  rails h a d  n o  B hn  

sp ecifica tion . In prep aration  for th e 33-ton  axle lo a d  fa tigu e  test, fou r  ra ils o f  each  m et­

a llu rg y  a n d  m an u factu rer  w ere  p la ced  in  the h igh  rail o f  S ection  25; tw o  rails in  S eg m en t  

A , a n d  tw o  rails in  S eg m en t C. F atigu e defects in  th e form  o f  sh e lls  an d  d eta il fractures  

d e v e lo p e d  in  m a n y  o f th e  stan d ard  rails, b u t v ery  se ld o m  in  th e  h e a d  h a rd en ed  rails. T he  

resu lts  su g g e s te d  that d ifferen tia l lubrication  lev e ls  h a d  little  or n o  affect o n  th e n u m b er  

o f d efec ts  d e v e lo p e d  in  S egm en ts A  an d  C; therefore, th is rep ort d o e s  n o t d is tin g u ish  

b e tw e e n  th ese  tw o  seg m en ts .

A s  sta ted , the m a in  objective o f the H A L  R ail P erform ance F atigu e  T est w a s  to  

com p are  the effects o f  39 -ton  to 33-ton  axle load s. In  order to  d o  th is , th e  sa m e  ty p e  o f rail 

h a d  to b e  in sta lled  in  each  test. T his w a s  d o n e  b y  settin g  a s id e  so m e  o f  th e rail or ig in a lly  

d o n a te d  to  th e D O G  T est an d  later in sta llin g  it in  the H A L  T est. T here w a s  a v e ry  lim ited  

n u m b er  o f  th ese  "old unused"  rails s in ce  the orig inal n u m b er  d o n a te d  w a s  sm all. A lo n g  

w ith  th e o ld  u n u se d  ra ils, so m e  o f  the rails that h ad  n o t p ro d u ce d  d efec ts  d u r in g  th e 33-ton  

axle  lo a d  test w e re  le ft  in  track for con tin u ed  testin g  u n d er  39 -ton  axle  lo a d s . T hese  

"survivor rails" w ere  le ft  in  to  in crease  the num ber o f  com p arab le  ra ils as w e ll  as to  see  

th e  e ffect o f  39-ton  ax le  lo a d s  on  33-ton  con d ition ed  rail.

T able 1 lists  the o ld  u n u se d  rails and  the surv ivor rails, th eir  a verage  h a rd n esses  as  

tested , an d  the tota l n u m b er  o f  each  that w ere  in  track d u rin g  th e  33- an d  39-ton  axle lo a d  

tests. For ex a m p le , there w ere  fou r  B eth lehem  321 B hn rails in  th e  h ig h  rail o f  S ection  25  

d u rin g  th e  33-ton  axle  lo a d  test, b u t o n ly  tw o  d u rin g  the 39 -ton  axle  lo a d  test. A ll the  

su rv iv o r  rails w ere  re in sta lled  for the 39-ton  axle lo a d  test a n d  th erefore h a d  the sam e  

n u m b er  in  b o th  tests. T he p o p u la tio n  o f  th ese  rails is  sm all w h ic h  m u st b e  k ep t in  m in d  

in  d r a w in g  c o n c lu s io n s  b a sed  on  fa tig u e  results.
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T a b le  1. N u m b e r  o f  O ld  U n u s e d  a n d  
S u rv iv o r  R a ils

RAIL M ETALLURG Y
N U M B E R  O F RAILS IN  TRACK  

D U R IN G  33- A N D  39-T O N  AXLE L O A D  TESTS

33-T on  A x le  L oad  T est 39-T on  A x le  L oad  T est

O ld  U n u sed :

N S C  Standard 284 4 4

BETH  Standard  321 4 2

N K K  Standard 290 4 2

Survivor:

N S C  H H  371 4 4

N K K  A llo y  H H  390 4 4

N K K  Standard 324 4 4

N K K  Standard 290 2 2

W h en  d efects  in  te st rail b eca m e severe  e n o u g h  to  r em o v e  from  track, so m e  o f  the  

te st rail w a s  rem o v ed  w ith  it. S om e te st rail w a s  a lso  r e m o v e d  w h e n  rail en d  w e ld s  fa iled . 

T his cau sed  a d ecrease  in  th e sa m p le  s iz e  o f the rail as the test p ro g ressed . D u r in g  the  

39-ton  axle lo a d  test, fie ld  w e ld  fa ilu res b ecam e m ore  co m m o n  th an  in  the 33-ton  ax le  lo a d  

te st an d  in  turn a d v erse ly  affected  the sa m p le  s ize . A lso , the 39 -ton  axle  lo a d  test sa m p le  

w a s  sm aller  to b eg in  w ith .

3.0 R E SU L TS

T able 2 lists  the F atigu e  T est resu lts  from  the o ld  u n u s e d  ra ils an d  sh o w s  rail ty p e  a lo n g  

w ith  th e  average a ccu m u la ted  n u m b er  o f deta il fractures (DF) a n d  sh e lls  p er  rail at 150 

M G T o f 33-ton  an d  145 M G T o f 39 -ton  axle lo a d s . T he N S C  284  rail h a d  three D F s an d  0.5 

sh e lls  per  rail at 150 M G T o f 33-ton  ax les. U n d er  39 -ton  ax le  lo a d s , it  h ad  three D F s and  

f iv e  sh e lls  at 145 M GT. T he 39-ton  ax le  lo a d s  se e m e d  to h a v e  a v e r y  d etr im en ta l e ffect on  

th is rail, e sp ec ia lly  in  th e form  o f sh e lls . T h irty-n ine to n  axle  lo a d s  w ere  a lso  v e r y  detri­

m en ta l to the N K K  290. T his rail d e v e lo p e d  n o  d efec ts  at all d u rin g  the D O G  test, b u t  

a v era g ed  1.5 D Fs per  rail u n d er  39-ton  axle lo a d s . In creased  axle  lo a d s  d id  n o t se e m  to  

b e  detr im en ta l to the B eth leh em  rail, p o ss ib ly  b e ca u se  o f its  h ig h er  hard n ess. T h is rail h a d  

three D Fs an d  2.75 sh e lls  p er  rail d u rin g  the 33-ton  axle lo a d  test, b u t o n ly  1.5 D F s and  

tw o  sh e lls  p er rail d u rin g  th e 39 -ton  axle lo a d  test. O f th e  three rail ty p es  te s ted , tw o  

p erform ed  n o ticeab ly  w o r se  an d  o n e  p erform ed  n o ticea b ly  better u n d er  H A L s.
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T a b le  2. R a il F a tigu e  P erform an ce U n d er  
33- a n d  39-T on  A x le  L oads

RAIL M ETA LLU R G Y
33-T O N  AXLE L O A D  TEST 

150 M GT
39-T O N  AXLE L O A D  TEST 

145 M G T

D F s /
R ail

S h e lls /
Rail

D F s /
R ail

S h e l ls /
R ail

N S C  S tan d ard  284 3.0 0.5 3.0 5.0

BETH  S tandard  321 3.0 2.75 1.5 2.0

N K K  S tandard  290 0 0 1.5 0

A n o th er  ob serv a tio n  w a s  m a d e  o n  so m e  o ld  u n u se d  rail w h ic h  is  n o t lis te d  in  Table

2. T he ra il w a s  o ld  A R E A  stan d ard  248 B hn, w h ich  w a s  in  a ll seg m en ts  o f  S ectio n  25 d u rin g  

th e  33 -to n  axle  lo a d  test, an d  w a s  in  the lea d in g  en d  o f  S ection  03 d u r in g  the 39 -ton  axle  

lo a d  test. S ection  03 (5 -d egree  cu rve w ith  m od erate  lubrication) is  a le s s  sev e r e  cu rve  than  

S ectio n  25  (6 -d egree  cu rve  w ith  h e a v y  lubrication). R ails p la c e d  in  S ectio n  03 are exp ected  

to  la s t lo n g e r  than sim ilar  rails in  S ection  25. T he o ld  stan d ard  248  B h n  rail h a d  to  be  

r e m o v e d  from  th e 33 -ton  ax le  lo a d  test an yw h ere  from  60 M G T to 132 M G T. U n d er  39-ton  

axle  lo a d s , th is sam e rail h a d  to b e  rem o v ed  from  S ection  03 at 3 7  M G T. B ein g  p la c e d  at 

th e  b e g in n in g  o f S ectio n  03 in stea d  o f further in to  the curve m a y  h a v e  con tr ib u ted  to the  

ra p id  d eg ra d a tio n  o f  th is rail, u n d er  39-ton  axle lo a d  testing .

T able 3 lis ts  the d e fec ts  that occurred  in  the rail that su r v iv e d  th e 33 -ton  axle  lo a d  

te st a n d  w a s  in sta lled  in  the H A L  Test. T w o o f the su r v iv in g  m eta llu rg ies  w e re  the  

stan d ard  N K K  rails. T he N K K  324 w a s  actu a lly  a lo w  a llo y  rail w h ile  th e  N K K  290 (also  

an  o ld  u n u s e d  rail) w a s  actu a lly  an  extra clean  stand ard  rail, i.e ., i t  w a s  c lean er th an  m o st  

rails. S in ce  th ese  rails p r o d u ced  n o  defects d u rin g  the 33-ton  ax le  lo a d  test, th ey  w ere  

in s ta lled  as su rv ivors  in  th e H A L . T he other tw o  su rv ivors  w e re  h e a d  h a rd en ed  rails 

w h ic h  h a d  b e e n  in  track s in ce  the start o f the HTL. T he stan d ard  rails w e re  in  track for  

o n ly  295 M G T b eca u se  th ey  w ere  taken  o u t d u rin g  the tw o  d ry  ru n  p er io d s . For exam p le , 

in  the le ft  c o lu m n  o f T able 3, all the rail h ad  accu m u lated  150 M G T o f lu b rica ted  33-ton  

ax le  lo a d s . In the r igh t co lu m n , the stand ard  rails h a d  295 M G T (150 M G T 33-ton  an d  145 

M G T 3 9-ton  ax le  lo a d s) w h ile  the h ea d  hard en ed  rails h ad  320 M G T (150 M G T , 33-ton  

a x les, lubricated ; 10 M G T, 33-ton  ax les, dry; 15 M GT, 39-ton  a x le s , dry; an d  145 M G T, 

39 -ton  a x les, lub ricated ).
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T he N S C  H H  371 d e v e lo p e d  a sh e ll in  the first 150 M G T o f th e  33 -ton  axle  lo a d  test. 

T his w a s  u n u su a l a n d  w a s  the o n ly  d e fec t an y  o f  th e  su rv iv o r  ra ils  d e v e lo p e d  d u rin g  the  

test. A s  th is rail co n tin u ed  in  test u n d er  39-ton  axle  lo a d s , it  d e v e lo p e d  a D F. A s the N K K  

324 co n tin u ed  u n d er  39 -ton  axle lo a d s , it  d e v e lo p e d  .5 sh e ll a n d  .25 D F  per rail. T he N K K  

290 p erform ed  ab ou t the sam e as th e o ld  u n u se d  N K K  290; d e v e lo p in g  1.25 D Fs b u t n o  

sh e lls . T he o n ly  rail to  su rv iv e  w ith o u t  an y  d efec ts  w a s  th e  N K K  a llo y  H H .

It is  d ifficu lt to d eterm in e  from  th ese  resu lts  w h a t  th e  e ffect o f  39-ton  axle lo a d s  w a s  

on  the su rv ivor  rail. T he d efec ts  th at occu rred  u n d er  h e a v y  ax le  lo a d s  co u ld  b e  a resu lt  

o f tota l accu m u lated  to n n a g e  or o f  th e 39-ton  axle  lo a d s . It can  b e  sa id , h o w e v e r , that rails 

w h ic h  se ld o m  d e v e lo p e d  fa tigu e  d efec ts  u n d er  33 -ton  axle  lo a d s  b eg a n  to  fa tigu e  w h e n  

later e x p o sed  to 39-ton  axle  load s.

T a b le  3. F a tig u e  D e fe c ts  S u rv iv o r  R a il 150 M G T  o f  3 3 -T o n  L o a d s a n d  
S u b s e q u e n t  145 M G T  3 9 -T o n  L oad s

RAIL M ETALLURGY 33-T O N  AXLE L O A D  
TEST 

150 M G T
(A d d  10 M GT m ore  for  

H H  R ails)

39 -T O N  AXLE L O A D  
TEST

A D D IT IO N A L  145 
M G T (A d d  15 M G T  
m ore  for H H  Rails)

D F s /
R ail

S h e l ls /
R ail

D F s /
R ail

S h e lls /
R ail

N S C  H H  371 0 0.25 0.25 0.25

N K K  A llo y  H H  390 0 0 0 0

N K K  Standard 324 o 0 0.25 0.5

N K K  Standard 290 0 0 1.25 0
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4.0 S U M M A R Y  A N D  C O N C L U S IO N S

Several im p ortan t rail fa tig u e  com p arison s b e tw een  33- a n d  3 9 -ton  ax le  lo a d s  h a v e  com e  

from  th e H TL tests  as fo llow s:

1. T he lo w  a llo y  an d  extra c lean  standard  rails that su r v iv e d  th e 33-ton  axle  lo a d  

test w ith  n o  d efec ts  b eg a n  to d e v e lo p  sh e lls  an d  d e ta il fractures w h e n  su b se ­

q u en tly  e x p o se d  to H A L s.

2. In term ed ia te  stren gth  stand ard  rails, w h ic h  d e v e lo p e d  fa tig u e  d efec ts  u n d er  

33-ton  axle  lo a d s , p erform ed  n oticeab ly  w o r se  u n d e r  H A L s in  o n e  case , an d  

p erform ed  s lig h tly  better u n d er  H A L s in  another  case.

3. O n e  o ld  u n u s e d  extra clean  standard  rail, w h ic h  d id  n o t d e v e lo p  d efec ts  b y  160  

M G T o f 33 -ton  ax le  lo a d s , d e v e lo p e d  n u m ero u s d eta il fractures b y  145 M GT  

o f H A L s.

4. O ld  stan d ard  248 B hn rail w h ic h  su rv iv ed  60 to  132 M G T o f 33 -ton  axle  lo a d s  

o n ly  su r v iv e d  37  M G T o f 39-ton  axle load s.

D u e  to  th e sm a ll sa m p le  s iz e  availab le  for th is test, it  is  d ifficu lt to  d r a w  c o n c lu s io n s  

o n  the e ffect o f in creasin g  axle  lo a d s . H o w e v er , the o b serva tion s s u g g e s t  that in creasin g  

axle  lo a d  d o e s  red u ce  rail fa tig u e  life  for standard n o n  h eat-trea ted  rails. T his e sp ec ia lly  

see m s  to  b e  the case  for  th e  stan d ard  248 B hn rail. T h o u g h  th is rail ty p e  is  n o  lon ger  

m an u factu red  for m ajor ra ilroads, it  is  still abu ndan t in  r ev e n u e  serv ice.

If th e in creasin g  ax le  lo a d s  w ere  to red u ce rail life , it  s e e m s  lik e ly  th at th is red u ction  

c o u ld  b e  o ffse t b y  the im p ro v e m e n t in  rail m eta llu rgy . T hat is , ra ilroads h a v e  op erated  

33-ton  axle  lo a d s  on  rail m an u factu red  w ith  non -current p ro cesses . N o w  that rail m et­

a llu rg y  h as b e e n  im p r o v e d  w ith  n e w  p rocesses , it is  ab le to su p p o r t a h ea v ier  load .
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P A R T  III -  PIL O T  R A IL  G R IN D IN G  T EST

1.0 B A C K G R O U N D

R ail g r in d in g  h as b e e n  p erform ed  in  th e  U n ited  States an d  o n  o th er  ra ilroads th ro u g h o u t  

N o r th  A m erica , gen era lly  as a m ea n s to  correct or e lim in a te  rail a n o m a lies  on  the ru n n in g  

su rface  o f  the rail h ead . T his m e th o d  o f  m ain ten an ce  term ed , "corrective grinding" is  

n o rm a lly  p erform ed  o n ly  after the surface d efec ts  h a v e  occu rred  o n  th e rail surface. T he  

d efec ts  that n orm ally  are resp o n sib le  for  m ain ten an ce g r in d in g  are (1) sp a llin g  an d  h e a d  

ch eck in g  o n  th e  h ig h  rail, a n d  (2) e x c e ss iv e  m eta l f lo w  o n  th e  lo w  rail. W ith  h eav ier  axle  

lo a d s  (33-ton  an d  h igh er), co m b in ed  w ith  rail lub rication , corrective g r in d in g  p ro v id e s  

o n ly  a tem p orary fix  to  rail su rfaces s in ce  it  o n ly  resh ap es the rail h ead . It d o e s  n o t rem o v e  

in tern a l fa il h ea d  fa tig u e , an d  its  a ffect o n  p rev en tio n  o f in tern a l fa tig u e  is  u n k n o w n .

S in ce  lub ricated  testin g  b eg a n  d u rin g  33-ton  axle  lo a d  te stin g  at FA ST, rail w ea r  o f  

th e g a g e  face has see n  a sign ifican t d ecrease  in  the curves. C o n seq u en tly , w ith  a red u ction  

in  rail w ea r  the occu rrences o f  su b su rface  d efects  h as in creased . P rev io u s  tests at FAST  

h a v e  sh o w n  that h igh er  w ea r  rates o f rail n o t o n ly  red u ce  su rface  d efec ts  b u t a lso  su p p ress  

in tern a l d efects, i . e . , d eta il fractures an d  sh e llin g . R ailroads are n o w  a d o p tin g  p rev en tiv e  

g r in d in g  p rogram s a im ed  at r ed u c in g  in ternal rail d efects  b efore  th ey  h a v e  an  o p p o rtu n ity  

to  fo rm  in  the rails. T h is n e w , m ore  sc ien tific  app roach  to  rail p ro file  g r in d in g  h a s  b e e n  

im p le m en te d  b y  railroads an d  is  d e s ig n e d  to ex ten d  rail serv ice  life . R ail g r in d in g  pro­

gram s are prim arily  in ten d e d  to  (1) sh ift the w h e e l lo a d s  from  the g a g e  co m e r  o f  the rail 

r u n n in g  surface b y  asym m etr ic  g r in d in g  pattern s, (2) p r e v en t areas o f  h ig h  lo c a liz ed  

con tact stresses b y  g r in d in g  w o r n  p ro files  m ore  co n fo rm in g  to  th e  w h e e l geom etry; 

th erefore, d istr ib u tin g  th e in tern al stresses  m ore u n ifo rm ly  in to  the rail cross sec tion , an d

(3) g r in d  at p red eterm in ed  in terva ls  an d  rates con stan tly  sh iftin g  th e critical in ternal 

stresses  th ereby n o t a llo w in g  tim e for m icrocrack ing to  occur.

O n e o f the p rev en tiv e  rail g r in d in g  exp erim en ts u n d erta k en  a t FAST is  a sym m etr ic  

p ro filin g . T he asym m etric  p ro file  w a s  d e s ig n e d  b y  A R E A  R ail C om m ittee  4  to h e lp  red u ce  

sh e lls  an d  d eta il fractures. T he in ten t o f  the exp erim en t w a s  to  v a lid a te  the occu rrences o f  

sh e ll d efects  w h ic h  occu rred  in  sim ilar  g ro u n d  test rail d u r in g  th e  p r e v io u s  33-ton  ax le  

lo a d  test at FAST. D u r in g  33 -ton  axle lo a d  lub ricated  testin g  at FAST, a b asic  approach  

w a s  tak en  to red u ce  the occu rrences o f  sh e llin g  an d  d eta il fractures u n d er  lub ricated  

op eration . A  sm a ll p ortion  o f  th e rail g a g e  co m er  o f th e  h ig h  rail w a s  g ro u n d  o ff  a seg m en t  

o f rail in  the 6 -d egree  cu rve o f  S ection  25 (F igure 1). T he lo w  rail w a s  n o t g rou n d . T he
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in ten t o f  th is  g a g e  c o m e r  g r in d  w a s  to u n lo a d  the gage  co m e r  o f  th e  h ig h  rail b y  m in im iz in g  

th e  contact at th e w h e e l  th r o a t/r a il g a g e  co m er  interface in  an  a ttem p t to  red u ce  sh e llin g  

an d  d eta il fractures. A s  it  tu rn ed  o u t th is gr in d in g  ap p roach  d id  n o t p r ev en t the form ation  

o f sh e lls  a n d  d eta il fractures b u t cau sed  a s lig h t increase in  the rate o f occu rrences o f  sh e lls  

an d  d eta il fractures. In stead  o f  the traditional s in g le  p la n e  sh e lls  n o rm a lly  fo u n d  in  

u n g ro u n d  rails at FA ST  a n e w  bip lanar sh e ll d e v e lo p e d  in  th e  ra ils as a r esu lt o f  the tw o  

p o in t con tact p r o d u c e d  fro m  the g a g e  com er grin d .1

F igu re  1. H ig h  R ail G age  C o m e r  G r in d  
33 -T on  A x le  L oad T e s t in g

T his p ilo t  g r in d in g  exp erim en t w a s  in ten d ed  to  esta b lish  d irectiv es  an d  sort o u t  

d iscrep an cies  as w h a t  to  e x p ect d u rin g  fu ture rail g r in d in g  tests  at FAST. T his p ap er  

d escr ib es th e  fa tig u e  p erform an ce  o f fou r d ifferent p ro file s  in  stan d ard  carbon rail. It a lso  

d escr ib es th e  p articu lar pro b lem s en cou n tered  at FAST d u r in g  th e  test. T he test sp a n n ed  

a p e r io d  o f  145-160 M G T  u n d e r  39-ton  axle load s at FAST.

2.0 O BJECTIV E

T he objective o f  th is te st w a s  to  eva lu a te  rail gr in d in g  p ractices an d  d eterm in e  w h ic h  

g r in d in g  freq u en cy , rate an d  profile  w ill  ex ten d  rail fa tig u e  life.

3.0 P R O C E D U R E

F our d ifferen t rail p ro file s  w ere  se lec ted  for testin g  in  S ectio n  25 , a 6 -d egree  lub ricated  

cu rve, o n  the H TL (F igure 2). T he test z o n e  w a s  d iv id e d  in to  fou r  su b sectio n s each  160 

fe e t  lo n g  an d  w e re  d e s ig n a te d  A , B, C , and  D . Each su b sectio n  con ta in ed  a d ifferen t rail 

p ro file , w h ic h  is  d escr ib ed  in  F igure 3. R ails ch osen  for the test w ere  stand ard  carbon 133
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RE w ith  an  average hard n ess o f  300  B hn. T he entire  640 fe e t  o f  ra ils o n  the h ig h  an d  lo w  

rails w ere  m anufactured  from  th e sa m e  h ea t creating  a test z o n e  in  w h ic h  th e rail ch em istry  

an d  h ard n esses  w ere  n early  id en tica l. S u b section  A  rail co n ta in ed  a co n d it io n e d  p rofile , 

as sh o w n  in  F igure 4a (serv ice  w o rn ), w h ic h  w a s  d e v e lo p e d  d u r in g  th e in itia l 15 M G T o f  

d ry  op eration  o n  the HTL u n d er  39 -ton  axle lo a d s . T he co n d it io n e d  p ro file  w a s  conform al 

to  the average FAST w h e e l p rofile . S u b section  B p rofile  (F igure 4a) w a s  a g r o u n d  w o rn  

p ro file  w h ic h  w a s  in ten d ed  to  rep lica te  the co n d itio n ed  d ry  w o r n  p ro file . T he lo w  rails 

w e re  a lso  grou n d  to  m atch  the d ry  w o r n  lo w  rails. B ecause o f  in co n s is te n c ie s  in  th e FAST  

rail gr inder, the required  g ro u n d  w o r n  profile  (S ubsection  B) w a s  n o t fu lly  a ch iev ed  u n til 

4 7  M G T. In itia lly  too  m u ch  m eta l w a s  g ro u n d  o ff  th e g a g e  c o m e r  o f  th e  rail an d  w a s  n o t  

fu lly  corrected  u n til 47  M GT. T he S u b sectio n  A  d ry  w o r n  rail p ro file  a lso  h a d  a natural 

w o r n -in  g a g e  face w h ereas the S u b sectio n  B gro u n d  w o rn  p ro file  rail in itia lly  d id  not.

26



c BD A

AS ROLLED 
1 2 0 '

ASYMMETRICAL GRIND 
160 '

GROUND WORN PROFILE 
200'

CONDITIONED (DRY WEAR) 
160'

NOT GROUND HIGH RAIL GROUND AT: 
0 . 2 7 , 4 7 .  7 5  MGT 

(LUBRICATED OPERATION)

HIGH RAIL GROUND AT:
0 , 2 7 . 4 7 . 7 5 . 9 7 . 116 MGT 

(LUBRICATED OPERATION)

HIGH RAIL GROUND AT: 
2 7 . 4 7  . 7 5 . 9 7 , 116 MGT 

(LUBRICATED OPERATION)

13 DFs 
0  SHELLS

0 DFs 
9  SHELLS

NO FATIGUE DEFECTS

LON RAIL HIGH RAIL 
NEW -----

LOW RAIL HIGH RAIL
NEW -----
ASYM. PROFILE

LOW RAIL HIGH RAIL 
NEW -----
GROUND PROFILE —

LOW RAIL H1CH RAIL 
NEW -----
DRY WEAR PROFILE - —

I n c o t  N u m b e r  
& R ail L e t te r

F igure 3 . G rind Z one -  H igh  R ail o f  H T L  Section  25



T h e p rofile  in  S u b section  C (F igure 4b) w a s  g ro u n d  to an  a sy m m etr ic  pattern  on  

b o th  th e  h ig h  an d  lo w  rails. A  1.25 in ch  contact p ath  w a s  g r o u n d  o n to  the ru n n in g  

su rface  o f  the rail. T he center lin e  o f  th e con tact p ath  w a s  o ffse t from  th e cen ter lin e  o f  

the ra il 1 / 8  in ch  tow ard  the fie ld  s id e  o f  th e  lo w  rail an d  1 / 8  in ch  to w a rd  th e  g a g e  o f  the  

h ig h  rail. T he in ten t o f the a sym m etr ic  p rofile  w a s  to h e lp  steer  th e trucks a w a y  from  

the g a g e  co m er  o f  the h ig h  rail to  r e lie v e  g a g e  co m er  loa d in g . S u b sec tio n  D  (F igure 4b) 

w a s  in sta lled  to act as a control rail fo r  S u b sectio n s A , B an d  C. It w a s  in sta lled  in  the "as 

rolled" c o n d itio n  an d  w a s  w o rn -in  "naturally" u n d er  lu b rica ted  op era tio n  d u rin g  the  

test. T h e  con tro l rail w a s  to  b e  u s e d  as a b a se  lin e  in  w h ic h  a ll o th er  p ro file s  c o u ld  b e  

co m p a red  w h e n  ev a lu a tin g  their fa tig u e  perform ance. F igures 4a  an d  4b  s h o w  the rail 

p ro file s  as th ey  lo o k e d  at the start o f 3 9 -ton  ax le  lo a d  lu b rica ted  testin g .

R ail g r in d in g  in tervals and  rates for S u b section s A  an d  B w e r e  p red e term in ed  before  

h e a v y  ax le  lo a d  testin g  b egan . T h ese  p ro file s  w ere  sc h ed u le d  to  b e  g r o u n d  at 20-25 M GT  

in terv a ls . T otal m eta l rem oval rates w e r e  n o t to  e x ceed  2 m illim eters  (0.080") per  100 M GT. 

T he a sym m etr ic  profile  (C) d id  n o t h a v e  a p red eterm in ed  g r in d in g  in terva l an d  w a s  

g r o u n d  (reprofiled ) o n ly  after th e  a sy m m etr ic  pattern  w a s  lo s t  d u e  to  serv ice  exp osu re. 

S u b sec tio n  D  w o u ld  act as a contro l ra il for the grin d  test a n d  w a s  n o t g r o u n d  u n less  it 

w a s  a b so lu te ly  n ecessary .

A ll rails in  the test zo n e  w ere  su b jected  to  145 M GT o f lo a d in g  o v er  a p er io d  o f  14 

m o n th s . S u b section  A  h ad  an  a d d itio n a l 15 M G T b ecau se  o f  its  e x p o su re  to the dry  

op era tion . T he test train con sisted  o f  u p  to  sev e n ty -fiv e , 125-ton  cars a n d  fo u r  lo co m o tiv es . 

T otal w e ig h t  averaged  12,500 ton s. For th e m ajority  o f the test, the c o n s is t  o p era ted  in  the  

co u n terc lo ck w ise  d irection , excep t at the e n d  o f  each  3 M GT p e r io d  w h e n  30 la p s  w ere  

r im  in  th e c lo ck w ise  d irection . T he 30 c lo ck w ise  lap s w ere  a lw a y s  op era ted  w ith  the  

lu b ricators tu rn ed  o ff  to a llo w  d r y -d o w n  o f th e H TL, w h ic h  w o u ld  a ssu re  a better  q u ality  

rail f la w  in sp ection . In ad d ition , the c lo ck w ise  op eration  esta b lish ed  "beach marks" on  

th e  su rface  o f  e x istin g  transverse fa tig u e  d efec ts  in  th e test rails fro m  w h ic h  g ro w th  rates 

c o u ld  b e  calcu lated .

R a ilh ead  profile  m easu rem en ts  w e re  tak en  at p red eterm in ed  in terva ls  u s in g  the  

Y o sh id a  Profiler. T hese in tervals w e r e  20-25 M G T for S u b section s A  an d  B. M easu rem en ts  

in  S u b sectio n  C w ere  taken w h e n e v e r  th e  asym m etr ic  pattern  w a s  w o r n  a w a y  an d  required  

rep ro filin g , at w h ic h  tim e th ey  w e re  tak en  b efore  an d  after. B ecau se  o f  tim e  constraints, 

p o st-g r in d  p rofiles  co u ld  n o t a lw a y s  b e  tak en  as sch ed u le d  b u t w e re  tak en  as so o n  as 

p o ss ib le  thereafter. S u bsection  D  o u ts id e  rail w e n t  the entire test w ith o u t  a n y  grin d in g  

an d  p ro files  w ere  taken  at the req u ired  FAST test m ea su rem en t in terva ls  o f  30 M GT. Table
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1 s h o w s  at w h ic h  M G T p er iod  each  su b section  required  grin d in g . In so m e  cases the lo w  

rails in  S u b sec tio n s  A  and B d id  n o t a lw ays require g r in d in g  at, the sam e in terva l o f the  

h ig h  rail.

A
CONDITIONED (DRY WEAR)

LOW RAIL HIGH RAIL

CONDITIONED (DRY WEAR) PROFILE

B
GROUND WORN PROFILE 

LOW RAIL HIGH RAIL

Figure 4a. D ry  W ear an d  G rou n d  W orn  P ro file s
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c
ASYMMETRIC GRIND

LOW RAIL HIGH RAIL

ASYMMETRIC GRIND PROFILE

D
AS ROLLED

LOW RAIL HIGH RAIL

F igu re  4b. G rou n d  A sy m m e tr ic  a n d  A s  R o lle d  P ro file s
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T a b le  1. T ra ffic  A c c u m u la tio n  L e v e ls  at w h ic h  R a il in  S e c t io n  25  w a s  G ro u n d

"SUBSECTION A  
C O N D IT IO N E D  

D R Y  W E A R

SU BSEC TIO N  B 
G R O U N D  W O R N  

PROFILE

SU BSEC TIO N  C  
ASYM M ETRIC  

G R IN D

SU B SE C T IO N  D  
A S  ROLLED

IN SID E O U TSID E INSID E O UTSIDE INSIDE O UTSIDE IN SID E O UTSIDE

0 1 /1 0 /8 9
0M G T

0 1 /1 0 /8 9
0 M G T

0 1 /1 0 /8 9
0M G T

0 1 /1 0 /8 9
0 M G T

0 5 /0 5 /8 9  
27  M G T

0 5 /0 5 /8 9  
27  M G T

0 5 /0 5 /8 9  
27 M G T

0 5 /0 5 /8 9  
27  M GT

0 5 /0 5 /8 9  
27  M GT

0 5 /0 5 /8 9  
27  M G T

0 6 /1 5 /8 9  
4 7  M G T

0 6 /1 5 /8 9  
47  M G T

0 6 /1 5 /8 9  
47  M G T

0 6 /1 5 /8 9  
47  M GT

0 6 /1 5 /8 9  
47  M GT

0 6 /1 5 /8 9  
4 7  M G T

0 9 /2 9 /8 9  
75 M G T

0 9 /2 9 /8 9  
75 M G T

0 9 /2 9 /8 9  
75 M G T

0 9 /2 9 /8 9  
75 M G T

1 0 /0 3 /8 9  
75 M GT

1 0 /0 3 /8 9  
75 M G T

1 0 /2 7 /8 9  
84  M G T

1 0 /2 7 /8 9  
84 M GT

1 0 /2 7 /8 9  
84 M GT

1 0 /2 7 /8 9  
84  M G T

0 1 /2 4 /9 0  
97  M G T

0 1 /2 4 /9 0  
97 M G T

0 1 /2 5 /9 0  
97 M GT

0 2 /0 8 /9 0  
104 M GT

0 3 /0 1 /9 0  
116 M G T

0 3 /0 1 /9 0  
116 M GT

0 2 /2 7 /9 0  
114 M GT

0 4 /0 5 /9 0  
138 M GT

’ Rail in Subsection "A" was subjected to 15 MGT more than shown.



4.0 R E SU L T S A N D  D IS C U S S IO N

A t zero  M GT lu b rica ted  op eration , S u b section s B a n d  C w e re  g r o u n d  to their resp ec tiv e  

p rofiles . S u b section  A  w a s  n o t g ro u n d  at th is tim e. S u b sectio n  B w a s  g r o u n d  to  m atch  

the dry  w o r n p r o file  o f  S u b section  A . S u b section  A  h a d  a lread y  see n  15 M G T o f d ry  serv ice  

an d  h e a d  ch eck in g  h a d  d e v e lo p e d  o n  th e g a g e  c o m e r  o f  th e rail h ead . T he h ea d  ch eck in g  

c o u ld  b e  co n sid ered  h e a v y , b u t n o  s ig n s  o f  g a g e  c o m e r  sp a llin g  w e re  y e t  d e tec ted . A t  27  

M G T o f lub ricated  op eration , p ro files  in  S u b sectio n s A  an d  B w ere  b o th  g r o u n d  as  

sch ed u led . T he g r in d in g  rate w a s  p red eterm in ed  to r em o v e  ap p rox im ate ly  0.50 m m  

(0.020") o f  m eta l from  the rail h ea d  at each  g r in d in g  in terva l. B ecau se  o f the lim ite d  cap acity  

o f th e  rail gr inder th is w a s  n o t to ta lly  a ch iev ed  an d  at m o s t  0 .25 m m  (0.010") w a s  r em o v ed . 

A t th e  seco n d  g r in d in g  in terva l (27 M G T), lig h t h e a d  ch eck in g  w a s  d e tec ted  o n  the g a g e  

corner o f  S u b section  B, an d  g a g e  co m er  sp a llin g  h a d  a lread y  d e v e lo p e d  in  S u b sectio n  A . 

T he asym m etric  p ro file  in  S u b section  C h a d  w o r n  a w a y  at 27  M G T an d  a lso  req u ired  

g r in d in g  at th is tim e.

P rofiles in  S u b section s A  an d  B w ere  g r o u n d  at 4 7  an d  75 M G T a n d  fo llo w e d  

thereafter in  accordan ce w ith  th e 20-25 M G T g r in d in g  in terva l cycle . T he asym m etr ic  

p ro file  (C) a lso  req u ired  g r in d in g  at th ese  sam e in terva ls . A lth o u g h  the lo w  rails in  

S u b section  C req u ired  severa l m ore gr in d s d u rin g  th e d u ration  o f  the test, the h ig h  rail 

w a s  n o t gro u n d  aga in  after 75 M GT as it  k ep t its  p ro file  th ro u g h o u t th e entire  test u p  to  

145 M GT. T able 1 g iv e s  th e g r in d in g  in terva ls  req u ired  for  the fou r  su b section s.

Table 2 lis ts  the sh e ll an d  d eta il fracture d efec ts  a s th ey  occu rred  d u rin g  th e  test. T he  

sh e ll d efects  d id  n o t occu r u n til 83 M G T at w h ic h  tim e o n e  w a s  d e tec ted  in  the g ro u n d  

w o r n  profile . F our ad d itio n a l sh e lls  w ere  rep orted  in  S u b sectio n  B at 123 M G T. A t 143 

M G T, 10 sh e ll d efects  occu rred  in  the rails in  S u b sectio n  B. T hree sh e lls  w e re  d e tec ted  at 

143 M G T in  the "as rolled" rails in  S u b section  D . T he o n e  sh e ll lo ca ted  near tie  1017 in  

S u b sectio n  D  m a y  h a v e  fo rm ed  as a resu lt from  b e in g  lo ca ted  near a b o lte d  h u ck  joint. 

T he co n d itio n ed  d ry  w o r n  p rofile  in  S u b section s A  a n d  the g r o u n d  asym m etr ic  d id  n o t  

in itia te  sh e lls  th ro u g h o u t the 143 M G T o f testing .

D eta il fractures w e re  d etec ted  o n ly  in  th e g r o u n d  asym m etr ic  rails (C). T he first 

d eta il fracture occu rred  at 75 M G T an d  a total o f  13 occu rred  b y  134 M GT.
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T a b le  2. S iz e  a n d  O ccu rren ces o f  S h e ll a n d  D e ta i l  Fracture D e fe c ts

Shell D efects
SUBSECTION 

OUTSIDE RAIL
67MGT 83MGT 91MGT 101 MGT 123 MGT 143 MGT

PROFILE B:

25-0744 _ _ _ _ - 2.25"
25-0746 - - - - - 1.75"
25-0751 - - - - 0.50" 0.50"
25-0777 - - - - - 1.00"
25-0789 - - - ♦SPIKE 0.50" 1.00"
25-0811 - - - - - 1.50"
25-0812 - 0.50" 0.50" 0.50" 1.00" 1.25"
25-0813 - - - - 0.50" 0.50"
25-0823 0.50" REMOVED

PROFILE D:

25-1008 _ . _ _ _ 1.25"
25-1011 - - - - - 3.00"
25-1017 - - - - - JNT0.25"

* Indication to small for measurement.

D eta il Fractures
SUBSECTION 

OUTSIDE RAIL
MGT

DISCOVERED
TD % 

(HELD)
MGT

REMOVED
TD % 
(LAB)

PROFILE C:

25-0921 75.2 10 79.3 36.1
25-0914 112.9 26 112.9 19.2
25-0905 112.9 3 123.4 15.9
25-0911 122.6 3 123.4 12.1
25-0906 122.6 3 123.4 8.8
25-0899 128.5 3 134.5 12.8
25-0875 134.5 9 134.5 7.6
25-0876 134.5 15 134.5 11.2
25-0879 134.5 3 134.5 3.0
25-0882 134.5 32 134.5 21.7
25-0883 134.5 30 134.5 26.7
25-0884 134.5 9 134.5 9.0
25-0903 134.5 9 134.5 11.0
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A ll rails u se d  in  the g r in d in g  exp erim en t w ere  m an u factu red  from  the B an d  C p ortion  

o f  in g o t  steel (F igure 3). M o st o f  th e d eta il fractures an d  sh e lls  that occu rred  w ere  in  the  

te st rails that w ere  m an u factu red  from  the B p ortion  o f  th e in g o t. R ails m an u factu red  from  

th e C  portion  o f the in g o ts  fo rm ed  v e r y  fe w  d efects  (o n ly  3 sh e lls) . O n  occasion , if  im p u rities  

an d  o x id e  in c lu sio n s  are n o t r e m o v ed  p rop erly  d u rin g  th e  s tee l m a k in g  p ro cess , co n ­

cen trations o f in c lu sio n s  w ill  g en era lly  b e  loca ted  near th e  to p  o f  the in g o t w h ere  the B 

rails are m an ufactured . C  rails are m an u factu red  farther d o w n  in to  the in g o t a n d  gen era lly  

are le ss  apt to conta in  the h ig h  con cen tration s o f in c lu s io n s  fo u n d  in  B rails. A s  a resu lt, 

rail c lean lin ess m a y  b e  co n fo u n d in g  the exp erim en t. A fter  the n e x t p h a se  o f  the H A L , 

th e  rails w ill  b e  te sted  for m eta llu rg ica l c lean lin ess  in  a ll o f th e  te st rails. It's p o ss ib le  rails  

th at form ed  the h ig h  n u m b er  o f  d e fec ts  con ta in ed  d e n se  c lu sters o f  o x id e  in c lu sio n s. It's 

a lso  p o ss ib le  the fa ils  in  the g ro u n d  w o r n  profile  i f  p ro p er ly  g r o u n d  b efore 47  M G T, m a y  

h a v e  d e la y ed  the form ation  o f  sh e ll d e fec ts  to b e y o n d  123 M G T.

5.0 C O N C L U S IO N S

R ail c lean lin ess, at th is tim e, is  a b ig  u n k n o w n  a n d  it's  p o ss ib le  th at th is m a y  h a v e  s ig ­

n ifica n tly  affected  the fa tigu e  p erform an ce o f the g r o u n d  rails. W ith  th is in  m in d  the fo l­

lo w in g  ob servation s w ere  m ad e.

•  A sy m m etr ic  p ro files  in  S u b section  C m a y  h a v e  su p p re sse d  sh e ll d efects, 

b u t d id  n o t p r ev en t the form ation  o f d eta il fractures.

•  G rou n d  rep lica ted  w o r n  p ro files  in  S u b sec tio n  B m a y  h a v e  p rev en ted  the  

form ation  o f  deta il fractures, b u t d id  n o t su p p ress  sh e llin g .

•  Initial d ry  serv ice  ex p o su re  w ith  su b seq u en t g r in d in g  p roh ib ited  th e for­

m ation  o f fa tigu e  d efects.

6.0 R E C O M M E N D A T IO N S

1. C on tin u e  g r in d in g  exp erim en t in to  sec o n d  p h a se  o f  H A L .

2. E xam ine th e e ffect o f d ifferen t g r in d in g  in terva ls  an d  g r in d in g  rates.

3. Perform  m eta llu rg ica l in sp ectio n  an d  an a lysis  o f  sa m p les  rem o v ed  from  

test to d eterm in e  if  rail c lean lin ess d ifferen ces b e tw e e n  S u b section s A -D  d id  

ex ist and  p o ss ib ly  in flu en ced  rail d e fec t occu rrences.
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P A R T  IV  - R A IL  W E L D  PE R FO R M A N C E

1.0 B A C K G R O U N D

In the p a st d eca d e , th e  ra ilroad  in d u stry  in  the U n ite d  States h as se e n  e lectric  fla sh  b u tt  

w e ld in g  refin ed  to  a p o in t  w h ere  it has b ecom e the stan d ard  practice for w e ld in g  ra ils in to  

lo n g  c o n tin u o u s stran d s. A s  is  co m m o n ly  k n o w n , in  stan d ard  carbon rails the m ech an ica l 

stren gth  o f  a fla sh  b u tt w e ld  w ill  gen era lly  approach  th at o f  the rail b a se  m eta l. A llo y  rails  

can  n o w  b e  w e ld e d  w ith  a great d ea l o f con fid en ce w h e r ea s  10 years a g o  a llo y  w e ld s  w ere  

n o t en tire ly  d e p e n d a b le  a n d  o n  m an y  occasion s e n d e d  u p  as serv ice  fa ilures. F lash  b u tt  

w e ld s  in  h ea d  h a r d e n e d  rails can n o w  be air q u en ch ed  to  a h ard n ess  s im ilar  to th at o f  the  

rail th ereb y  m in im iz in g  d ifferen tia l w ear  and  m a in ta in in g  a sm o o th er  ru n n in g  surface.

F lash  b u tt w e ld in g  is  n o t a lw ays p o ssib le  an d  rails so m etim es  m u st b e  jo in ed  b y  

oth er m ean s. S tran ds o f  con tin u ou s w e ld e d  rails (CW R) o n ce  d e liv e r ed  to  their fie ld  

lo ca tion s are u su a lly  jo in ed  togeth er  w ith  therm ite w e ld s . In  the p a st, m ech an ica l jo in t  

bars w ere  u se d  to  jo in  C W R  b u t cou ld  n o t p rov id e  ad eq u ate  stiffn ess  req u ired  for m a in ­

ta in in g  a s m o o th  r u n n in g  surface. T he lo w  cost o f th erm ite  w e ld s  as w e ll  a s the m in im u m  

labor an d  track tim e  req u ired  to m ak e a therm ite w e ld  m ak es th em  v e r y  d esirab le  as a 

m ea n s to jo in  rails. A t  FA ST, therm ite w e ld in g  is  n o t o n ly  u se d  to  jo in  C W R , b u t a lso  

b eco m es n ecessa ry  w h e n  in sta llin g  rail p lu g s. It is a lso  u se d  as a to o l to  rep lace  rail fa tigu e  

d efec ts  in  rails.

In the early  1970's p ortab le  flash  b u tt w e ld in g  sy ste m s  w e re  in tro d u ced  to the U n ited  

States an d  E u rop e as an oth er  m ean s to perform  rail w e ld in g  in  th e fie ld .2 G en era lly , w e ld s  

m a d e w ith  th is sy ste m  p erform  sim ilar to  w e ld s  that h a v e  b e e n  w e ld e d  w ith  fix ed  (in -p lan t) 

sy stem s.

2 .0  O B JE C T IV ES

T he prim ary  ob jective  o f  th is test w a s  to eva lu ate  th e serv ice  perform an ce th erm ite  an d  

fla sh  b u tt w e ld s  u n d e r  39-ton  axle load s and  to com p are th is p erform an ce w ith  p er­

form an ce resu lts  o f  w e ld s  u n d er  33-ton  axle lo a d s . T he p erform an ce criteria for the w e ld in g  

test in c lu d e d  o n e  or m ore  o f  the fo llow in g:

A . F atigu e  D efec ts

1. S h e llin g

2. D eta il Fractures
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3. H orizon ta l Sp lit W eb s

4. B ase Failures

5. V ertical and  H o r izo n ta l S p lit H ea d s  

B. W ear

1. R ail E nd  Batter

2. Surface S p allin g

3.0 P R O C E D U R E S

3.1 O P E R A T IN G  P R O C E D U R E S

T he w e ld  test w a s  con d u cted  at FAST o n  the H ig h  T on n age  L oop  (H TL). T he H TL is  a 2 .7  

m ile  te st track (sh o w n  in  F igure 1). T h e o u ts id e  rail o f the H T L  is  lu b rica ted  w a y s id e  near  

th e  entrance o f  S ection  25. T he o u ts id e  rail con stitu tes th e h ig h  ra ils o f  S ection s 25 and  

03 a n d  the lo w  rail o f S ection  07. R a i l /w e ld  w ea r  is  su p p re sse d  in  lu b rica ted  areas b u t  

fa tig u e  occurrence is  am p lified . T herefore, an y  r a i l /w e ld  fa ilu res  in  th e  h ig h  rails o f  

S ection s 25 or 03 w ere  u su a lly  d u e  to  fa tig u e , w h ile  r a i l /w e ld  w e a r  w a s  th e  p red om in ate  

d e g ra d a tio n  factor in  the h ig h  rail o f  S ectio n  07. S ection  07  is  tra d itio n a lly  a n on -lu b rica ted  

cu rve  w h e r e  w e ld e d  rail en d  batter a n d  rail w ea r  testin g  is  d o n e .

T his test accu m u lated  145 M G T o f 39 -ton  axle  load . A ll w e ld s  in sta lled  in  the HTL  

w o u ld  h a v e  b een  e x p o sed  to th is m u ch  serv ice  u n le ss  r e m o v e d  d u e  to  w e ld  fa ilure or 

fa ilu re  o f  the rail su rrou n d in g  th e w e ld .

3 .2  W ELD  T E S T IN G  P R O C E D U R E S

3.2.1  L o n g itu d in a l R a il P r o file s

L o n g itu d in a l rail p ro files  (LRP's) w e r e  tak en  on  se lec ted  e lectric  fla sh  b u tt w e ld s  in  the

5 -d eg ree  curve in  S ection  07. Strip  charts gen era ted  from  th e LR P's w e re  o verla id  to 

ca lcu la te  w e ld e d  rail en d  batter rates. W e ld e d  ra il-en d  batter rates are e x p ressed  as the  

lo ss  o f  surface (inches) p er on e  M G T, or in ch es /M G T .

3.2 .2  W e ld  D a ta b a se

A ll n e w  w e ld s  in sta lled  in  the H A L  te s t w ere  m on itored . R ecords w e r e  k e p t for in sta lla tion  

d a te , fa ilu re  ty p e  and  date o f fa ilu re  if  ap p licab le , an d  a ccu m u la ted  to n n a g e . T he records  

w e re  lo g g e d  in to  a database w h ic h  w a s  u se d  to d eterm in e  fa ilure rates o f  w e ld s  a tp articu lar  

a ccu m u la ted  ton n ages.
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3.2.3 W e ld  In s ta lla t io n

T hree ty p es  o f  w e ld s  w e re  in sta lled  for th is test: th erm ite  w e ld s , e lectric fla sh  b u tt w e ld s  

(EFBW ), a n d  p ortab le  e lectric fla sh  bu tt w e ld s  (PEFBW ). A t the b e g in n in g  o f  39 -ton  axle  

lo a d  testin g , th ere  w e r e  ap p rox im ately  85 therm ite w e ld s  loca ted  th ro u g h o u t th e  HTL. 

Forty o f th ese  w e r e  n e w  w e ld s  in sta lled  at the start o f  39 -ton  te stin g  an d  w e re  u se d  to  jo in  

in d iv id u a l test rails to  C W R  in  the test cu rves o f S ection s 03, 07, an d  25. T he rem ain d er  

o f the w e ld s  w e re  e ith er  "used w ith  u n k n o w n  serv ice  history" or "new  w e ld s  o u ts id e  o f  

the te st zones."  F a tig u e  data w a s  co llected  o n  all w e ld s  in  the H TL for p u rp o se s  o f  g e n ­

eratin g  a data  b ase .

T he w e ld  ch em ica l com p osition s an d  the p ro ced u res u se d  for m a k in g  stan d ard  

th erm ite  w e ld s  d u r in g  the b eg in n in g  o f  the 39-ton  ax le  lo a d  test w e re  the sa m e  as th o se  

u se d  d u r in g  the 3 3 -ton  axle lo a d  D efect O ccurrence an d  G row th  T est (D O G ).3 T h ese  

id en tica l p ro ced u res  a llo w  for perform ance resu lt co m p a riso n s b e tw e e n  the w e ld s  u n d er  

the tw o  axle  lo a d s . L ater in to  the 39-ton  axle lo a d  test, th erm ite  w e ld s  w e re  m a d e  u s in g  

a n e w  a lig n m e n t p ro ced u re  as d irected  b y  O rgo-T herm it, Inc. an d  the h e ig h t o f  th e  w e ld  

cro w n  w a s  ch a n g ed . T h ese  n e w  w e ld  p roced u res p r e c lu d e d  w e ld  p erform an ce  co m ­

p arison s w ith  th e  p r e v io u s  33-ton  axle lo a d  test. A lso , fo u r  n e w  a llo y  th erm ite  w e ld s  w ere  

in sta lled  in  S ec tio n  03 an d  w ere  tested  in d ep en d e n t o f  th e stan d ard  w e ld s .

E lectric fla sh  b u tt p la n t w e ld s  in sta lled  in  S ection s 0 3 ,2 5 , an d  07  at th e start o f  39 -ton  

axle lo a d  te s tin g  jo in e d  togeth er  a variety  o f  stan d ard  carbon 300 B hn rails a n d  h ea d  

h ard en ed  rails. A  se le c te d  nu m b er o f the h ea d  h a rd en ed  w e ld s  w ere  air q u en ch ed  at the  

req u est o f  the rail m an ufacturers. EFBW s w ere  o n ly  m o n ito red  for the req u ired  fa tig u e  

database in fo rm a tio n  w ith  the excep tion  o f test w e ld s  in sta lled  in  S ection  07, w h ic h  w ere  

also  te sted  w ith  the LRP m ach in e to m easure their resistan ce  to w e ld e d  rail e n d  batter.

P ortab le e lectr ic  fla sh  bu tt w e ld s  w ere  a lso  in sta lled  an d  LRP te sted  in  se c tio n  07  

(5 -d egree  c u rv e). A  p ortab le  a lternating current (A C ) w e ld e r  p erfo rm ed  a n u m b er  o f  w e ld s  

in  rails for testin g . E x istin g  strands o f in -p lan t c o n tin u o u s ly  w e ld e d  39 ft. rail w e re  cu t at 

se lec ted  19 -foo t 6 -in ch  centers o f the rails and  p ortab le  electric  fla sh  b u tt w e ld s  w ere  

in sta lled . E very  o th er  w e ld  in  the CW R strand w a s  a portab le  fla sh  b u tt w e ld . T his m an n er  

o f w e ld  la y o u t a llo w e d  for d irect com p arison s b e tw e e n  p la n t an d  p ortab le  w e ld  p er­

form ance.
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4.0 R E SU L T S A N D  D IS C U S S IO N

4.1 T H E R M IT E  W E L D S

P articu lar c lo se  atten tion  w a s  p a id  to  th e  n e w  stand ard  therm ite w e ld s  in sta lled  in  the  

fo u r  te s t  cu rves, S ections 0 3 ,0 7 ,2 5 , an d  31. T his w a s  d o n e  in  order to  a llo w  fa tig u e  failure  

resu lts  to  b e  com p ared  to the p r e v io u s  D O G  test resu lts  in  w h ic h  o n ly  w e ld s  in  cu rves  

w e re  m on itored . F igure 1 illu strates th e  lo ca tio n  o f  the for ty  n e w  w e ld s  in  the H TL as w e ll  

as w h ic h  w e ld s  h ad  fa iled  b y  65 M GT. T ab les 1A  an d  IB  lis t  th e w e ld  lo ca tio n s  a lo n g  w ith  

oth er  in form ation  inclu d ing: w e ld  k it  m o ld  s ize  an d  ty p e  (stan d ard  p o r tio n  u n less  

o th er w ise  n o ted ), rail section  an d  m e ta llu rg y , rail tem perature tak en  d u r in g  th e w e ld in g  

op eration , an d  the typ e  and  M G T o f th e  fa ilu re, i f  app licab le . T he tab le  is  d iv id e d  in  tw o  

parts: (1 A ) w e ld s  in sta lled  in  h ig h  rail o f  cu rves, an d  (IB ) w e ld s  in sta lled  in  lo w  rails o f  

cu rves. T w en ty -tw o  o f the in itia l 40  w e ld s  w e re  in sta lled  in  5- a n d  6 -d eg ree  cu rv es  in  the  

h ig h  rails, w ith  20 o f th ese  b e in g  stan d ard  p ortion  w e ld s . T he rem a in in g  18 w e re  in  lo w  

rails o f  cu rves, w ith  16 o f th ese  b e in g  stan d ard  portion .
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Table 1A. Thermite Welds Installed in the High Rail of Curves
at the Beginning of 39-Ton Axle Load Lubricated Testing

HTL
SEC-TIE

KIT
TYPE

RAIL
M ETALLURGY

RAIL
TEM P

FAILURE
M O D E

W E L D
M G T

03-0269 132/136 136 STD/132 STD 72 Detail Fracture 81.7
03-0316 136 132 STD/132 STD 67 Web Crack 41.2
03-0362 132/136 132 STD/136 STD 66 Base Crack 36.3
03-0743 136 132 HH/132 HH 50 Shelled 143.9
03-1536* 132 ALLOY 132 HH/132 HH 65 Web Crack 12.9
03-1674 136 136 HH/136 HH 42 Shelled 36.3
03-1859* 132 ALLOY 132 HH/132 HH 65 Web Crack 10.6
03-1995 136 132 HH/132 HH - Web Crack 45.2
07-0170 136 132 HH/132 HH 67 Web Crack 36.2
25-0046 136 132 STD/132 STD 45 Shelled 71.2
25-0070 132/136 132 STD/136 STD 55 Shelled 71.2
25-0093 132/136 136 STD/132 STD 58 Shelled 64.1
25-0182 136 132 STD/132 AHH 54 Shelled 29.2
25-0320 136 136 HH/140 STD 40 Web Crack 76.4
25-0726 136 133 STD/133 STD 52 Shelled 50.1
25-1134 132/136 132 STD/136 HH 39 Web Crack 22.4
25-1178 132/136 136 HH/132 STD 40 Web Crack 56.4
25-1225 136 . 132 STD/132 STD . 60 Shelled 58.8
25-1249 132/136 132 STD/136 STD 66 Shelled 58.8
25-1332 136 136 HH/136 STD 40 143.9
25-1618 136 132 HH/132 FHT .72 Shelled 55.5
31-0251 136 132 STD/132 HH 87 Detail Fracture 56.2

20 standard welds were installed in high rail of curves, 14 failed by 65 HAL MGT, and 19 were removed 
or had defects by 144 MGT.

* Alloy welds were not included in failure rate calculations.
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Table 16. Thermite Welds Installed in the Low Rail of Curves
at the Beginning of 39-Ton Axle Load Lubricated Testing

HTL
SEC-TIE

KIT
TYPE

RAIL
METALLURGY

RAIL
TEMP

FAILURE
MODE

WELD
MGT

03-0079 132/136 133 STD/136 STD - Detail Fracture 143.9
03-0268 132/136 136 STD/132 STD 77 Shelled 143.9
03-0315 136 132 STD/132 STD 79 143.9
03-0363 132/136 132 STD/136 STD 75 VSH, Shelled 143.9
03-0745 136 132 HH/132 HH - Batter 48.8
03-1537** 132 ALLOY 132 HH/132 HH 65 Web Crack 22.4

03-1677* ** 136 136HH/136HH - 84.4

03-1858** 132 ALLOY 132 HH/132 HH 72 Web Crack 94.9
03-1998 136 132 HH/132 HH - Web Crack 80.4

25-0101 136 132 STD/132 STD 52 143.9
25-0343 136 136 HH/140 STD 72 Shelled 143.9
25-0751 136 133 STD/133 STD 63 Web Crack 94.5
25-1161 132/136 132 STD/136 HH - Detail Fracture 143.9
25-1206 132/136 136 HH/132 STD 33 Battered 65.0
25-1255 136 132 STD/132 STD 44 Web Crack 94.9
25-1364 136 136 HH/136 STD 54 Shelled 143.9
25-1653 136 132 HH/132 FHT 40 143.9
31-0265 136 132 STD/132 HH 89 Shelled 5 6 2

16 standard welds installed in low rail of curves, 3 failed by 65 HAL MGT, and 12 were removed or had 
defects by 144 MGT.

* Weld was removed because of rail maintenance.
** Alloy welds were not included in failure rate calculations.
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O f the initial 20 standard w elds installed in  the high rails of curves, 14 o f these failed 

b y  65 M GT. B y 144 M GT, 19 of the original 20 w elds in the high rails w ere rem oved or 

had defects. The dom inant modes of failure w ere w eb cracks and shelling. A lth ough the 

shell defects d id  not cause catastrophic fracturing o f the w elds, they did  require a cessation 

of operation of the FAST train to allow  time for repair or rem oval of the w eld . Repair of 

shelled w eld s usually involved 1-2 hours (depending on the severity o f the shell) using 

electric arc w eld  repair. U sually immediate response w as taken in the repair or rem oval 

of shells found in  w elds as rapid deterioration o f the gage side of the rail head w o u ld  occur 

under h eavy axle loads. O f the 16 original w elds installed in the lo w  rails, three failed b y  

65 M GT. T w elve  w ere rem oved or had defects b y  144 M GT. A gain, w eb  cracks and shelling 

failures w ere the prim ary cause for rem oval.

Table 2 lists w elds that were installed at the start o f 33-ton axle load testing and also 

gives the failure type and accum ulated tonnage at failure if  applicable. The thermite w eld  

population w as small because m ost of the test rails in during the 33-ton axle load test were 

flash butt w elded. Thermite w eld  test records for the 33-ton axle load testing are available 

up to 65 M G T, therefore, comparisons can only be m ade w ith 39-ton axle load up to this 

accum ulated tonnage.
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Table 2. Section 25 and 03 - Thermite Welds Installed
at the Beginning of 33-Ton Axle Load Lubricated Testing

HIGH RAIL

HTL
SEC-TIE

RAIL
METALLURGY

FAILURE
MODE

WELD
MGT

03-0702 132 STD/136 STD
03-0820 136 STD/136 STD Shelled 65.0
03-0967 136 STD/132 STD
25-0340 136 STD/136 STD
25-0679 136 HH/136 STD
25-0846 136 STD/136 STD Shelled 56.0
25-1562 136 HH/136 STD

7 Welds installed in high rail of curves; 2 failed by 65 MGT

LOW RAIL

SEC-TIE RAIL
METALLURGY

FAILURE
MODE

WELD
MGT

03-0700 132 STD/136 STD
03-1150 136 HH/132 STD
25-0098 132 STD/136 STD
25-0328 136 STD/136 STD
25-0846 136 STD/136 STD
25-1616 136 STD/136 STD

6 welds installed in low rail of curves; 0 failed by 65 MGT

One of the four high rail w elds failed before 65 M GT in Section 25, w hile in  Section 

03, one out of three failed. N o w elds failed in the lo w  rails of Sections 03 or 25 during the 

33-ton axle load test.

4.2 E LE CTR IC FLASH  B U TT W ELD S - F A T IG U E

A pproxim ately 195 n ew  electric flash butt test w eld s w ere installed at the start of the 39-ton 

axle load lubricated testing in Section 03 (5-degree curve) and Section 25 (6-degree curve). 

Layouts illustrating the locations and rail m etallurgies that the w elds joined are show n in 

Figures 2 and 3. O f the 195 w elds, 100 w ere in the high rail and 95 w ere in the lo w  rail.

A t the end of 145 M GT of testing, five w eld s failed in the high rails of Section 03 and 

25 (five percent), w hile six failed in the lo w  rails (four percent). H orizontal w eb  cracks 

accounted for the bulk of w eld  failures. Table 3 lists the types of failures and the m illion 

gross tons at w hich  the w eld  failures occurred.
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Flash butt w eld  failures during the 33-ton axle load test can be seen in Table 4. A  

total of 175 flash butt w elds w ere tested in Sections 03 and 25 at the start o f the 33-ton axle 

load test, 91 w elds w ere in high rails and 84 were in lo w  rails. A t the end of 160 M GT of 

lubricated testing, three high rail w elds had failed (three percent) and three of the lo w  rail 

w eld s had  failed (four percent). Transverse defects and horizontal w eb  cracks w ere 

responsible for m ost plant w eld  failures during 33-ton testing.

For both 5- and 6-degree curves, increasing the axle load from  33- to 39-tons increased 

the failure rate b y  67 percent in the high rail welds and b y  50 percent in the lo w  rail w elds.

4.3 W E A R  O F ELECTR IC FLASH  B U T T  W ELDS - (PO R TA B LE A N D  SH OP)

Fourteen portable electric flash butt w elds along w ith 26 flash butt shop w eld s w ere tested 

in the 5-degree curve of Section 07. The high and lo w  rail w elds installed in Section 07 are 

listed in Tables 5A  and 5B respectively. A lso listed in the tables are: rail m etallurgy; w eld  

test location; the tonnage accum ulated during 39-ton axle load testing; w eld  batter w hich 

occurred during that accum ulated tonnage; and w eld  batter rate. Batter rates are deter­

m ined b y  d ivid in g the batter depth b y  the w eld 's service M GT. The top half of each table 

lists 8 w eld s that w ere exposed to 33-ton axle load testing and w ere carried over and 

exposed to 55.5 M GT of the 39-ton axle test. The bottom  half of the table lists the portable 

and shop w eld s that w ere installed in Section 07 at 75 M GT of the 39-ton axle load test. 

Since no w eld s of this type w ere tested during the D O G  test, com parisons cannot be m ade 

betw een w eld  perform ance under 33- and 39-ton axle loads.

The C W R  strands containing the portable and shop w elds w ere installed at 75 M GT 

of 39-ton axle load testing and currently have accum ulated 67 M G T of testing. Some of 

the w eld s w ere air quenched and are designated w ith an asterisk in  the tables.

The 8 h igh rail w elds w hich had previous 33-ton axle load exposure tend to exhibit 

higher batter rates than the w elds installed during 39-ton axle load testing. A t  the 

beginning of 39-ton axle load testing, batter already existed from  33-ton axle loads. Since 

batter accelerates w ith  increased batter depth, the rates w ere naturally higher in this rail.

The lo w  alloy in-line head hardened w elds (1500 series) w ere installed at the start of 

39-ton axle load testing and remained throughout the entire test. O ne o f the lo w  alloy 

w eld s (1506), in the high rail, developed a horizontal w eb crack and w as rem oved at 136 

M GT.
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Six of the portable w elds w ere m ixed together w ith  shop w eld s in standard 300 Bhn 

and induction head hardened CW R  strands. Data in Table 5 A  suggests portable flash butt 

w elds in standard carbon rail battered at rates slightly less than that of shop w elds. The 

data also shows post w eld  air quenching of portable w eld s is beneficial in the induction 

head hardened high rails. The non-air quenched w eld s battered at rates tw o times higher 

than air quenched w elds. L o w  alloy head hardened (AH H ) 370 Bhn and standard head 

hardened (THH) 370 Bhn portable w elds batter at sim ilar rates (.0003 in. per M GT) in high 

rails.

In the lo w  rail w elds, batter rates w ere sim ilar (approxim ately .OOOT’/M G T) for 

standard 300 Bhn, standard carbon induction head hardened, and TH H  370 head hardened 

rails. A ir quenching portable w elds offered no benefits in lo w  rail induction head hardened 

and TH H  370 w elds. L o w  alloy A H H  370 and lo w  alloy H H  (in-line) w eld s show ed 

m inim al batter rates. The lo w  rail shop w elds that w as air quenched show ed no benefits 

from  air quenching.
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HAL - HIGH TONNAGE LOOP
SECTION 3, 5 DEGREE CURVE

I -  CONTROL ZONE

I! - NON-CONTROL ZONE

+■ F lash Butt W elds

x A ir Q uenched Flash Butt W elds 

■B" Therm ite  W elds 

ib H uck Joint

Figure 2. Weld Locations and Rail Metallurgies

45



46



Table 3. Failed Plant Welds 39-Ton Axle Load
HIGH RAIL

SEC-TIE RAIL
METALLURGY

FAILURE
MODE

WELD
MGT

03-0624 136 HH 340/136 HH 340 VERT SPLIT HEAD 140.6
03-0791 132 HH/136 HH WEB CRACK 555
03-1516 132 HH/132 HH WEB CRACK 99.3
25-1476 136 FHT/132 FHT WEB CRACK 81.7
25-1548 132 AHH/132 AHH WEB CRACK 121.3

100 Welds installed in high rail, 5 failed by 145 MGT

LOW RAIL

SEC-TIE RAIL
METALLURGY

FAILURE
MODE

WELD
MGT

03-0698 136 HH 340/132 HH TD 103.2
03-1058 132 STD/132 STD WEB CRACK 100.5
25-0053 132 HH 300/132 HH 300 UNKNOWN 91.2
25-1509 136 FHT/132 FHT TD 20% 45.2
25-1533 132 FHT/132 FHT TD 22% 138.2
25-1558 132 FHT/132 AHH WEB CRACK 85.5

95 Welds installed in low rail, 6 failed by 145 MGT

Table 4. Failed Plant Welds 33-Ton Axle Load

HIGH RAIL

SEC-TIE RAIL
METALLURGY

FAILURE
MODE

WELD
MGT

03-0777 136 STD/136 STD TD41%
25-1583 136 STD/136 STD TD 22%
25-0679 136 STD/136 NHH SHELL 62.0

91 Welds installed in high rail, 3 failed by 160 MGT

LOW RAIL

SEC-TIE RAIL
METALLURGY

FAILURE
MODE

WELD
MGT

03-0810 136 STD/136 STD
03-0906 132 STD/132 STD WEB CRACK 94.0
25-0473 136 STD/132 STD BATTERED 56.0

84 Welds installed in low rail, 3 failed by 160 MGT
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H IG H  R A IL

Table 5A. Electric Flash Butt Welds in Section 07,5-Degree Curve

METALLURGY TEST
LOCATION

WELD
TYPE

TOTAL
MGT

BATTER DEPTH 
(IN.)

BATTER RATE 
(IN/MGT)

INDUCTION HH 1113 SHOP 55.51 0.0006
1115 SHOP 55.51 0.0008
1117 SHOP* 5551 0.0003
1121 SHOP* 55.51 0.0002

370 DHH 1309 SHOP 55.51 0.0003
1311 SHOP 5551 0.0001

370S DHH 1409 SHOP 100.00 0.0160 0.0002
1414 SHOP 100.00 0.0310 0.0003

LOW ALLOY HH 1502 SHOP 139.00 0.0330 0.0002
(IN-LINE) 1506 SHOP* 136.00 0.0020 0.00001

300 Bhn 1705 PORTABLE 67.40 0.0000**
1711 SHOP 67.40 0.0350 0.0005

INDUCTION HH 1805 SHOP 67.40 0.0240 0.0004

1809 PORTABLE 67.40 0.0160 0.0002
1813 SHOP 67.40 0.0220 0.0003
1817 PORTABLE* 67.40 0.0040 0.0001

THH370 1905 PORTABLE 67.40 0.0180 0.0003
1911 PORTABLE* 67.40 0.0140 0.0002

LOW ALLOY AHH 2005. PORTABLE 67.40 0.0270 0.0004
370 2011 PORTABLE 67.40 0.0140 0.0002
(OFF-LINE)

* AIR QUENCHED WELD
** INVALID BECAUSE OF METAL FLOW
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LO W  R AIL

Table 5B. Electric Flash Butt Welds in Section 07,5-Degree Curve

METALLURGY TEST
LOCATION

WELD
TYPE

TOTAL
MGT

BATTER DEPTH 
(IN.)

BATTER RATE 
(IN/MGT)

INDUCTION HH 1116 SHOP 56.41 0.0002
1118 SHOP 56.41 0.0001
1119 SHOP* 56.41 0.0001
1123 SHOP* 56.41 0.0002

370 DHH 1310 SHOP 56.41 0.0000
1312 SHOP 48.81 0.0002

370SDHH 1412 SHOP 100.00 0.0160 0.0002
1415 SHOP 100.00 0.0100 0.0001

LOW ALLOY HH 1504 SHOP 139.00 0.0060 0.00004
(IN-LINE) 1508 SHOP* 139.00 0.0000 0.0000

300 Bhn 1704 PORTABLE 67.40 0.0040 0.0001
1710 SHOP 67.40 0.0040 0.0001

INDUCTION HH 1804 SHOP 67.40 0.0060 0.0001
1808 PORTABLE 67.40 0.0040 0.0001
1812 SHOP 67.40 0.0100 0.0002
1816 PORTABLE* 67.40 0.0060 0.0001

THH370 1904 PORTABLE 67.40 0.0040 0.0001
1910 PORTABLE* 67.40 0.0100 0.0001

LOW ALLOY AHH 2004 PORTABLE 67.40 0.0000 0.0000
370
(OFF-LINE)

2010 PORTABLE 67.40 0.0020 0.00003

* AIR QUENCHED WELD
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5.0 C O N C L U S IO N S

5.1  TH ER M ITE W ELD S

- D uring 33-ton axle load testing, 29 percent o f w elds installed in the h igh rails failed b y 

65 M GT. There w ere no failures in the lo w  rails of Sections 03 and 25.

- A t 65 M G T of 39-ton axle load testing, the high rail failure rate w as 67 percent, w hile the 

lo w  rail failure, rate w as approxim ately 13 percent.

- For both Sections 03 and 25 high rail thermite w elds, increasing the axle loads b y  20 

percent (i.e. from  33-ton to 39-ton axle load) increased the failure rate b y  130 percent at 

65 M G T of testing.

- A s  of 144 M GT, 95 percent of high rail w eld s had failed w hile 75 percent o f lo w  rail w elds 

had  failed.

5.2  ELECTR IC FLASH  B U TT SH O P  W ELD S

- D uring 33-ton axle load testing, the total high rail failure rate for 5- and 6-degree curves 

w as 3 percent, w hile the lo w  rail failure rate w as 4 percent.

- D uring 39-ton axle load testing, the high rail failure rate for 5- and 6-degree curves w as 

5 percent w hile the lo w  rail failure,rate w as 6 percent.

- For both 5- and 6-degree curves, increasing the axle load b y  20 percent increased the 

failure rate b y  67 percent in the high rail w elds and b y 50 percent in  the lo w  rail welds.

- H orizontal w eb cracks w ere the dom inate m ode of failures for plant w eld s in  39-ton axle 

load testing, w hile both transverse defects and horizontal w eb  cracks w ere responsible 

for plant w eld  failures during 33-ton testing.

5.3  PO R TA B LE  ELECTRIC F L A SH  B U T T  W ELD S

Because of the lim ited number of portable w elds in  track during 39-ton axle load testing,

firm  conclusions cannot be derived from  such a lo w  population o f test sam ples and trends

can only be observed after 67 M GT of service.

- Portable w elds in standard induction head hardened high rails batter at rates less than

that of shop w elds. ' -
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- L o w  rail w eld s m ade w ith  portable and shop flash butt w eld s batter at nearly identical 

rates.

- In induction head hardened high rails, non-air quenched portable w eld s d isplay batter 

rates tw o times higher than w elds w hich w ere air quenched.

- L o w  rail portable w elds show  no benefits from  post w eld  air quenching.
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OVERVIEW OF THE FAST/HAL 
RAIL PERFORMANCE TESTS

IN T R O D U C T IO N

The current H eavy A xle  Load (HAL) tests are the outgrow th of three distinct preceding 

rail m etallurgy experiments as w ell as of a crack grow th experim ent (FASTKRAX). In 

addition, rail w ear and defect occurrence and grow th studies w ere undertaken under 33 

kip w heel loads as part of H igh Tonnage Loop (HTL) operation im m ediately before the 

introduction of the 39 kip w heel loads.

The results of the rail tests from  the current H A L  experim ent have been reported in 

Part I through IV of this document. The authors have utilized some data from  the earlier 

H TL experim ents to provide w heel load comparisons. The intent of this overview  is to 

take a som ewhat broader view . It w ill exam ine the results from  both the H TL (33 kip 

w heel load) and H A L  (39 kip w heel load) experim ents in greater detail and in the light of 

w hat has gone before in previous FAST experim ents and as the result of research elsewhere 

into rail performance.

B A C K G R O U N D

In order to understand the significance of the current results from  the H A L  experim ent as 

w ell as the research approach undertaken, a brief review  of salient findings from  previous 

experim ents w ill prove helpful.

Previous experiments have show n that w ear rate m easured both as side w ear at the 

gage face (GF) and as vertical head height loss (HHL) are inversely related to initial 

hardness as illustrated in Figure 1. The variation in GF from  the softest (260 Bhn) to the 

hardest (~380 Bhn) w as about 5:1. U nder the FAST test conditions of unbalance (2") and 

curvature (5°), the GF typically w as about four times greater than the HHL. Lubrication 

applied to the gage face of the high rail in the test curve (but w ith likelihood of some 

contamination on the running surfaces o f both high and lo w  rails) w as m uch m ore effective 

in suppressing GF than commercially available im provem ents in m etallurgy; reductions 

in GF of over 100:1 for carbon rail w ere achieved in the FAST experiments. But the benefit 

ratio dim inished w ith increasing initial hardness of the rail steel as show n in Figure 2. The
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presence of effective lubrication on the gage face of the high rail, even in the presence of 

som e contam ination on the running surface of the rail, caused the ratio of G F to H H L to 

drop to near unity. The extrem ely effective levels of lubrication achievable on the FAST 

loop generally w ou ld  not be achievable in revenue service.

The extreme success in suppressing gage face w ear at FAST b y  lubrication w as 

accom panied, not surprisingly, b y  the developm ent of rail fatigue (shell/DF) occurrence 

as the cause o f rail replacement. The disparate lubrication conditions o f the first tw o 

m etallurgy experim ents (RME I, initially dry and RM EII, effectively lubricated from  the 

start) prom pted the use of an operating policy consisting of lubricated running intersp­

ersed w ith  brief periods of dry running in the next experim ent (RME III); the intent w as 

to suppress fatigue defect formation, more nearly balancing w ear life w ith  fatigue life. 

The attem pt w as apparently successful; in the same 5-degree curve only one D F developed 

in approxim ately 230 M GT of operation (RME III) com pared to 15 D F's in 230 M GT in 

RME II (the sources and m anufacturing processes of rail as w ell as m ix of m etallurgies 

w ere som ew hat different from  one experim ent to the other). Still it w as not clear whether 

the apparent im provem ent in fatigue performance had come about from  the m etal rem oval 

itself or b y  adjustm ent of the rail profile to a more conformal configuration, both of w hich 

w ere the results of having interludes of dry running.

A t the same time, the three dimensional rail fatigue m odel, PHOENIX, w as being 

developed. Exercise o f that m odel suggested that head loss at a rate near 2m m /100 M GT 

should enhance the rail fatigue behavior. In addition, im provem ents in rail steel metal­

lurgical cleanliness w ere predicted b y the m odel to have a potentially large beneficial effect 

on fatigue behavior.
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Thus, the focus of the next rail performance experim ent w as directed at continuing 

the evaluation of dry w ear resistance for im proved rail m etallurgies that w ere becom ing 

available commercially, and at evaluating the effects of m etallurgical cleanliness and rail 

grinding on fatigue behavior. Perhaps, unfortunately, the occurrence of a derailm ent in 

the exit spiral of Section 25, necessitated the subsequent application of a sm all am ount of 

lubricating oil to the running surface of the inside loop rail. This caused the results from  

Section 07 follow ing the derailm ent not to be directly com parable w ith  results obtained 

previously under very  d ry conditions.

Efforts w ere m ade to keep the same rails in test under both 33 kip and 39 kip w heel 

loads. In such cases, defect prone rails had to be replaced, not alw ays in kind. N e w  rails 

p u t into test at the introduction of the 39 kip w heel loads, b ut from  the same heat as rails 

already in test, w ere referred to as old  unused rails. In the fatigue portion of the test, 

com parison of rails already in test w ith  those from  the same heat introduced w ith  the 39 

kip w heel loads (old unused) allow ed for some assessment o f conditioning b y  the lighter 

loads.

In the 33 kip w heel load phase, rail w hich had been asym m etrically ground (high 

rail only) exhibited tw o features that prom pted further exam ination in the pilot grinding 

test initiated at the introduction of the 39 kip w heel load. The tw o features were:

(a) significantly higher lubricated gage face w ear rates than those of comparable 

rails having conformal profiles, and

(b) occurrence of bi-planar shells initiating under the unloaded portion of the gage 

corner (not contacted b y  the wheel).

The higher gage face w ear rates occurring in the asym m etrically ground rail are 

illustrated in Figure 3 w here the GF of carbon rails has been plotted against the ratio of 

GF to HHL. Segm ent A  w as closest to the lubricator w hile Segm ent C  w as at the opposite
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end of the curve. A s  lubrication effectiveness tended to dim inish tow ard the opposite 

(exit) end of the curve, the GF and the ratio G F/H H L both increased. The asym m etrically 

ground rail exhibited G F's approxim ately twice as high as those observed in conform ally 

contoured rail at the same level of G F/H H L ratio. Even so, the lubricated G F of the 

asym m etrically ground rail w as still low , about one-fifth of that w hich  m ight have been 

expected in  the ve ry  d ry  condition.

Before proceeding further, it m ay be w orthw hile to recall w hat the 33 kip w heel load 

tests have told us about the effects of m etallurgical param eters upon fatigue defect initi­

ation. Figure 4 illustrates h ow  the rail defect occurrence behavior (total defects/rail) varies 

w ith  three m etallurgical parameters:

• V olum e fraction of oxide

• Sugino Index (a measure of the clustering tendency of the oxide inclusions)

• H ardness in Bhn

Four data points are portrayed upon the figure; a fifth can be inferred. If the rail 

w ith  the next low est value of VFXSI/Bhn below  the four show n w ere expected to produce 

its first fatigue defect just as the HTL test came to an end, its data point w ou ld  occur at 

the circle show n at the low er left hand com er of the figure. Its presence there w ould  

suggest that the relationship between defect occurrence rate and the m etallurgical 

param eter factor is not really linear on logarithmic axes b ut rather curves dow nw ard  to 

the left im plyin g an increasing dependency of defect rate on the m etallurgical parameters. 

Considerable uncertainty exists in the exact form of the relationship because there is likely 

to be considerable statistical variability in defect occurrence in  individual rails due to a 

small sam ple size. Representativeness of the cleanliness m easurem ents is also uncertain 

as they have been determ ined from only a few  exam ination planes. N evertheless, the 

results have dem onstrated experim entally the direct effect of m etallurgical cleanliness on 

rail fatigue defect rate. The higher defect rate of some of the test rails has prevented their 

carry-over into the H A L  phase of the experiment.
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D IS C U S S IO N  O F RESULTS

A s indicated previously, the results o f the current H A L  tests have been presented in Part 

I through IV of this document. The experim ental information w ill not be repeated here. 

Rather, that data w ill be exam ined for its m eaning in the light of the data from  the HTL 

(33 kip w heel load) and other previous tests.

Section 07/W ear

The GF penalty factors resulting from  the introduction of the 39 kip  w heel loads 

have been plotted in Figure 5 as a function of position through the test curve in Section

07. This has been done to determine an y position-in-curve (PIC) effects. The fact that the 

SiC rV  H H  rail at the entry to the curve exhibits a very different penalty factor from  those 

of nom inally comparable m etallurgies (the H H  and D H H  rail) suggests that indeed a PIC 

effect has existed in the dry test phase. The contaminated condition curve also suggests 

the action of a less strong PIC effect. Thus, the question becom es w h at data can be con­

sidered m ost appropriate.

Some judgem ents about appropriateness can be m ade b y  arranging the data as shown 

in T able 1 using both the GF and H H L inform ation to help test for consistency. Considering 

first the dry condition, the exceptionally lo w  33 kip w heel load G F of the SiCrV H H  rail 

at the entry to the curve is to be noted. The lo w  GF is reflected in  an exceptionally low  

value of G F/H H L ratio. The CrM o rail, next in the curve, also exhibits a lo w  33 kip w heel 

load G F/H H L ratio b y  comparison w ith  the other test m etallurgies. These exhibit ratios 

m uch more like those observed in earlier experiments. Thus, it appears that some of the 

data for the SiCrV H H  rail and possibly the CrM o rail is suspect. O n this basis, the test 

seems to show  that in the dry rail condition> head hardened rails have exhibited no increase 

in G F (measured in w ear/M G T), w ith  the change to 39 kip w heel loads. In the contam­

inated condition, the greater consistency of the G F/H H L ratios under both the 33 kip 

(100T) and 39 kip (125T) w heel loads suggests less influence of PIC effect. H ow ever, the 

G F/H H L ratios are greater for the 33 kip  w heel load reflecting the effect o f the 39 kip w heel 

load to increase H H L more than it does GF — at least in the center position of the curve.
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METALLURGY

SiCrVHH
CrMo

HH (off line) 

340 DHH 

370 DHH 

370 SDHH

Table 1. FAST HTL Section 07 Wear Rates

518 GAGE FACE WEAR RATES x 103 

DRY CONTAMINATED
100T 125T 100T 125T

0.968 2.406 1.371 2.323

3.368 4.283 2.812 —

2.857 3.275 1.914 2.513

2.923 2.957 1.768 2.323

2.894 2.448 1.476 2.143

2.493 2.519 1.067 2.081

GFIHH RATIO________

DRY CONTAMINATED
100T 125T 100T 125T

0 . 8 8 1.30 5.67 5.28

1.94 1.92 3.79 —

5.85 2.90 7.28 4.93

4.02 2.28 6.03 4.47

6 .1 1 1.60 5.41 4.12

5.80 1.75 4.25 4.52

HEAD HEIGHT LOSS RATE x 10?

DRY CONTAMINATED 
100T 125T 100T 125T

1 .1 0 1 1.857 0.242 0.44

1.740 2.234 0.741 —

0.488 1.128 0.263 0.51

0.727 1.299 0.293 0.52

0.474 1.533 0.273 0.52

0.430 1.437 0.251 0.46



Figures 6, 7, and 8 show  h ow  w heel load and lubricant contam ination alter the 

benefit achievable b y  increased rail hardness. In Figure 6, the C rM o (39 kip w heel load) 

and SiC rV  H H  (33 kip w heel load) GFs are displaced w ell aw ay from  all o f the rest o f the 

data suggesting that these data are suspect. This w as clear before for the SiC rV  H H  but 

w as not so clear for the CrM o. Thus, these observations reinforce the v ie w  that in  the 

d ry  phase the first tw o m etallurgies at the entry to Section 07 have acted inconsistently 

from  the rest o f the rail in test and that the calculated w heel load pen alty factors for 

them  are suspect. The rem aining data does seem to be self consistent suggesting that the 

w h eel load  change has had no effect on GF. The contam inated condition data show n in 

Figure 6 illustrates tw o significant events:

(a) Contam ination has had a greater effect on reducing the GFs of the harder rails; 

this is opposite to the pattern of behavior usually observed in the past and cur­

rently observed in Section 25 w hen lubricant is applied liberally to the gage face 

o f the high rail.

(b) The increased w heel load has dim inished the effect of greater hardness on GF; 

this is consistent w ith  laboratory w ear tests sim ulating gage face w ear w hich 

w ere run in the d ry condition. It is not clear w h y  the same effect w as not noticed 

in the d ry phase of the operation.

Figures 7  and 8 portray the behavior of the high and lo w  rail H H Ls respectively w ith  

increased hardness. The effect of increased w heel load to increase H H L is observed in  all 

cases except for the lo w  rail under contaminated conditions. W ith contam inated condi­

tions, the lo w  rail H H L w as not altered at all b y the w heel load change. The effect of 

contam ination on H H L of both rails w as to decrease the dependency upon hardness --just 

the opposite of the effect on GF. A n d  on both rails, the contamination has reduced the 

effect o f w h eel load b y  comparison w ith  the behavior in the d ry condition.
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Figure 7. High Rail Head Height Loss Rates as a Function of Hardness
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U nfortunately, there is no tribometer data available for the 33 kip  w heel load test 

phase to perm it an assessment of the nature of contamination. But som e tribometer data 

does exist for the contaminated part of the 39 kip w heel load phase and is presented in 

Figure 9. In spite of the fact that the lubricant (oil) applied to the inside loop rail (high 

rail in Section 07) w as applied only to the ball, the greatest reduction of coefficient of 

friction has been on the gage face, though not entirely consistently throughout the entire 

O ctober/N ovem ber period shown. The coefficient of friction on the lo w  rail had been 

low ered  to about 0.3 fairly consistently for the two-m onth period. Presum ably the 

source o f that surface contamination is the gage face track-side lubricator at the entrance 

to Section 25 about tw o miles (in the direction from w hich the train comes) aw ay.

It is not clear w h y  such m arked differences in w heel load dependence developed 

betw een the d ry  and contaminated conditions of operation. This difference in  behavior 

is extrem ely troublesom e because although the dry condition is w ell defined, the con­

tam inated condition is not. Probably a nearly infinite variety of contam inated conditions 

can exist in revenue service. It is unclear that the FAST observations are applicable to all 

or even any o f them.

C onceivably the w ear behavior, especially GF behavior w ith  w heel load change in 

both the d ry  and contaminated phases, could have been associated w ith  w heel profile 

changes (and w ith  them, the rail profile changes) and perhaps even w heel class m ix 

changes. These profile changes occurred w ith the introduction of the heavier axle load 

cars and continued b y  w ear and deform ation throughout the progression o f the tests. 

Figure 10 illustrates a typical set of rail profiles in the SiCrV H H  at the entry to Section 07. 

The four profiles show n represent, from  right to left on the gage face, contam inated (33 

kip w h eel load), d ry (33 kip w heel load), dry (39 kip w heel load), and finally contam inated 

(39 kip  w h eel load). The effect of dry running was to cause a sharp transition from  the 

gage face to the ball (marked b y  the letter A) permitting a clear-cut definition o f the flange 

contact angle. Operation under contaminated conditions softened that transition as 

illustrated b y  the circled region m arked B. Also, the region at the bottom  of the gage face 

is shaped differently under 39 kip w heel load contaminated conditions than that observed 

under d ry conditions.
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A

1 Contaminated; 33 kip WL
2 Dry; 33 kip WL
3 Dry; 39 kip WL
4 Contaminated; 39 kip WL

Figure 10. Profile Configurations in Section 25 SiCrV HH Rail at Various Times During the HTL and HAL Tests



C urvin g m odel analyses have been undertaken using the rail profiles show n in 

Figure 10 for the 33 kip and 39 kip w heel load contam inated conditions and the w heel 

profiles given b y  Bob Florom. The intent has been to determine if w heel and rail profile 

differences could have contributed to the G F changes w hich have been attributed to 

w h eel load only. The results are tabulated b elow  for a 5-degree curve w ith  the fo llow in g 

coefficients of friction: high rail ball, 0.35; lo w  rail ball, 0.30; high rail gage face, 0.25.

33 kip 39 kip

Train Resistance 2.07 1.59

T x U  (ft-lb/ft) 60.5 33.5

A ngle @ Flange Contact (°) 70.0 53.5

The results suggest that the rounding of the gage face/running surface transition

w ith  an ensuing decrease in the angle at flange contact should have reduced the w ear rate 

and train resistance substantially. The opposite actually happened. Thus, although 

curving m odel analysis shows that w heel and rail profile differences could have con­

tributed to the differences in GFs observed, the observed behavior in the contam inated 

phase is not in agreem ent w ith  the analysis predictions.

Section 25

The rail fatigue tests w ere accom plished in Section 25 under consistent conditions 

o f effective lubrication on the high rail. A t  approxim ately 3 M GT intervals, the train w as 

run d ry in the reverse direction to clean the rail for flaw  inspection and to m ark the 

boundaries of any DF's present in the rail: T w o tests w ere undertaken in  the section:

• Evaluation of the effects of m etallurgical characteristics (m etallurgical 

cleanliness and hardness)

• Pilot grinding test to confirm previous observations and to evaluate the 

TTC  grinder capability to m aintain profile and achieve needed m etal 

rem oval rates
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In the m etallurgical characteristics evaluation test, some rails w ere carried through 

from  the previous H TL (33 kip w heel load) test; these are referred to as survivor rails. 

O ther rails from  the sam e tests as rails previously in the H TL tests w ere introduced new  

into test at the beginning of the H A L  test; these are referred to as old unused rails. Figures 

11  and 12 illustrate h o w  the 39 kip w heel loads have influenced the total defect occurrence 

behavior (defects/rail installed) b y  w a y  of comparison w ith  rails of the same type exposed 

to 33 kip w h eel loads only. The N SC  269 old unused rail initially exhibited a defect 

occurrence rate sim ilar to that observed in the HTL tests. But at 80 M G T the rate increased 

apparently only to slo w  d ow n  again after 100 M GT to a rate sim ilar to that for the 33 kip 

w h eel loading. O verall though, the defect occurrence rate w as slightly more than twice 

as large under the 39 kip  w heel loads. The Bethlehem 289 old unused rail behaved quite 

differently. From  60 M G T to 120 M GT, the rate w as about the same as the overall rate 

under the 33 kip w h eel loads. But above 120 M GT the rate seems to have dropped to zero 

(no additional defects w ere reported between 120 and 150 M GT). Thus for this rail type 

the overall defect occurrence rate has decreased b y  about 50 percent w ith  increased w heel 

load.

It is not really likely  that the defect occurrence of any steel w o u ld  decrease w ith 

increased w heel load. Perhaps the differences are due to rail-to-rail variations (most 

probably in m etallurgical cleanliness).

The defect occurrence behavior of the survivor rails is less subject to rail-to-rail 

variability effects because the same rails have been retained in test through both w heel 

load periods. Figure 13 portrays the defect occurrence behavior for three survivor rails; 

one old unused data set has been included for comparison. The N K K  269 and 285 rails 

produced no defects in  the period of the 33 kip w heel load tests, but did begin to produce 

defects w ith  the introduction of the 39 kip wheel loads. The rate w as lo w  at the start 

(150-240 M GT) but increased at 240-280 MGT. The 269 old unused and survivor rail 

behaved m uch the sam e on average suggesting that little conditioning due to 33 kip 

operation o f the rail occurred. The N SC  H H  rails w ere considerably harder than the N K K  

rail show n, but nevertheless did  produce one defect (in four rails) under the 33 kip w heel 

loads. The increase in  defect occurrence rate w as only slight through the 39 kip w heel 

load from  150 M G T to 290 M GT but a higher rate m ay have begun to appear at 300 M GT.
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The effect o f increased w heel load on defect occurrence behavior seems to depend 

upon hardness of the rail as shown in Figure 14. In the 150 M G T period under 39 kip 

w heel loads, a 390 Bhn rail w ould  not be expected to exhibit an increase in defect 

occurrence rate. W ere one to go beyond 150 M GT, it is likely that even the 390 Bhn rail 

w ou ld  exhibit an increase in defect occurrence rate. Ideally Figure 14 should have been 

com posed as relative defect occurrence rate for the 39 kip vs. 33 kip w heel loads as a 

function o f hardness, but that w as not possible because no defects form ed in the NICK 

rails in 150 M G T under the 33 kip w heel loads.

The final param eter of concern in the m etallurgical characteristic tests is crack grow th 

rate. The crack grow th  curves for a typical cross section of rails that developed D F's under 

the 39 kip w h eel loads as shown in Figure 15 w ith the results from  33 kip w h eel loads tests 

superim posed as the shaded area. Generally, the grow th behavior under the 39 kip w heel 

loads seems about the same as that observed under the 33 kip w heel loads.

Pilot G rinding Test

This test w as undertaken to determine whether the bi-planar shells and higher gage 

face w ear rates associated w ith the asymmetric rail profile observed previously  in the HTL 

test could be reproduced. A lso the intent w as to determine w hether the Test Center grinder 

could m aintain a w orn  rail profile and achieve the necessary metal rem oval rates to 

accom plish a m ore elaborate grinding study. In this current H A L  test, the asym m etric 

profile yield ed  the greatest number of fatigue defects and the naturally d ry  w orn  rail 

yielded  no fatigue defects. The ground-to-w om  and the as-initially-rolled profiles w ere 

interm ediate in behavior. There w ere tw o obvious weaknesses in the test:

• O n ly  tw o 80-foot rails were used for each profile.

• B and C  rails w ere used in each test zone except in the naturally d ry  w orn  segm ent 

w here only C  rails w ere used.

Thus the population is too small and the confounding effect of B vs. C  rails has m ade 

com parison of defect rates impractical.
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H ow ever, answers to the original questions can be provided. Bi-planar shells w ere 

again observed to be associated w ith  the asym m etric profile. Figure 16 show s the 

appearance of the bi-planar shell w ith  its origin under the relieved (by grinding) portion 

of the ball. A ll of the shell/D F's that form ed in the B rail w ere located un usually close to 

the surface (about 0.2" deep) and exhibited only very  short shell grow th before turning 

to DF's. The origin of the shell appeared to be at an oxide inclusion as show n in Figure

17. The prom pt turning of the shell to a D F after only a brief period of longitudinal 

grow th is consistent w ith an analytical m odel of shell growth. It predicts that the closer 

the shell initiates to the surface the shorter w ill be the shell grow th before turning occurs 

and the greater w ill be the turning tendency. This is dem onstrated in Figure 18.

The asym m etric profile has again been associated w ith  a higher lubricated GF, as 

illustrated in Figure 19. The low est overall G F occurred w ith  the as-rolled 133 RE rail 

profile. The w ear rates of the dry-w orn and ground-w orn rails (segm ents A  and B 

respectively) seem unusually high considering the intended conform ality (and single 

point) of contact. Figure 20 shows w hy. The rails in  the first tw o segm ents w ere supposed 

to have been ground to create (segment B) and m aintain (segments A  and B) a w orn  profile. 

But the profile actually ground initially on these rails w as asymmetric. Figure 21A  shows 

that in the period in w hich an asym m etric profile existed on the rails in segm ents A  and 

B the gage face w ear rate w as quite high (0.0009" to 0.0012"/MGT). A fter the profile w as 

corrected to w h at it w as supposed to be (near 50 M GT), the w ear rate dim inished to about

0.0001"/MGT in these tw o segments. Figure 21B illustrates the consistently high gage face 

w ear rate of the asymmetric profile (segm ent C) and the lo w  w ear rate of the as- 

initially-rolled profile (segment D). There is a brief period of about 20 M G T show n in the 

figure at the beginning where the configuration of the as-initially-rolled profile w as 

undergoing change before any gage face w ear occurred at the 5/ 8-inch gage point. Even 

though the lubricated GF of the asym m etrically ground is apparently higher, the rate is 

still about only 1/3  that expected for the d ry  condition.
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Figure 16. Bi-planar Shell/DF Occurring Beneath Gage Comer of the
Asymmetrically Ground Rail

79



A120 3 Inclusion

Figure 17. Fractographic V ie w  of 
Bi-planar S h ell O rig in

80



COQ
x"LU□

t= 0
CD<:
co_i_iLUXCO

-1

-2 —

a Res = 40 ksi f = 0.1 
Vert

a R9S = Oksi h/d = 0.005 
Long

1

d/c = 0.5  (shallow)

uPWiard

\  ■ ----------
X. stable

d/c = 2 .0  (deep)

1 1
1 2  3  4

NORMALIZED SHELL LENGTH, l/c

J
5

Figure 18. The Effect of Shell Depth on Shell Turning Parameter as a Function of Shell Length

ST
AB

LE
 G

RO
W

TH
 

UN
ST

AB
LE

 G
RO

W
TH



Figure 19. Com
parison of Lubricated G

age Face W
ear Rates in the Pilot G

rinding Test Zone

zs

Overall Average
Lubricated Gage Face Wear Rate 

0.001 Inches/MGT
o
ho
Ul

CJl
o

o
U l

o
o

ro
Ul

W

co
CD
CO
3
CD3

o

o
O) N o m in a lly  D ry  W o rn

-g
ro

N o m in a lly  

G r o u n d  W o rn

o
co
oo

T w o  C o n ta c t  

( A s y m m e tr ic )  

G r o u n d

coo
A s  R o lle d  a n d  

S e r v ic e  W o rn  ( L u b ’d )

1.50



Figure 20. Asymmetric Profile Initially Ground on Rail in Segments A and B
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One final observation is relevant. It w as intended to grind segments A  and B to the 

w orn  profile rem oving about 2 m m / 100 M GT. H ead height loss m easurem ents suggested 

that the rem oval rate w as m uch closer to 1 m m /100 M GT.

Thus, the results of the pilot grinding test w ere a m ixed bag. The occurrence of 

bi-planar shells and the existence of a higher GFs w ere confirm ed in  the asym m etric profile 

test segment. But the im balanced m ix of B and C  rails m ay have confounded the defect 

occurrence rate results (along w ith  the small size of. the experiment). G rinding a w orn 

profile w ith  the available 4 stone/rail grinder turned out to be a greater challenge than 

expected. Reliable rem oval of the specified am ount of metal requires m uch better precision 

of m easurem ent that w as at first practiced.

C O N C L U S IO N

Increased w heel loads seem to cause very  different effects on the gage face w ear rate 

depending on the character (lubrication extent) of the w h eel/rail contact. Even for head 

height loss rates, the character of the w heel/rail contact appears to p lay  an im portant role.. 

In each case it is not clear w h y  the disparate behavior occurs. The effects of w heel and 

rail profile differences remain uncertain as w ell. N evertheless, gage face w ear rates appear 

to increase betw een 0 and 40 percent for a 20-percent increase in w heel load.

The effect of w heel load on the fatigue defect occurrence rate has been show n most 

reliably to depend upon hardness w ith  the carbon rails (near 300 Bhn) show ing large 

increases and rails near 390 Bhn sh ow in g no increase in the duration of the test. The pilot 

grinding test confirm ed that bi-planar shells and higher gage face w ear rates can occur in 

asym m etrically ground rails under FAST test conditions; i.e., non-conform al profile 

conditions. Future experiments designed to study the effect of grinding m ust have a bigger 

population size w ith a balanced rail m ix and m uch greater care m ust be paid  to profile 

control and rem oval rate determination.
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INTRODUCTION

To the North Am erican railroad industry, FAST, the Facility for Accelerated Service Testing, 

means track testing. Since its inception in 1976, well over 1 billion tons of traffic have been 

operated over a closed loop of track under carefully controlled and monitored conditions. 

Countless labor-hours have been expended in train operation, track maintenance, measure­

ment, documentation efforts, and data analysis.

This appendix provides readers with an overall background to the F A S T  program. 

During the last 4 years, a controlled set of experiments has been conducted to determine the 

engineering impact to track and mechanical components when subjected to a controlled 

increase in applied axle loading. D ata from these trials is being made available to the industry 

to provide component performance information as an aid in determining the most safe, 

reliable, and efficient method of operating a railroad system.

Particular emphasis has been on the effects that heavier axle loads have on track 

materials and maintenance procedures.

BRIEF H ISTO R Y O F FAST

In September 1975, a report recommending a facility to study wear and fatigue of railroad 

track and equipment was issued by the Association o f Am erican Railroads (A A R ) and the 

Federal Railroad Administration (FRA). The following spring track construction began at 

the High Speed Ground Test Center, Pueblo, Colorado, (now the Transportation Test Center). 

The first loop covered 4.78 miles (Figure 1) and utilized some of the existing Train Dynamics 

Track to reduce construction costs.
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Figure 1. Test Tracks at High Speed Ground Test Center, Pueblo, CO , Showing
General Location o f FAST

O n September 22, 1976, the first F A S T  train began accumulating tonnage on the ded­

icated test track. Since that time, a test train in various Configurations and under a variety of 

test conditions has continued to operate.

The original F A ST  program was sponsored by the FR A , with all operating and mea­

surement costs being the responsibility of the government. The railroad industry contributed 

significantly to the program by providing technical assistance and equipment, and by 

transporting materials for construction and maintenance.



After 1977, government emphasis at the . test center shifted away .from high speed 

transportation to research of conventional transportation modes. The testing center was 

renamed Transportation Test Center (TTC), and in late 1982, government policy changed 

the operational procedures making the A A R  solely responsible for its operation and main­

tenance.

F A S T  also continued to change. The annual F A S T  program operating budget had 

steadily decreased over a period of five years and, by 1985, it was apparent that the expense 

of operating a full train over the 4.78 mile loop was no longer affordable. To permit continued 

operation o f F A ST, a cut-off track was proposed, designed, and constructed using A A R  funds 

(Figure 2). The cut-off track, approximately 1.3 miles, effectively reduced the loop from 4.78 

miles to 2.7 miles. The new loop, named the High Tonnage Loop (HTL), consisted of one

6-degree curve and three 5-degree curves. A ll curves in the loop utilized spirals 300 feet long. 

As with the original loop, the H T L  was divided into a number of test sections, which made 

inventory, maintenance, and measurement activities easier to document.
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Completion of the H T L in  June 1985, significantly reduced operating costs and allowed 

continuation of the F A ST  program using the original 33-ton axle load consist.

Since 1976, F A ST  has monitored tonnage applied to all test sections. This is accom­

plished by having every car and locomotive weighed and assigned a control number. This 

number is used to monitor daily train consist makeup and, when combined with the lap count 

for each shift, allows an accurate determination o f applied tonnage over the loop. Each train 

operation is monitored in such a fashion, except for occasional work trains used for ballast 

dumping, rail unloading, or other track maintenance support functions.

Details o f H TL Operations 

33-ton Axle Load Phase

Along with the H T L  came minor changes to the method of train operation. A t the start of 

the H T L  operation, a major rail fatigue test was initiated that required different operating 

characteristics than was used before. Train operation under the previous F A S T  policy con­

trolled train direction so that both clockwise and counterclockwise operations were balanced. 

The train operated only counterclockwise on the H TL. The main reason was that lubrication, 

applied from a wayside lubricator, could be controlled from one location. (A  calcium soap 

base lubricant with 11 percent graphite has been utilized at all wayside lubricators at FAST.) 

The combination of single directional operation and the use of wayside lubricators created 

the intended differential in the lubrication -  more near the lubricator, less at distances remote 

from the lubricator. By installing like or identical rail sections at various locations around 

the loop, the effect of a different lubrication levels could be assessed.

The shorter length of the H TL, 2.7 miles opposed to the original 4.78 miles, necessitated 

a major change in the signal system. The original signal system configuration was composed 

of a basic 3 block, direct current track circuit design. It utilized conventional, off-the-shelf 

signal components. Signal spacing on the H TL, however, prevented the proper function of 

this system as the block lengths would be so short, relative to the length of the train, that the 

locomotives would be continuously operating on a yellow approach. The signal system, which 

was solely used for broken rail protection and not block control of trains, was redesigned to 

function only as a broken rail detector.

A s a result of the revised system, the outside and inside rail of the loop was fully insulated 

from each other, and each rail became its own independent signal loop. One master insulated 

joint was installed at a location on the outside and inside rail. Independent power supplies
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feed each circuit, with each loop of rail becoming its own continuity check circuit. Due to the 

short blocks, only a red (stop) or green (proceed) indication is now given. By using switch 

control boxes and additional insulated joints at turnouts, signals will also display red if a switch 

is thrown for an incorrect route. This revised signal system has been successful in detecting 

broken rails, joints, and improperly aligned turnouts.

Another variation initiated with the start of the H T L  was to lubricate only the outside 

rail o f the loop. Previous tests were conducted by alternating operating periods o f lubricated 

rail (both rails) and dry rail. Typically 40 M G T  of lubricated operation was followed by 10 

to 15 M G T  of dry rail, with this sequence repeated over a number of cycles. The new rail 

fatigue test required a long term (150 or more M G T) period of fully lubricated rail, without 

extended dry operation. Such a long lubricated test period would have prohibited the testing 

and evaluation of rail in the dry mode.

By only lubricating the outside rail, and leaving the inside rail dry, the one reverse curve 

(Section 7) on the H T L  would have a dry gage face and offer a site for evaluating dry wear 

characteristics (Figure 3). As the train was turned end-for-end on a  scheduled basis (but 

operated only in the counterclockwise direction), some contamination o f the inside rail was 

observed immediately after train turning, but rapidly disappeared.
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In July 1986, a major derailment occurred with the F A S T  train when the inside rail, 

after the exiting spiral in Section 25, overturned. Although track in this area was visibly in 

good condition, subsequent measurements located several pockets of weak gage restraint. A  

number of tests were conducted to determine the cause of the rail overturning. It was 

determined that under extreme differentials o f high rail to low rail lubrication (high rail over 

lubricated, low rail extremely dry) a high truck turning moment could be obtained especially 

with locomotives in traction. It was suggested that this high moment accelerated the fatigue 

o f wood tie fastener support near the derailment area, until rail rollover occurred. Results 

o f this study are reported in A A R  report R-712, "Effect of Track Lubrication on G age 

Spreading Forces and Deflections," by K. J. Laine and N. G. Wilson, August 1989.

To eliminate, or at least reduce high differences of lubricant effectiveness between high 

and low rails without severely impacting the rail wear test, a very small amount o f lubrication 

was required on top of both the high and low rails. Since the high (outside) rail of the loop 

was already lubricated, it was decided to place a small amount of contamination on top o f the 

low (inside) rail o f the loop. This was accomplished by installing some modified Fuji roller 

lubricators on cars kept near the end of the train. These lubricators were configured to 

lubricate the wheel tread (N O T T H E  F L A N G E ) with a very small amount of lubricant.

As an added safety check, gage widening "tell tales" were installed at a number of 

locations around the F A ST /H T L  loop (Figure 4). The tell tale is a small spring loaded device 

that provides an indication of maximum gage widening at that location due to the action from 

a passing train. The track inspectors at F A S T  routinely monitor these devices and check to 

see if  excessive gage widening is occurring. This provides a safety check and gives advance 

notice if impending loss of gage holding ability is occurring.
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Figure 4. Tell Tale Installed on the H TL

Background and Need for the HAL Test Program

The completion of the 33-ton axle load (100-ton car) phase of the H T L  occurred March 28, 

1988. A  total of 160 M G T  was operated in the H T L  configuration, while those parts of the 

H T L  that utilized the original F A S T  loop had a total of 1023 M G T.

Up until this time the F A S T  consist was made up entirely of 100-ton-capacity cars, which 

resulted in a weight on rail of 263,000 pounds per car. Occasionally a few 89-foot flatcars, 

tank cars, and other less than 100-ton capacity cars were operated for special tests. The 

100-ton car, as it is commonly referred to, has an axle load of 33 tons. The standard for such 

equipment includes 36-inch diameter wheels, 6 1/2 by 11-inch wheel bearings and a truck 

wheel base o f 5 feet 6 inches (see Figure 5); this is the maximum weight on rail that is currently 

accepted for unrestricted interchange of equipment in North America.
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Figure 5. Typical 100-ton Capacity C ar

The industry Vehicle Track Systems (VTS) group became involved with H A L  testing 

in 1988. Under V TS direction experiment plans were revised to incorporate current industry 

concerns. The F A ST  Steering Committee recommended that the operation o f the H T L  

continue, but that the train weight be increased to a 39-ton axle load. The purpose of the 

continuation would be to document the effect of heavier cars on existing track structures since 

some do exist and operate daily in North America. Examples include the Detroit Edison coal 

train, which consists of 125-ton-capacity equipment. These cars have larger wheels (38" 

diameter), larger bearings (7" X  12") and a longer truck wheel base (6’), as shown in Figure 

6 a and 6b. Table 1 summarizes the differences between 100- and 125-ton-capacity cars.
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Figure 6a. Typical 125-ton Capacity Open Top Gondola
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T able 1. D ifferences betw een 100- an d  125-ton C apacity C ars

COMMON NAME ACTUAL CONFIGURATION

100-ton  car 100 tons o f  lading

31.5 tons o f  em pty car w eight

131.5 tons o n  the rail

263 .000  lbs on  the rail

33 .000  lbs per w h ee l (33 kips) 

36" d iam eter w h eel

(33 -ton  axle load)

125-ton car 124.5 tons o f  lading

33 tons o f  em pty car w eight

157.5 tons on  the rail

315 .000  lbs o n  the rail

39 .000  lbs p er w h ee l (39 kips) 

38" d iam eter w h eel

(39-ton  axle load

W here heavier axle load  cars are already in  operation, they are n o t the so le  traffic over 

a  line. For this reason  it is im possib le to  determ ine th e  exact dam age factor that th e  heavier  

car load  applies to  the track. M aintenance prediction , for lines that m ay so o n  se e  a  large 

am ount o f  th ese  heavier cars, is therefore difficult to  determ ine. Thus, in  order to  obtain  a  

better understanding about such degradation and w ear rates, and fin e tune track degradation  

and perform ance m odels, it  w as decid ed  to  op erate  th e  H T L  using a  heavier car.

T he H eavy  A xle  L oad (H A L ) testing program  w as in itiated  in  1988. U p  un til this point 

in  tim e, all F A S T  operations w ere funded  so lely  by the F R A . For th e first tim e in  the history 

o f the F A ST  program , funding for train operation  u se  and data co llection  w as supplied  from  

both  F R A  and A A R  funds. G uidelines for experim ental goals w ere established  as follows:

•  U tilizing  125-ton equipm ent, rep eat as near a p ossib le  th e basic experim ents 

conducted w ith  100-ton equipm ent during th e  final 160 M G T  o f the H T L .
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•  T h e only m ajor variable w as to  be that o f increasing th e axle load; thus car type, 

train sp eed  and configuration, and track layout w ould  rem ain  the sam e.

•  D ata  w ould  b e  co llected  to  determ ine the effect, i f  any, o n  increasing the axle  

load.

•  D ata  w ould  a lso  b e  co llected  to  assist in validating existing track perform ance  

and deterioration  m odels.

H AL T EST  SC H E D U L E  A N D  PARAM ETERS

H A L  experim ent plans w ere  prepared after reviewing the results o f  th e 160 M G T  o f 100-ton  

traffic on  the H T L . M inor changes w ere m ade w here results ind icated  a change in  test 

procedures w as n eed ed , or w here direct back-to-back com parisons could  not b e  m ade. In  

som e cases, w here com parative data was simply not available, n ew  test plans w ere drawn up.

Track rebuilding efforts began  in April 1988, and a com p leted  loop  w as m ade available  

for testing in  early July. T h e track loop  for the H A L  T est w as essentia lly  the sam e as that for  

th e 33-ton  axle load  (H T L ) period, with the exception o f  adding a "by-pass track" (F igure 7). 

T h e loop  w as divided in to  test zones, which w ere identified  by num bers.

F igure 7. M ap o f  H T L  w ith B y-Pass Track Added a t S tart o f  H AL O perations
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T he by-pass track, or siding, provided additional operating configurations and testing  

opportunities. T he primary purpose o f  the by-pass w as to  perm it operation  over turnouts in  

both  the straight-through and diverging route directions. F A S T  sch ed u les ca lled  for 20  percent 

to  30 percent o f  the traffic to  operate over the by-pass, thus applying tonnage to  diverging  

route turnout com ponents.

A n  added benefit to  this type o f  operation w as that it a llow ed  track experim ents that 

required sm all but controlled dosages o f  traffic b etw een  m easurem ent and inspection  cycles 

to  b e  conducted. It was possib le to operate as little  as on e  train or as m uch as on e  fu ll shift 

(0.01 to  1.35 M G T ) during any g iven  shift over the by-pass, thus affording selected  track  

experim ents controlled  increm ents o f  tonnage b etw een  inspection  periods.

A fter track rebuilding efforts w ere com pleted  in  A ugust 1988, train operation  began  

im m ediately. Sm all increm ents o f  M G T  accum ulation required by th e B allast T est, located  

on  the m ain loop , resulted in  low  M G T  accum ulation rates during the first m onth. R apid  

accum ulation o f  tonnage began  in O ctober 1988, with the first 15 M G T  o f  the H A L  program  

operating in  a dry, no lubrication m ode.

T he initial dry m od e was operated  for several reasons:

•  T o obtain early dry w ear-rate data for "quick look" purposes

•  T o break-in rail and w h eel profiles to a  "worn" shape

•  T o provide a conform al w orn ra il/w h ee l profile on  se lec ted  test rails for rail 

fatigue inform ation

T he 15 M G T  dry m ode w as com pleted  in  January 1989. B y design, a  large am ount o f  

test rail was replaced to  allow  installation o f  "lubricated only" rail in  support o f  fatigue testing. 

A t th e sam e tim e, a  large am ount o f  transition rail w as rep laced  due to  excessive w ear observed  

during the dry operation.

Fully lubricated operation w as in itiated in  M arch 1989, and continued until an additional 

135 M G T  was applied on  A pril 20, 1990. D uring this period  a num ber o f  interim  

m easurem ents, m inor rebuilds, and th e rep lacem ent o f  a  m ajor turnout occurred. A  total o f  

160 M G T  o f H A L  (39-ton) traffic w as applied to  the loop.

H AL Track D escription

A  detailed  description o f  the H A L  loop , initial experim ents and an overview  o f  train operation  

are contained in A ppendix B. R efer  to  this section  for d eta iled  descriptions o f  track sections, 

experim ents, m easurem ents and other item s.
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FA ST /H A L  TRAIN M A K E U P/O PE R A T IO N

T he H A L  train consists a lm ost entirely o f  39-ton axle load  cars, as deta iled  above. Train  

length varied from  60 to  over 75 H A L  cars, w ith the addition o f  up to  five standard 33-ton  

axle load  (100-ton  capacity) cars for m echanical test purposes. T h e 33-ton  axle load  cars w ere  

included for w h eel w ear control m easurem ents and carried know n d efective bearings in  

support o f  m echanical tests.

U nd er norm al conditions, four or five 4-axle locom otives (B -B  truck configuration) w ere  

used to pull the consist; an exam ple is shown in Figure 8 .

Figure 8. Typical HAL Train in  O peration

T hese  usually consisted  o f  E M D  G P38 and G P40, and G E  U 30B  locom otives loan ed  to  

the FA ST  program  by A A R  m em bers. O n occasion, due to  locom otive  m ain tenance  

requirem ents, a  rental or T T C  locom otive was used to ensure adequate horsepow er. Six axle  

(C -C ) locom otives w ere  used  in the consist only during special test runs or as a  w ork train. 

Train speed , after the initial "check-out lap" was held 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 that at 40 m ph a 2-inch underbalance condition
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occurred; that is, the high rail w as load ed  m ore than the low  rail. T h e 5-d egree  curves w ere  

built w ith  4 inches o f  superelevation , w h ile  the 6-degree curve w as bu ilt w ith  5 inches o f  

superelevation . A ll e levation  w as run-out w ithin the length o f  the 300-foot spirals.

M ost train operation during th e H A L  testing occurred during early m orning, third shift 

hours. G enerally  train operation w as started at or near m idnight and continued until 8 to  9 

a.m ., un less a  broken rail or other d efect required an earlier stop. T h e night operation  was 

conducted  for tw o major reasons:

1. R ail Tem perature: D u e  to  the short loop  and 40 m ph operation , th e tim e b etw een  

last car and locom otive passage for the next lap w as about 2 1 / 4  m inutes. T he  

rail did not have sufficient tim e to  cool, and daytim e rail tem peratures o f  over  

160 degrees Fahrenheit had b e e n  recorded. This led  to  som e track instabilities, 

buckles, and other problem s. N ight operation, w ithout the added  heat load  o f  

the sun, elim inated m ost track instability problem s.

2. Track T im e for M aintenance Crews: A s w ill be discussed later in  this docum ent 

and in  the track m ain tenance section , spot and "housekeeping" m aintenance  

requirem ents soared during th e H A L  T est as com pared to  th e conventional axle 

load period. T he night operation  allow ed daily access to  the track in  support o f  

m aintenance functions.

D uring a typical eight hour shift, 100 to 120 laps could b e  accum ulated; how ever, due to  

a significant problem  with broken w elds, m any lap counts ranged b e tw een  65 to  90, and on  

occasion  even  less. This translates to  about 0.6 to  1.35 M G T  per eight hour shift, depending  

on  train length. Train m ileage, for a 65 to  120 lap shift, w ould  range from  175 to  325 m iles.

A ll cars w ere inspected every third shift o f  full operation, or w ith in  a 500  to  700 m ile  

interval. L ocom otive m aintenance fo llow ed  standard railroad daily, and 30- and 90-day  

inspection  cycles.

D eta ils  o f  HAL Train O peration, L ubrication A pplication and C ontrol:

A s stated previously, train d irection  w as primarily counterclockw ise, w ith  the follow ing  

exception:

A fter every 3 M G T  o f operation  ( + / - 1  M G T ), the w ayside lubricators w ere turned

o ff  and the pow er run around th e  loop  to  the rear o f  the train. T h en  up to  30  laps
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(n o  m ore than 0.35 M G T ) w ere operated in a reverse (c lockw ise) d irection  with

no  lubrication added  to  the track. T he clockw ise dry-down operation  served tw o

purposes:

1. It rem oved excess lubricant from  top o f the rail to  aid in  u ltrasonic inspections

2. It provided b each  marks (growth rings) which are used  to  m onitor and track the  

in itiation  and grow th o f  internal rail defects, esp ecia lly  shells  and transverse 

defects

A fter  com pletion  o f  th e ultrasonic rail inspection, generally  every 3 M G T , the train w as  

turned end-for-end, and reset for a counterclockw ise operation . U p o n  restarting train  

operation , the w ayside lubricators w ere reconnected and full lubrication  w as usually obtained  

w ith in  15 to  20  laps. T h e  m ain lubricator providing the basic lubrication  w as located  in  S ection  

24 (a  spiral) just b efore  the beginning o f  the 6-degree curve.

D uring periods o f  co ld  w eather, a  backup lubricator, loca ted  in  S ection  1 about halfway  

around the lo o p  from  th e m ain lubricator, w as used to  establish  and occasionally  m aintain  

required levels o f  lubrication (F igure 3).

Lubrication levels around the loop  w ere recorded using T T C ’s Lubricant L evel G age  

(o ften  dubbed the goop  gage). This device (Figure 9) is u sed  by the track inspector to  m onitor  

the v isib le  lev e l o f  lubricant on  the gage face o f the rail. A lthough  this device w ill in  no way  

determ ine lubrication effectiven ess, since the sam e lubricant w as u sed  at all tim es during both  

the 33- and 39-ton  axle load  tests, th e values recorded can b e  u sed  to  determ ine am ounts o f  

lubricant present.

T he norm al m axim um  lubricant level desired, as m easured  by the goop  gage, is a  + 1 0 . 

T h e rail at the beginn ing o f  the 6-degree curve, nearest the lubricator, had significantly m ore  

lubrication, a v e ra g in g + 2 0  t o +30 .
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Figure 9. TTC’s L ubricant Level G age (G oop G age)

Track Inspection Pol icy
T he F A S T /H T L  loop  is inspected  continuously during operations and after every 2  M G T  o f  

operation during daytim e periods.

During train operating periods for the H A L  T est, w hich generally  occurred at night, one  

track worker w as utilized  to  inspect and adjust th e lubricators. T he duty o f  the second track  

w orker was to constantly rove and lo o k  for any dam age to  th e track, change in  support 

conditions, broken com ponents or lo o se  bolts. By using road veh icles equipped w ith extra  

lights, this inspection w as carried on  continuously throughout the shift.

A dditional inform ation on  track conditions w as received  from  the onboard train crew. 

D u e  to  the short nature o f  the loop , the crew soon  learns the "feel" o f  the track and b ecom es  

aware o f  any changes. By u se o f  radio contact, the ground inspector can readily b e  directed  

to  a suspect area and ensure that an adequate track is being  operated  over.

T he night crew had access to  hand too ls and som e track m achinery, w hich allow ed them  

som e repair capability. In som e cases, such as a  field  w eld  failure, a  two-worker crew  w as 

insufficient to pull rail gaps together, and operation o f  the train w as suspended; how ever, m ost
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o f  the tim e m inor repairs could  b e  m ade and the train op eration  continued. Such repairs 

w ere m ade only in  areas w here experim ent plans allow ed, n o t w here support data or  

m easurem ents w ere n eed ed .

T he nighttim e track inspectors m onitored the entire loop , and, through inspection  logs, 

docum ented  areas that required im m ediate rem edial repair, as w e ll as areas o f  concern. Thus, 

item s such as heavily corrugated rail, w hich m ight be causing u n do  ballast dam age under train  

action, w ere noted  for d eta iled  daytim e inspection.

T he daytim e track inspectors w ould m ake a deta iled  inspection , on  foot, o f  the entire  

loop  every 3  M G T , in  conjunction with the ultrasonic in spection  cycle. T hey w ould  n o te  all 

item s requiring repair in  the follow ing categories: ( 1) fix im m ediately , and (2 ) sch ed u le for  

repair.

Item s such as m issing fasteners, clips, and bolts w ould b e  in  th e  "fix im m ediately" category. 

O ther long-term  planning item s like tie replacem ent need s and grinding requirem ents w ould  

b e in  the "schedule for repair" category.

T he track supervisor w ould  advise the experim ent m onitor o f  repairs n eed ed  in  test section  

areas, especia lly  if  such repairs m ight have dam aged or a ltered  m easurem ent sites. W hen  

required, pre- and post-m aintenance m easurem ents w ere ob tained  in  order to  quantify th e  

effect o f  the activity.

Track w as generally  allow ed to  degrade until it neared  th e  F R A  C lass 4  lim its. Such  

standards w ere m onitored  by the E M 80 track geom etry car (F igure 10) along with the above  

outlined v isua l/m an u al track inspection. In som e locations, w here  n o  test w as designated , 

the track inspectors and forem en  w ere free to  m aintain track b efore  C lass 4 lim its w ere m et, 

depending on  other w ork loads.
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Figure 10. E M 80 Track G eom etry C ar

Track geom etry car inspections are scheduled after ever 5 M G T  o f  operation  to  allow  

general m onitoring o f  changes to  gage, surface, line, and cross level. Extra inspections with  

th e  E M 80 car are scheduled b efore  and after specific m aintenance functions, such as surfacing  

and lining, w hen such activities are over specific test zones.

A n  im portant item  to note is that the track w as not a llow ed  to  degrade b e low  a level 

designated  safe. Proper m ain tenance w as always com pleted  so  that the track could sustain  

at lea st 1.3 M G T  o f additional traffic. B ecau se  o f  this, F A ST  m ay b e  defin ed  as being "over 

maintained," a policy enacted and fo llow ed  since 1976. O n a revenue railroad, a turnout frog, 

for exam ple, m ay b e  recorded as requiring grinding. Typically a  40  to  50  M G T  per year line  

m ay operate 10 to  20 train m oves during a 24-hour period b etw een  m ain tenance w indows. 

D eferring m aintenance in this exam ple by one, two, or even  three days generally  w ill not cause  

an unsafe condition or undo dam age to  the item .

H ow ever at FA ST, unless specia l conditions exist, one m ust p lan  for "worst case and best 

efficiency" train operations. T hus up  to  135 laps (or train p asses) o f  a  fully loaded  train,

12,500-ton, could be operated b efore  the next m aintenance w indow . W ith this in  m ind, w ith
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For this reason, a ll track degradation lim its m ust b e  sufficiently high to  a llow  for the  

anticipated extra degradation  that a  1.3 M G T  loading w ould apply at a  g iven  location . T o  

perm it this safety factor, certain item s w ere prem aturely m aintained  to  ensure that a  safe  

track structure w ould  b e  available for an entire operating shift. A ny com parison w ith other  

periods at F A S T  can b e  m ade w ith sim ilar track m aintenance lim its in  m ind. T h e  only change  

during the H A L  T est w as that, in  som e cases, the H A L  train caused  higher degradation rates  

at join ts and other anom alies. This higher rate required extra caution  w h en  determ ining how  

far defects should b e  allow ed  to  degrade before applying corrective m ain tenance efforts.

Interim  R eb u ild in g /N ew  T ests

D uring the course o f  th e  160 M G T  H A L  operation, a num ber o f  m inor changes to  the original 

test configuration w ere m ade. A s test com ponents w ore out or sufficient data w as obtained  

on  original item s, new  m aterials w ere placed in track.

A  gu ideline for p lacem en t o f  m ost track com ponents in  th e original H A L  T est w as that 

the item  w as already to  b e  in  general use by th e railroad industry. A s stated  in  the original 

H A L  goals, the purpose for th e initial H A L  T est was to  determ ine the e ffect o f  the H A L  train  

on track and train com ponents. W hile new  and experim ental com ponents w ere  not always 

restricted, the budget for H A L  dictated that the first priority w as to  evaluate th e e ffect o f  

heavier axle loads on  conventional track m aterials and structures.

M ajor test com ponents that w ere added to the original configuration included:

•  R ep lacem en t o f  the original A R E A  standard design  # 2 0  turnout w ith  a  state o f  

the art heavy duty turnout w ith the sam e overall A R E A  geom etry

•  A dd ition  o f  p ost ten sion ed  concrete ties

•  A dd ition  o f  concrete  ties designed for tangent track

•  A ddition  o f  A z o b e  hardw ood ties

•  Installation o f  a  Frog Casting Q uality T est zone

the frog grinding example described above, repairs would have been initiated for metal
removal in advance to ensure that damage to the frog from excessive lip formation did not
occur.
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T he follow -on test program , in  the form  o f at least a 100 M G T  extension , w ill p lace m ore  

em phasis on  new  and im proved m aterials that are designed to  better  w ithstand the effects o f  

the H A L  train environm ent.

G eneral O bservations after 160 M G T  of-Traffic

Experim ents w ere conducted under th e sam e conditions and constraints. T hese include the  

follow ing major considerations:

1. A ll traffic w as m ade up o f  load ed  cars and locom otives. N o  em pty or light 

cars w ere operated for any extended  period o f  tim e.

2. A ll trains w ere operated  at 40  m ph except for the first and last daily train  

pass, and w hen a slow  order (10 to  15 laps at 25 m ph) pass w as n eed ed  for  

testing purposes. A ll curves w ere elevated  for the sam e 2-inch superelevation  

cant deficiency condition.

3. N inety  percent o f  the traffic w as in on e d irection (counterclockw ise); 10 

percent w ent clockw ise. T his w as accom plished in  300  la p /3 0  lap increm ents.

4. A ll operation w as conducted  with the outside rail fully lubricated and the  

inside rail slightly contam inated  at all tim es. E very 3 M G T , dry-downs w ere  

conducted; how ever, som e trace o f  gage face lubrication rem ained  at all tim es, 

even  after the dry-down.

5. U nder norm al operating conditions, train brakes w ere n o t used. O ccasionally, 

w hen the signal system  d etected  a broken rail, a  standard 10 psi to  15 psi brake 

pipe reduction w as m ade to stop operation. O ther than that, air brakes w ere  

rarely used to control train speed .

6 . M ost equipm ent contained  Conventional design m echanical com ponents, w ith  

three-p iece trucks.

7. T he TTC  is located  in the high plains o f  C olorado w here natural m oisture is 

relatively low  ~  approxim ately 11.5 inches per year. Subgrade support 

conditions are alm ost idea l for track construction; firm, sandy, and

A-20 -



w ell-drained soil. T he winter season  generally  sees  little  in  the nature o f  

freeze /th a w  cycles. W inter snows usually evaporate in  on e  to  three days, w ith  

relatively little  m oisture seeping into the ground.

Com parisons b e tw een  160 M G T  o f 33-ton and 39-ton  experim ents w ere m ade w ith  the  

sam e gross tonnage applied . For com parison purposes, all track related  data is tied  in to  this 

n et applied  load. A s th e  axle loads w ere different for the tw o periods, a  different num ber o f  

cyclic loadings occurred to  obtain  the sam e applied tonnage. T h e 39-ton  axle load  period  had  

approxim ately 16 percent few er loading cycles for the sam e 160 M G T  period  as the 33-ton  

axle load  test configuration (T able 2).

Table 2. D ifferences in  C yclic Loading for 33- and 39-ton A xle L oad P eriods w ith  the Sam e
N et 160 M G T on the Track

33-T O N  A X L E  L O A D  T EST 39-T O N  A X L E  L O A D  T E ST

15,850 Trains 13,370 Trains

4,820,000 R ail L oading Cycles 4,065,000 R ail L oading Cycles

114 M illion  T ons o f  Lading H auled 120 M illion  T ons o f  

L ading H auled

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 ajor Item s Show ing Sign ificant Im pact during the HAL Period

Q uality control o f  m aintenance activities b ecam e even  m ore im portant at F A S T  during the  

H A L  period. T he higher axle load  caused  even  m inor deviations and anom alies to  degrade  

at a  rate faster than before, thus w orkm anship during repair cycles w as critical.

Track m aintenance item s could n ot b e  deferred to  the extent perm issib le under the lighter  

load . E ven  sm all anom alies w ould  o ften  grow  rapidly, w hen  le ft to  b e  repaired by the next 

shift.

A ll track w ork required careful b lend ing and transition into  adjacent areas. Sudden  

transitions m ust b e  avoided to  prevent introducing bou nce m od es in  veh ic les, w hich could  

in itia te  additional degradation at oth er locations. U n iform  support conditions, with little  or 

no change in resulting track geom etry, afforded the low est track m ain tenance effort.

T he surface condition o f  the rail b ecam e even  m ore critical. Joint batter, w elds and 

m echanical joints, (Figure 11), and rail corrugations (F igure 12) occurred m ore o ften  and 

grew  m ore rapidly under the H A L  program . M etal flow  at rail ends and frogs required  

significantly m ore m aintenance effort th an  before.

F ie ld  w eld  failures (Figure 13) p layed  an im portant part in  th e effic iency  o f  operation  

during the H A L  T est. Frequent failures, w hich w ere not observed during the 33-ton  phase, 

resu lted  in a  significant im pact to  train operations. T he n eed  for im proved quality control 

during the w elding process as w ell as im proved w elding techniques and m aterials to  w ithstand  

th e  heavier axle loads w as noted . T he standard m ix content o f  m ost fie ld  w elds o ften  lead  to  

excessive batter, especially  w hen  used  on  300 B rinell hardness (B hn) and heat treated rails 

o f  standard chemistry.

A-22



Figure 11. Topical W elded R ail Jo in t B atter

Figure 12. T ypical C orrugations
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Figure 13. T ypical B roken F ield  W eld

U nd er the H A L  train operation, turnouts w ere second  to field  w eld  failures in  the area  

o f  increased  track m aintenance. A s w ith  conventional fie ld  w eld  m aterial, standard rail and  

frog com ponents exhibited the shortest life  and highest am ount o f  m ain tenance and repair 

(F igure 14). O verall, turnouts required a significant increase in  spot m ain tenance, grinding, 

and buildup requirem ents.
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Figure 14. Typical W orn Frog C om ponents

T he overall track m aintenance effort increased, with the fo llow ing areas show ing the  

highest dem and.

1. O ut o f  face  grinding for corrugation control

2. Increased  w eld ing requirem ents

3. Im m ediate  attention required for spot surfacing needs

4. Increased  failure rate o f  field  w elds

In general, corrugations on  tangent track, especially  w here standard rail w as in  p lace, 

b ecam e very com m on  during the H A L  Test. T he increase in  dynam ic loads, due to  vibrations, 

often  required additional spot m aintenance in these areas.
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T h e heavier car em phasized problem s using the lighter axle load  geom etry  car. Low  

spots and pum ping track areas, observed under traffic by th e track inspectors, w ould  not always 

show  up as full depth defects on  track geom etry  car inspection  reports. T h e  u se  o f  heavier  

geom etry cars or heavier axle loads on  geom etry  m easuring equipm ent m ay elim in ate this 

anom aly.

M any areas o f  the H T L  w ere not totally  rebuilt b efore  starting the H A L  train operation. 

In such areas, for exam ple, w here w ood  ties rem ained  in p lace  from  the previous test period, 

m ore rapid tie  degradation and higher rep lacem en t requirem ents than during a sim ilar period  

w ith the lighter axle load  w ere noted . Track inspectors had a m ore difficult tim e determ ining  

rem aining tie life  during the H A L  train period , as th e w ood  tie ’s ability to  hold  gage appeared  

to  decline m ore rapidly, and with less v isual indication. H id d en  defects in  th e ties ten d ed  to  

degrade m ore rapidly, and with less visual warning, necessitating the rep lacem ent o f  m ore  

ties during cyclic renew als to ensure a safe  operation .

T h e above observations are b ased  on  areas w here back-to-back com parisons b etw een  

33- and 39-ton axle load  data is available. A  num ber o f  other test results from  th e 39-ton  axle 

load  phase include: localized  cracking o f  se lec ted  concrete ties, early rep lacem ent o f  a 

standard turnout, and failure o f  on e  w ood  tie  fasten ing system . R esults from  th ese  tests cannot 

b e com pared to  equivalent results under 33-ton  axle loads at F A ST  sim ply b ecau se  they w ere  

not under controlled  tests during the H T L  com parison  phase.

T h ese  and other results w ere presen ted  at th e W orkshop on  H eavy A xle  L oads, Pueblo, 

C olorado, O ctober 16-17,1990.

OVERALL TRACK M AINTENANCE IM PACT

U n d er the conditions o f  the F A S T  loop , th e  percentage o f  daily "spot" or "housekeeping"  

track m aintenance effort increased significantly w hen  com pared to  the axle load  increase. 

Labor hours increased over 60 percent com pared to  an axle load  increase o f  20  percent.

T h e increase in  spot m aintenance requirem ents w as determ ined by co llecting  records 

o f all daily track m aintenance activities recorded by fie ld  personnel. E ach  "routine" 

m aintenance requirem ent, that is, an  activity not associated  with special requests due to  

experim ent objectives, w as assigned a  standard labor hour rate. For exam ple, each  tim e a 

low  jo in t required tam ping a standard rate o f  0.5 labor hours w as applied  w h ile  to  repair a
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broken w eld  a standard rate o f  16 labor hours per occurrence w as applied. A lso  excluded  

w ere major com p on en t changeout efforts, such as major rail rep lacem ents due to  w ear, new  

test com pon en t installations, and other "capital improvement" work.

B y elim inating th e special request m aintenance item s, such as rep lacem ent o f  a  w eld  

due to  laboratory analysis requirem ents, only those m ain tenance activities directly associated  

w ith track degradation  w ere m onitored. T he use o f  standard labor hour rates for each  activity  

also  elim in ated  m any o f  the inherent "unique" situations found at FA ST . A t F A S T  m any  

m aintenance activities require special care due to  adjacent instrum entation, th e  n eed  for pre- 

and post-m easurem ents, and position  o f  special test m aterials. U se  o f  the standard labor hour  

rates perm its the tota l m aintenance dem and to  b e  norm alized  for com parison purposes.

T h e test lo o p  w as subjected to  a num ber o f  changes during the course o f  the 33 - and  

39-ton  axle load  experim ents. B oth experim ents, how ever, started out w ith  track in  

approxim ately th e  sam e condition and with sim ilar m aterials. A s tonnage w as applied , track  

m aterials w ere changed  and new  test m aterials installed, thus m aking direct com parisons m ore  

difficult as th e program s progressed. D u e  to  th ese  changes com parisons after th e initial 85  

M G T  are unreliab le.

F igure 15 ind icates the cum ulative labor hours o f  effort for the fo llow ing basic track  

m aintenance categories: jo in t m aintenance, rail m aintenance, surface and lin ing operations, 

turnout m ain tenance, and m iscellaneous. A  total effort in  labor hours is a lso  show n. T h ese  

values represent the total num ber o f  standardized labor hours for each  m ain tenance category  

required to  k eep  th e track in the sam e general condition  for th e initial 85 M G T  o f  each  test 

train period.
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Figure 15. Breakdown o f  T rack M aintenance Effort

Figure 16 shows the cum ulative labor hour m aintenance data by M G T  for each  test train 

period . For reference, the total labor hours for the 3-ton  axle load  test are show n beyond  the  

85 M G T  base com parison period. D ata  beyond the initial 85 M G T  baselin e  is show n for the  

39-ton  axle load  test period. Labor hour m aintenance totals continued at about the sam e rate 

per M G T  as tonnage w as accum ulated to  100 M G T.
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V

L A B O R -H O U R S

Figure 16. Track M aintenance Effort as a F unction  o f  T onnage

T h e d ifference in  cum ulative labor hours after 85 M G T  b etw een  33- and 39-ton  axle  

load  test periods indicates a 72 percent increase due to  the heavier axle load . C aution  m ust 

b e used  in  interpreting this data, as a significant error band in  the tota l figures d oes exist. 

T h ese  labor hours represent spot m aintenance dem and, and as such is o ften  d ep en d en t on  

the d iscretion  o f  the fie ld  track supervisor. T he data does not represent long-term  rep lacem ent 

dem and, such as out o f  face tie renewal, ballast work, or other capital investm ent related  

activities. T h e spot m aintenance efforts represent com parison o f  activities n e e d e d  to  k eep  

sim ilar track at the sam e general geom etry level during tw o periods o f  axle loads.

T h e long-term  effects o f  rail wear, ballast work, w ood  and concrete tie  life , fastener life  

and other capital in tensive efforts have not b een  fully developed , but as th e inform ation  and  

data trends ind icate, the effect is not nearly as dramatic as the 72-percent increase in spot 

m aintenance dem and.
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•  A n  increase in  the attention to track m ain tenance detail and quality o f  w ork is 

required.

•  Im proved uniform ity o f  w ork in  b lend ing repairs into the adjacent existing track  

structure w ill reduce non-uniform  and im pact loads.

•  A reas o f  high im pact forces, such as at frogs and w ith in  turnouts, require prem ium  

m aterials to  withstand repeated  loads

•  W here prem ium  m aterials are not used , such as in  existing track that is to  b e  

subjected to  a high percentage o f  increased axle loads, faster capital rep lacem ent  

w ill occur

Results at F AST 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:

A reas o f  Track R equiring Im provem ent

A  num ber o f  basic areas o f  im provem ent have b e e n  identified  for future evaluations. T hese  

are areas that could  w ithstand the increased axle loads but required a disproportionately  

higher level o f  m aintenance, based  on  F A S T  experience.

In areas w here continuously w elded  rail (C W R ) is utilized, w hich is the case  in  the  

majority o f heavy m ainline in N orth A m erica, tw o m ajor areas o f  im provem ent w ere  identified:

1. T he perform ance o f  field  and shop w elds declined  significantly under the H A L  

train. In  all cases w eld  batter m ust b e  reduced  to  low er the degradation o f  ballast 

and ultim ately surface and lining dem ands. In the case o f  therm ite type fie ld  w elds  

the failure rate as w ell as batter rate w as observed  to  b e  unacceptably high.

2. W here fie ld  w elds are not practical or possib le , such as at insulated jo in ts or 

em ergency plug repair sites, joint m ain tenance b ecom es critical. E m ergency b o lted  

plugs require im m ediate rep lacem ent w ith fie ld  w elds w hen possib le.
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In areas w here jo in ted  rail is in  p lace, early rep lacem ent w ith  C W R  is very desirable. 

W here com p lete  rep lacem ent o f  jo in ted  rail is not possib le, or w here program m ed upgrades 

to  an existing secondary lin e  require operation over jo in ted  track for a  period  o f  tim e, the  

F A S T  experience suggests the following:

•  E lim in ate jo in ted  rail on  curves. T he few  areas on  F A S T  w here jo in ted  rail existed  

on  curves resu lted  in significant track geom etry degradation and high m aintenance.

•  In  areas w here jo in ted  rail exists, repair o f  bent rail ends and lo o se  fitting or w orn  

bars m ust b e  com pleted  im m ediately. Ballast m em ory w as a  h igher prob lem  under  

th e H A L  train than in  previous F A S T  operations.

•  R ep ea ted  tam ping o f  joints, especially  w ith certain ballasts that tend ed  to  b eco m e  

rounded w ith  degradation, is ineffective. R epair o f  the rail surface prob lem  (bent 

rail ends or joint bars) w as required before a joint m ain tenance prob lem  could b e  

reduced.

R a il quality has im proved over the last decade to w here standard rail o f 300  B hn is usual 

for m ost installations, and prem ium  rail o f  340 Bhn and higher is found on  m ost curves. 

C om parisons using 248  B hn rail as a  base are not directly applicable as m any railroads have  

already elim in ated  this older rail on  curves. T here are cases, how ever, w here older rail is still 

present on  tangents o f  m ain lin es arid careful inspection m ay b e  n eed ed  b efore  operating a  

significant am ount o f  H A L  type traffic. In the category o f  running surface m aterials, the  

fo llow ing areas o f  im provem ent are suggested:

•  F ie ld  inspections suggest that rail that corrugates easily  should  b e  e lim in ated  or 

it w ill require increased  out-of-face grinding m aintenance. C orrugations on  

tangent track b ecam e com m on on  the FA ST  loop  in areas w here  o lder  rail (less  

than 300  B hn) w as utilized. E ven where 300 B hn rail w as used  in  tangents, 

corrugations w ere noted; especially, in turnouts. T he requirem ent for prem ium  

rail in  tangents n eed s to  b e  investigated as a potential m eans o f  reducing grinding  

requirem ents.

A-31



•  In turnouts, top quality m aterials are desirable. O n F A ST , the use o f  non-prem ium  

m aterials w ill lead  to  early failure along with high m ain tenance and repair costs. 

R apid degradation w as noticed w here non-heat treated  rails w ere used  in  

com ponents such as frog w ing rails.

•  Im proved turnout geom etry and com ponent strength should b e  investigated to  

reduce spot m aintenance requirem ents.

•  O nce started, th e surface degradation leads to  a rapid degradation o f  other  

com ponents or adjacent areas, requiring spot m ain tenance activities to  b e  

scheduled on  a frequent basis.

T he item s sum m arized above dea l m ainly w ith the ability o f  m aterials and com ponents  

to  withstand the heavier load.

G eneral M aintenance P olicies o f  R ailroads in the D aily  and Cyclic Inspection , and the  

M aintenance D uties o f  Track Personnel

R esu lts o f  the F A S T /H A L  investigation point to  the fo llow ing areas w here im provem ents to  

th ese  duties w ould b e  benefic ia l w here a large num ber o f  H A L  type traffic is to  b e  operated:

•  Lower tolerance for deferred m aintenance w as noted . Sm all anom alies tend to  

degrade m uch faster under the H A L  environm ent, thus reducing the allow able  

tim e betw een  locating and repairing such defects.

•  Im proved m ethods o f  locating th ese  m inor defects w ill probably b e  n eeded , 

especially with autom ated track geom etry system s. T h e n eed  to  id en tify  sm all 

surface related defects, such as engine burns, low  join ts and other housekeep ing  

requirem ents is increased.

•  For long-term  m aintenance planning, w ood  tie  integrity m easurem ents are 

needed.

•  Finally, once the above item s are located , better too ls for spot m aintenance repairs 

m ay be needed. Spot work such as w elding, grinding, and tam ping o f  rail surface 

w ill take on  even  m ore im portance w ith H A L  traffic.
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T h e major thrust o f  the H A L  program  to  date has b e e n  to  docum ent the e ffect on  track  

com ponent w ear and track m aintenance requirem ents w ith increased  axle load. Track, o f  

course, does not degrade significantly by itself. T he veh ic les that operate over the rails are 

th e m ajor cause o f  this deterioration. T he present F A ST  consist w as se lected  for a num ber  

o f  reasons; how ever, th e  m ajor factor w as that the m echanical design  o f  car b od ies and trucks 

w ere very sim ilar to  that used  for the previous test periods. Thus, the only m ain  variable  

w ould  b e  the axle load, allow ing back-to-back com parisons b etw een  previous F A S T  tests w ith  

th e least num ber o f  input variables.

R ev iew  o f  the results to  date indicates that som e areas in  th e m echanical equipm ent 

side n eed  additional investigation, a long with long-term  research and developm ent. W ith the  

existing train, w hich is m ad e up o f  equipm ent designed and bu ilt in  th e la te  1960s, allow able  

defects in  com ponents, especia lly  the w heels, must b e  investigated  under direction  o f  the  

V eh ic le  Track System s C om m ittee. T hese include:

•  S ize o f  allow able w h eel flats

•  L im its o f  out o f  round w heels

•  L im its o f  a llow able surface defects, such as spalls and shells

T h ese  item s m ay lead  directly to  increases in dynam ic loads in to  the track structure, 

especia lly  at the rail and tie  level. Lim iting the allow able size  o f  such defects could  result in  

a significant increase in  the life  span o f  the rail, tie  and fastener. T h e extent to  w hich th ese  

loads are transferred to  various com ponents in the track structure is not fully docum ented; 

how ever, additional investigations are planned.

A lternative car and suspension designs also need  to  b e  investigated. By reducing the  

im pact and dynam ic loads into the track structure, life o f  track com ponents could b e  increased. 

A reas in m echanical design  that n eed  to b e  investigated include:

•  E valuate the effect o f  reducing unsprung mass. W ith a  larger w h ee l d iam eter (and  

subsequent heavier w h eel m ass) the H A L  car is already at a  disadvantage, w hen  

com pared to  the conventional car. A dditional design w ork in  the suspension area  

m ay help  reduce this effect.

j

A-33



•  Prem ium  trucks, w hich not only  im prove curving perform ance but reduce vertical 

dynam ic forces, have b e e n  and should b e  evaluated.

•  T he effect o f  axle spacing, articulated cars and other designs should b e  investigated.

T he existing H A L  train applies vertical loads at specified  truck and car axle  

spacings, w hich are different than that o f  "double stack" and other alternate car 

designs.

Sum m ary o f  L im itations

T he future investigations, for both  track and m echanical com ponents, are based  on  the results  

from  the existing F A ST  loop  configuration, train operating p o licies, track m ain tenance  

standards and equipm ent designs. T he results m ust b e  review ed w ith  som e specific  lim itations  

in  m ind. T hese w ere stated  in deta il during the introduction section , and apply to  a ll F A S T  

test results to  date. L im itations o f  th e  current test suggest changes that m ay b e  included in  

future test programs. T h ese  include:

•  V ariable speeds, w ith resulting different overbalance and underbalance conditions  

on  curves should b e  investigated.

•  Since the H A L  program  has b een  conducted w ith equipm ent m anufactured in  th e  

1960s, new  m echanical equipm ent technology, including suspension, truck design, 

and w heel spacing, w ill b e  evaluated.

•  Traffic mix o f  F A S T  is all loaded  traffic, w ith no light cars or em pties. T he  

percentage o f  H A L  traffic on  som e revenue lin es m ay n ot b e  a high percentage  

o f  the overall tonnage.

•  FA ST  produces a relatively m ild  environm ent for in-train forces. T h e effects o f  

heavy braking (air and dynam ic), and results from  train forces from  slack run in, 

grades and speed  changes have not b een  addressed. Such forces w ill play a role  

not only in m echanical com pon en t fatigue life, but in  forces that m ust b e  absorbed  

by the track structure as w ell.

•  T he dry clim ate at F A ST , coup led  with th e stiff subgrade, m ay have reduced  som e  

o f  the track degradation effects o f  the H A L  train. Future investigations w ill include  

a  "low m odulus support" track segm ent that is in tended  to  evaluate the effects that 

H A L  has on  track geom etry retention.
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FU T U R E

T h e results o f  th e 33- and 39-ton  axle load  experim ent have b een  presen ted  in  this docum ent. 

T he ongoing extension , w hich is utilizing the sam e train configuration and operating m odes, 

started in  la te  1990.

T his extension  is b e in g  operated  primarily to address som e o f  the specific  areas o f  track  

com ponents that ind icated  im m ediate im provem ent w as n eed ed . T w o m ajor areas in  this 

category include turnouts and fie ld  w elds. O ther test areas, such as fatigue o f  rail, grinding  

and ballast life, did n o t exhibit a  full life  cycle during the initial 160 M G T , and additional 

operations w ill b e  required to com plete experim ent objectives. Finally, the perform ance o f  

som e com ponents, a lthough adequate, could still b e  im proved. T h e insta llation  o f  a  full matrix  

o f  tests to  evaluate new  and im proved fastening systems, ties, rail and oth er track com ponents  

w ill a llow  the evaluation  o f  such item s to  continue.

Future F A S T /H A L  investigations will need  to incorporate advanced technology in  

m echanical equipm ent designs. T he program  goals w ill b e  to  m onitor th e effects o f  such  

equipm ent on  existing as w ell as other im proved track com ponents. T his w ill a llow  the  

engineering staff to  determ ine the effect that such designs w ill have, if  any, on  overall operating  

and m aintenance costs o f  a H eavy A xle Load system.
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D E SC R IP T IO N  O F EX PE R IM E N T S

B elo w  is a  sum m ary o f  the experim ents that 
have b e e n  im p lem en ted  to  m eet the objective  
o f  th e H A L  Program .

R a il Perform ance E xperim ent

T he R a il P erform ance Experim ent is on e  o f  
the m ajor tests currently being perform ed at 
F A ST . T h e  objective o f  this experim ent is to  
determ ine th e  effects o f  39-ton  axle loads on  
rail w ear, rail d efect occurrence and growth, 
corrugation occurrence, m etal flow, and w eld  
batter.

T his te st is concentrated  on  the high rail o f  
th e th ree m ain  curves o f  the H TL. T he  
lubrication  o f  th e outside rail dictates that 
fatigue tests occur in  Sections 25 and 3. R ail 
w ear testing  is perform ed in Section  7 due to  
th e dryness o f  th e high rail.

R ails o f  varying clean liness, chemistry, 
hardness, and profiles w ere installed  to  see  
how  they  affect th e test param eters. C lean­
lin ess pertains to  th e volum e and type o f  
inclusions in  the steel; chem istry refers to  the  
chem ical m ake-up o f  the steel. T he hardness 
o f  the rails varies from  269 B rinell (old  
standard practice) to 370 B rinell (in -line  
head  hardened  practice), and rail profile  
generally  pertains to  the crown radius o f  the 
rail head , Le., how  round or how  flat the rail 
head  is.

T hough m ost o f  th e rail w as new  at the  
beginn ing o f  the test, som e had previous 
exposure to  traffic. T his includes conditioned  
rails w ith  150 M G T  o f  33-ton axle load  
exposure and "dry break-in" rails w ith 15 
M G T  o f  non lubricated  39-ton  axle load  
exposure. A lso , som e o f  the new  rail installed  
w as th e  sam e type that w as tested  during the  
100-ton car test. T he 100-ton and the 125-ton  
test results on  this particular rail can and w ill 
b e  com pared w ith  each  other.

A  special rail gr in d in g /con d ition ed  rail 
experim ent is b ein g  perform ed in  S ection  25. 
This test consists o f  four test zones: (1 ) rail 
with 15 M G T  o f  dry 39-ton  axle load  expo­
sure, (2 ) rail w ith a p rofile  ground to  m atch  
a worn profile, (3 ) asym m etrically ground  
rail, and (4 ) ro lled  rail. T his test w ill b e  used  
to determ ine w hether rail fatigue life  can be  
im proved by conditioning th e  rail w ith  dry 
exposure, grinding th e profile  for "artificial 
wear," or grinding an asym m etrical rail pro­
file pattern to  alter th e w h e e l/r a il contact 
geom etry.

Tie and F astener E xperim ent

The objective o f  th e  T ie  and F astener  
E xperim ent is to  determ ine behavior and  
perform ance o f  concrete and w ood  ties, along  
with various types o f  rail fasteners in  a heavy  
axle environm ent. T h e experim ent includes  
three separate areas o f  investigation: (1) 
w ood tie and fastener perform ance, (2 ) gage  
restraint ability, and (3 ) concrete  tie  and  
fastener perform ance.

T est zon es are estab lished  in  the 5- and
6 -degree curves o f  the H T L . M easurem ents  
include track geom etry, fastener stiffness, tie  
plate cutting, visual in spections o f  concrete  
ties, and dynam ic rail loads and deflections.

T he data w ill b e  analyzed to  determ ine the  
behavior o f  the tie /fa s te n e r  system s as a 
function o f  traffic accum ulation  (M G T ) and  
com pared to  perform ance under th e 100-ton  
consist.

T he experim ent a lso  addresses th e ability o f  
w ood ties w ith cut spike fasteners to  m aintain  
gage.

M easurem ents o f  dynam ic lateral w h eel 
force and lateral rail d e flection  w ill b e  taken  
at various locations on  th e H T L  at various 
increm ents o f  M G T  accum ulation  to  char­
acterize the dynam ic perform ance o f  the  
various system s. T h e dynam ic vertical and 
lateral w h eel loading o f  th e  test zon es w ill 
also b e  characterized on  a regular basis.
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Early in  the 100-ton test, turnouts w ere  
evaluated for com ponent perform ance. A  
sim ilar experim ent is being  conducted during 
the H A L  phase w ith two # 2 0  turnouts.

T he experim ent w ill m easure the load  envi­
ronm ent, geom etry degradation, veh ic le  
response, and stiffness o f  the turnouts at 
specific levels o f  tonnage accum ulation.

T he by-pass track w ill perm it operation  on  
both  sides o f  the turnouts, w ith a m inim um  
o f  20  percent o f  the traffic on  the diverging  
side o f  the turnout. S ince the traffic on  the  
H T L  is primarily unidirectional, one turnout 
is exposed to  predom inantly facing point 
m ovem ents and the other to trailing point 
traffic. Load data is collected  through the  
turnouts using an instrum ented w h eel se t and  
rail m ounted strain-gage circuits. D ynam ic  
lateral, vertical, and longitudinal rail d eflec­
tions are taken at the point and h ee l o f  switch, 
and at the poin t o f  frog and guard rail area. 
V ertical and lateral track stiffness m easure­
m ents are taken at selected  points throughout 
the turnout.

A  test o f  new er design turnouts using m ove- 
able point frogs and concrete ties m ay b e  also  
b e im plem ented.

A s part o f the turnout and frog test, a  "frog 
farm" was recently installed  in  the tangent 
track o f  Section 22. T he five iso lated  frogs 
(frogs not in  turnouts) consist o f  three rail- 
bound m anganese and tw o E uropean  
designed frogs. T he objective o f  this test is 
to  com pare the perform ance characteristics 
o f  the frogs. C riteria include insert w ear rates 
and m aintenance tim e dem anded. T he  
inserts w ere radiographed prior to installa­
tion  to  determ ine inclusion and void content. 
T hese results w ill b e  used  in perform ance  
evaluations.

Turnouts and Frogs

T h e Track Irregularity E xperim ent is 
designed  to  determ ine track geom etry deg­
radation  at rail profile  irregularities such as 
battered  w elds and joints.

T h e affect o f  veh ic le  dynam ics, specifically  
roll and bou n ce m otions, on  track degrada­
tion  w ill b e  observed. T he key param eters 
b ein g  m easured  are applied  w h ee l loading as 
m easured  w ith  an instrum ented w h ee l se t and  
rail m ou nted  strain gage circuits, and track  
geom etry. Supporting data includes longi­
tudinal rail profile  and vertical track stiffness.

Track Irregularity

B alla st R esistan ce  C haracterization

T he B allast R esistance C haracterization  
T est w ill defin e  the rate at w hich track lateral 
resistance as provided by the ballast section  
is restored  w ith traffic, after disruption o f  the  
ballast section  by m aintenance.

B a lla st T est

A  com prehensive ballast experim ent com ­
pares perform ance o f  granite, lim estone, 
traprock, and d olom ite  ballasts, w ith  results 
obtained  during the 100-ton phase. A  test 
zon e  o f  each  ballast type is estab lished  on  a
5-d egree  curve, and varies in  length  from  570  
to  900 feet.

E ach  test zon e  contains approxim ately 8 
inches o f  sub-base m aterial b etw een  the  
subgrade and the ballast section , and a  b elow  
tie  ballast-depth o f  12-15 inches at th e low  
rail. Track geom etry, loaded  track profile, 
track settlem en t, sieve analysis, ballast den­
sity, and vertical track m odulus are m easured  
in  each  zone.

B allast degradation, track strength, and track  
geom etry are the param eters used  to  evaluate  
ballast perform ance as a  function o f  M G T  
accum ulation.
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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 o f 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 
100-ton comparison is not based on early 
F A S T  data, but on subgrade pressures and 
deflections acquired during the final months 
o f the 100-ton operation. This was done to 
obtain as closely as possible the same soil 
moisture and compaction levels between 
programs.

Subgrade Test

M echanical Components Performance

During the initial stages of the HALProgram, 
a wheel 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 
o f 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 bars 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 of 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 of 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 of approximately 2 
inches on the curves.

The train operates an average o f three days 
per week, with two days set aside for track 
maintenance, and car inspection and repair. 
A  typical day o f train operation produces 1 
M G T  of 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.

SUM M ARY AND D ESCR IPTIO N  
OF M EASUREM ENTS

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 of the rail head profile.

TRAIN OPERATION
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Two measurement devices are used to mea­
sure Brinell and surface hardness at several 
points at the top of 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 o f 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.

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 ST M  
C136 modified procedure.

Ballast Flakiness Indices

Classification of ballast particles having a 
thickness dimension less than 60 percent of 
nominal particle size.

Ballast Elongation Indices

Classification of ballast particles whose 
length is greater than 180 percent o f nomi­
nal particle size.

CIGGT 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.

Spike Pullout Resistance

A  load cell is used to measure the force 
needed to pull the spike from the tie.
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The top of rail elevation is measured under 
the wheel o f 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 ST 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 S T 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 of 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 Wheel 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 of 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 of 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  Profilometer and Snap Gage

A  CN  profilometer 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.

DESCRIPTION  O F H TL TR A CK  SEC­
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, Rail Performance and 
Tie and Fastener Experiments.

R ail performance measurements include 
gagepointwear, 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 Test.

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 o f 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.

Section 8 
300 ft. Spiral

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 o f uncased 12 inch and 36 
inch pipes buried under railroad track.
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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.
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Transition zone/available for testing.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.

Measurements include tie plate cutting and 
track geometry.

Section 32 
300 ft. Spiral

Section 33
517 ft. of Tangent Track

Location o f Ballast Resistance Character­
ization Experiment and Frog Casting Per­
formance Test.

Measurements include lateral ballast 
resistance as measured with the single tie 
push test.

Section 34
#20 Right Hand Turnout

Location o f Turnout Experiment.

Measurements include rail/wheel loads, 
dynamic rail deflections, lateral and vertical 
rail stiffness, and track geometry.

Section 22
715 ft. of Tangent Track

Location o f Ballast Resistance Character­
ization Experiments and Frog Farm Test.
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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 COLLECTION 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 of 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 ST  Program Manager at (719) 
584-0581.

SAFETY CONSIDERATIONS

High volume, high mileage train operation 
can be veiy informative, but must be con­
ducted safely. T o 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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APPENDIX C

Tables of Figures of M erit and Penalty Factors 

in Section 07 of the H TL
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Table Cl.
Section 07 Gage Face Wear Figure of Merit 

(Control Rail Wear Rate/Wear Rate)

Rail
Metallurgy

Original
Brinell

Hardness

33-Ton Axle 
Load Test 

Dry
Operation

39-Ton Axle 
Load Test 

Dry
Operation

33-Ton Axle 
Load Test 

Contaminated 
Operation

39-Ton Axle 
Load Test 

Contaminated 
Operation

Alloy HH (Off-Line) 360 - 1.8 1.9 1.4
CrMo 316 1.0 1 . 0 0.9 -
HH (Off-Line) 369 1.2 1.3 1.3 1.3
HH (In-Line) 362 1.1 1.4 1.5 1.4
HH (In-Line) 367 1.1 1.7 1.8 1.5
Standard (Control) 291 1 . 0 - 1 . 0 1 . 0

Alloy HH (In-Line) 380 1.3 1.7 2.4 1.6
Standard 283 1.6
HH (In-Line) 317 1.1
HH (Off-Line) 358 1.5
HH (In-Line) 370 1.8
Alloy HH (In-Line) 375 1.6
Standard 342 1.4
Standard 337 1.1
HH (In-Line) 364 1.3

Table C2.
Section 07 Gage Face Wear Penalty Factors 

(39-Ton Axle Load Wear Rate/33-Ton Axle Load Wear Rate)
Rail

Metallurgy
Brinell

Hardness
Dry

Operation
Contaminated

Operation

Alloy HH (Off-Line) 360 - 1.694
CrMo 316 1.272 -
HH (Off-Line) 369 1.146 1.295
HH (In-Line) 362 1.012 1.301
HH (In-Line) 367 0.846 1.452
Standard (Control) 291 - 1.245
Alloy HH (In-Line) 380 1.010 1.950
Standard 283
HH (In-Line) 317
HH (Off-Line) 358
HH (In-Line) 370
Alloy HH (In-Line) 375
Standard 342
Standard 337
HH (In-Line) 364
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Table C3.
Section 07 Head Height Loss Penalty Factors 

for Increasing Axle Loads
(39-Ton Axle Load Wear Rate/33-Ton Axle Load Wear Rate)

Rail Metallurgy Bhn
Dry

Operation
Contaminated

Operation

High Rail Low Rail High Rail Low Rail

Alloy HH (Off-Line) 360 1.7 1.1 1.8 0.9
CrMo 316 1.3 0.6 - -
HH (Off-Line) 369 2.3 0.4 1.9 1.1
HH (In-Line) 362 1.8 0.6 1.8 1.0
HH (In-Line) 367 3.2 1.1 1.9 1.4
Standard 291 - - 1.4 0.9
Alloy HH (In-Line) 380 3.3 0.3 1.8 0.7
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