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1.0 
INTRODUCTION AND OVERVIEW 

Since 1971, the Federal Railroad Administration (FRA), the Denver 
and Rio Grande Western Railroad (D&RGW), and the Bessemer and Lake 
Erie Railroad (B&LE) have engaged in a program involving a joint 
study of the application of track geometry data to maintenance-of
way planning. The objectives of this program are to develop 
methods that can produce quantitative track rating information, 
to develop measures of track quality changes, and to utilize these 
techniques to establish a mathematical basis for long-range track 
maintenance planning. 

Anticipated benefits of such a program for the railroad industry 
and the government include: 

• Improved information for long-range maintenance planning. 

• Improved control of certain maintenance-of-way budget 
allocations (cost to maintain track at a given set of 
standards can be computed better). 

• Establishment of quality control measures of track 
maintenance (which maintenance equipment or process 
produces a higher or a more permanent improvement in 
track quality). 

• Improved track safety through the application of auto
mated track geometry inspection. 

• Development of computer data processing programs to 
process data collected by track geometry cars and to 
display the results in user-oriented formats tailored 
for different management levels. 

• Provide the government with an opportunity for testing 
developmental track geometry measurement equipment in 
the railroad environment and for receiving railroad 
personnel evaluation of the data produced by this 
equipment. 
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In support of the above objectives, track geometry data collection 

runs have been made since 1971 on an annual basis (fall) on the 

D&RGW and on a semiannual basis (spring and fall) on the B&LE. 

The railroads have utilized the data collected during these test 

runs to make near-term track repairs and to plan certain long

range maintenance activities. In addition, D&RGW and B&LE per

sonnel have provided invaluable recommendations for the design of 

new track geometry measurement instrumentation, the development 

and modification of data processing programs, the generation of 

user oriented output formats, and the establishment of measures 

of track quality in support of the FRA track geometry measurement 

car program. 

The key to this program is the track geometry measurement car whi1~ 

FRA supplies as part of its contribution to the effort. The FRA, 

through its instrumentation and data collection contractor, ENSCO, 

Inc., supplies the measurement car personnel, computer programming 

capability to process the geometry data, computerized data reduction 

and report generation capabilities, and development of analytic 

techniques to evaluate track quality and the effects of various 

maintenance practices. The D&RGW and B&LE furnishes the locomotive 

power to move the measurement cars over their property, train crews, 

car maintenance facilities, track maintenance records, and opera

tional and maintenance-of-way expertise for application and eval

uation of track geometry data necessary for achieving the objectives 

of the program. 

It is estimated that periodically collected track geometry covering 

a minimum of 3 years is needed to complete the development of 

rating indices for the various parameters of track geometry and 

to gain practical experience with the use of these techniques in 

long-range maintenance planning. This includes development of 

specific computer programs and output formats, collection of his

torical data, application of the processed output in the railroad 

environment, evaluation of track measurement accuracy, and modifi

cation of existing and development of new instrumentation systems. 
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This development cycle is well underway for certain track geometry 
parameters (such as profile), but has not been started for other 

parameters (such as alignment). 

The introduction of automated track geometry exception data and 

rating values provides much additional information for the main

tenance-of-way officer. However, none of these data are designed 

to eliminate the track man or supervisor. The reports merely 
furnish more and better information to assist the track maintenance 

personnel in making better judgments. 

The railroads involved in this project are both using the FRA track 

car measurement data for immediate identification and correction 

of geometry exceptions, and each has also initiated selected 

maintenance planning applications. For example, the B&LE, because 
of the length of its line and working season and the time of year 
of the survey, is able to use certain data reports to plan short
range maintenance before the winter freeze. The D&RGW is surveyed 

once a year in the fall and uses the reports mainly to review the 

quality of its maintenance program, to monitor the annual degrada

tion of unworked track, and to help plan the next year's maintenance

of-way program. As a result, the geometry cars already produce 
data that is useful for a variety of planning purposes, in addition 

to exception identification. 

There are several types of track geometry measurement cars operat

ing in North America. In general, they measure the same basic 

parameters of track, although they do not necessarily use the same 

methods. This report is based on experience with the FRA Track 

Geometry Measurement Cars developed for the Northeast Corridor. 

Operation of the FRA measurement cars on the D&RGW is the same as 
that on the B&LE, except that a business car is added on the end 

of the train. A 6-channel strip chart recorder is mounted in the 
rear of the business car and the roadmaster or division engineer 

acts as a rear observer. On the B&LE, the 6-channel recorder is 
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mounted in the rear vestibule of the measurement car. Any measured 

defects in track geometry or rough spots felt in the car are marked 

on the strip chart which the roadmaster may take with him at the 

end of his territory. 

When the length of time between detection and repair is extended, 

as in planning large-scale maintenance programs, considerably more 

data must be analyzed. If the rate of track degradation is to be 

studied and comparisons of maintenance methods are to be made, all 

of the data must be examined and compared to previous surveys. 

This can be as many as 100 million individual data samples for one 

measurement run on the D&RGW. Electronic data processing and sta

tistical analysis are indispensable tools, and the application of 

these tools to track geometry data analysis has been the major 

goal of this project. Without clear, concise, and accurate 

methods of presenting this information, the planner is inundated 

with computer printouts. Several computer programs have been 

written under this effort to reduce the data to manageable size. 

All are useful, but none are perfect. 

Chapter 2 of this report describes the work that has been done in 

the project, the current uses of the data, and the future thrust 

of the study. The remaining chapters of this report are included 

as backup for Chapter 2. Chapter 3 summarizes and explains the 

different types of information reports which can be generated for 

maintenance-of-way personnel. Samples of the output formats are 

also included. 

Chapter 4 summarizes an extensive testing program that was conducted 

to validate the FRA track geometry measurement system. The tests 

were performed to establish the accuracy and repeatability of mea

surements made with the electronic measurement and digital computer 

data collection systems onboard the cars. The results are discussed 

along with a study designed to examine the relationship of track 

geometry generated ride quality indices to the riding quality of 

track. 
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Finally, Chapter 5 provides a brief description of the track geom
etry measurewent system installed onboard the FRA measurement cars. 
While this particular measurement system was used for this research 
effort, it is important to realize that other types of equipment 
could also be used. 
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2.0 
DEVELOPMENT OF TRACK MAINTENANCE PLANNING CAPABILITIES 

2.1 CHRONOLOGY 

In the late 1960's, the FRA developed and built track geometry 
measurement cars to monitor Northeast Corridor tracks. The cars 
were designed to measure track gage, profile, and crosslevel using 
noncontact capacitive sensors at speeds up to 150 mph. Initial 
operational experience indicated that valuable track exception in
formation could be provided to cooperating railroads through the 
analysis of strip chart recordings and computer printouts. 

In early 1971, the D&RGW, the B&LE, and the FRA entered into a 
long-term research effort to develop ways of utilizing track 
geometry data for maintenance-of-way planning, track degradation 
st·1dies, and track maintenance quality control evaluation. 

During the early track geometry development period, the strip chart 
recording was considered an important analysis tool, because it 
provided an integrated picture of the major track geometry measures. 
Figure 2-1 shows a portion of an 8-channel strip chart produced 
in real time on the FRA measurement cars. It shows nearly three
fourths of a mile of track. From the top, the profile of each 
rail, the short chord alignment of each rail, the crosslevel of 
the track, the track curvature, the track gage, and track location 
references are displayed. 

Figure 2-2 shows a location trace. Midtrack anomalies, such as 
road crossings, turnouts, location monuments, and even high ballast 
or weeds, are automatically sensed and accurately entered in the 
data stream by a detector located under the measurement car. Se
lected turnouts and road crossings have been established as reference 
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Figure 2-1. Typical 8-Channel Strip Chart Recording 

locations and have been programmed into the computer as reference 

stations. The B&LE is thus divided into nearly 100 track segments 

of from 2 to 8 miles in length for comparison purposes. For ex

ample, the end of double track at Carter is one of these and is 

coded as location 19; Pine Street crossing in Grove City is coded 

as location 20. Pine Street is 3.91 miles north of Carter. The 

D&RGW has been similarly divided into track segments; but, be

cause of the length of its lines, many more locations are required. 

Some of these are as much as 10 miles long where general track 

conditions permit homogeneous sections. By processing the data 

between adjacent locations, the same piece of track can be exam

ined for comparison of one measurement run with another. 
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In an effort to refine the data reporting techniques and to get 
away from reading squiggly lines on roll after roll of paper, an 
off-line gage exception program was developed. Figure 2-3 is an 
example. The initial program output was cumbersome since, as can 
be seen, it noted the beginning point of a defect, each change in 
the severity threshold (usually every 1/4 inch), the maximum value 
recorded, each descending change in threshold, and the end point. 
Often this could mean six to 12 lines for one defect, with the 
report running to several hundred pages. 

Figure 2-2. Example of Event Location Trace From 
8-channel Strip Chart Recording 

2-3 



WIDE GAGE EXCEPTIONS ACQUISITION 21031-1Nl PROCESSED 11/07172 PAGE 9 
LOC X62 STANDARDS 57.00 57.25* 57.50** 57.75••• ss.oo•••• 

MP FEET TRK/LOC MILE FEET GAGE 0/A DIST ALD COMMENTS EXC. INDEX AVG. GAGF 

o l3R 500 1 62 2 2176 57.02 START 
• 13~ 550 I 62 2 2198 s7.o9 r~AX 

• 13fl 550 I 62 2 2200 57.01 24 END A 57.03 

" 13R 600 1 62 2 2229 57.02 START 
.. 138 600 1 62 2 2234 57.14 MAX 
.. 131'1 600 1 62 2 2246 57.03 17 END 20 c 57.08 

* J)R 700 I 62 2 2374 57.02 2 1 57.02 

.. 13fl 900 1 62 2 2565 57.01 START 

N " 13R 1050 1 62 2 Z698 57.?6 .. 

I " 13R 1050 1 62 2 2700 57.33 .. MAX 

+:> " lJR !050 1 62 2 ;>705 57.25 .. 
.. 138 10">0 I 62 2 2717 57.01 152 END 123 57.07 

" lJR 1250 I 6Z 2 2881 57.10 START 
.. lJfl 1250 I 62 2 2881 57.}0 MAX 
" 13R 1250 1 62 2 2886 57.05 5 END 7 57.u8 

.. 1 ),'\ !250 1 6? 2 2913 57.08 START 

.. 13i\ 13">0 I 62 2 2993 57.35 • 

.. 13il 1350 1 62 2 3024 57.52 ... 

* lJR 1400 1 62 2 3036 57.81 ••• 
.. 138 1400 1 6?. 2 3036 57.A1 *** MAX 

" l:lH 1400 1 62 2 3036 57.A1 '"'* 
.. 1311 1400 I 62 2 3041 57.62 •• 
.. 138 1400 1 62 2 3048 57.34 .. 
.. l31l }800 l 6? 2 3466 57.06 553 END 1715 57.26 

" l3R 1900 I 6?. 2 3532 57.08 START 

" l3A 1900 1 6Z 2 3534 57.1 .. MAX 
.. 1 ),'l 1900 1 62 2 3539 57.05 7 END 12 '>7.10 

Figure 2-3. Original Off-line Gage Report 



The data contained in the strip chart can be partially read and 

understood. For example, a short, sharp dip in the profile trace 

is easily seen as a low rail joint. When the gage trace exceeds 

57.25 inches for the track or 57.50 inches for curved track, the 

roadmaster can visualize what he will find in the field. Changes 

1n the crosslevel or curvature traces may also have some meaning 

to the experienced eye, however. Except for the absolute value 

of a low joint in profile or a wide spot in gage, the interpreta-

tion of individual traces is a function of judgment and experience. 

Such defects as warp, even though requiring the reading of only 

one trace, become more difficult and time consuming to detect. 

Locating areas of rock and roll in profile or areas of significant 

mismatch 1n curvature and superelevation again is a difficult process. 

At the same time, a meaningful comparison of one strip chart trace 

with another is impractical. 

Computerized profile data exception reports were also under develop

ment at this time. Both profile and gage exception reports were 

designed to ignore good track and print out exceptions in digital 

form by location and severity. Figure 2-4 shows an early form of 

such a profile report. On the left are four columns which locate 

the defect. The first column designates the track being measured. 

The second column shows the code number of the last referenced 

location. The third and fourth columns show the distance in miles 

and feet from that location. Note that this figure is a one-page 

computer printout that covers 2-1/2 miles of track profile. 

Columns five through eight list the defects by rail as referenced 

to the cars, the overall length (or distance) of the defect from 

cutoff threshold to cutoff threshold, and a "fact" column. An X 

in this last column indicates that the defect is related to a road 

crossing or turnout. 

The cutoff threshold 1n this report was 3/8 inch low. More severe 

defects were flagged by stars, with one star indicating 1/2 inch 

low, two stars indicating 5/8 inch low, and so forth. The computer 
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P~OfiLE '.VALUATION ACQUISITION 111 08-2N4 PROCESSED 12/09/71 PAGE 9 
STANDARDS (IN\.HESl -.375 -.5oo• -.625•• -.750*** 

EXCEPTIONS - - LEFT - • SEGMENT SUMMARY ( \32~ fEET) • - RIGHT 
TRK/LOC MILE fEET LEfT RIGHT DIST fACT INDEX SLOPES MEAN VAR NO X SLOPES MEAN VAf'l 

1 13 2 3536 -.417 
1 13 2 3558 -.459 22 
1 13 2 3565 -.391 07 
1 13 2 3954 856 2 • 011 .oo58 1020 6 .016 .0083 

13 2 4025 -.377 
13 2 5274 981 3 .016 .0066 1210 6 .024 .0097 

13 3 1313 914 0 .o24 .oo48 1183 4 ·017 .0087 

1 13 3 1645 -.766*** 
1 13 3 1705 -.445 60 
1 13 3 1756 -.388 51 
1 13 3 2633 1054 4 ·013 .oo77 12136 11 ·020 oOl23 

13 3 3754 -.439 
13 3 305? 798 3 .016 .0044 1078 0 .OlA .0069 

1 13 3 4470 -.451 
N 1 13 3 5134 -.445 

I 1 13 3 5137 -.385 02 
0\ 1 13 3 5272 863 2 ·010 .oo54 1187 7 ·032 oOOfl6 

1 13 4 23 -.387 
1 13 4 1311 917 5 .oo8 .oo61 1210 3 ·035 .oo87 

13 4 1':'91 -.390 
13 4 2237 -.486 
13 4 2631 1036 3 .o1o .oo79 13o6 12 .o33 .o111 

13 4 2645 -.399 
13 4 270~ -.443 r,o 
13 4 3:l5n 985 2 .oo5 .oo69 1221 12 .033 .0093 

13 4 5270 749 1 .006 .0040 1090 5 .037 .0067 

1 13 t; 212 -.476 G 
1 13 5 236 -.495 24 
1 13 '5 1309 1187 4 .oos o0102 1494 5 .o37 .0128 

13 5 1617 -.398 
13 5 2266 -.392 
13 5 2629 853 0 .oo7 .0047 1071 4 o031 .0068 

Figure 2-4. Original Off-line Profile Report 



----------

program was written to give the user the option of varying these 

thresholds. The right-hand half of Figure 2-4 gives various pro

file rating values. These were the earliest attempts at rating 

track quality. This program output information was the first designed 

for different levels of management. The supervisor or roadmaster, 

who is primarily concerned with defects, used the left portion, 

while the planner or middle management maintenance-of-way officer 

was concerned with the right half. From a user's standpoint, it 

was realized that separate reports were needed. As a result, con

solidated defect summaries were developed to meet the track super

visor's needs. 

The computer was programmed to sort the profile defects in a given 

territory by severity and print them in a sorted table. Such a 

listing (Figure 2-5) can include all spots above a given severity 

level, or can display the worst 50, 100, or even 200 exception 

locations. Such a printout can give a first-line maintenance 

supervisor all the information he needs to locate and repair the 

more severe profile defects. The listing eliminates the need to 

scan numerous pages of a more detailed report. 

Profile rating summaries (Figure 2-6) were also developed for 

quarter-mile sections of track. These were oriented toward middle 

management and planning personnel. The four columns on the left 

of the figure define the quarter-mile track section by the location 

of its end point in miles and feet, either from a milepost or from 

a permanent location. The quarter-mile section was selected for 

several reasons. While one can argue that tangents and curves 

should be separated, neither a measurement car nor an experienced 

surveyor can accurately locate a point of curve to the nearest foot 

on the track. Some sort of permanent monument would be required 

at each end of each curve as an absolute minimum. The FRA measure

ment car can measure a mile of track with a maximum error of 5 feet 

(0.1 percent). The computer can accurately divide this mile into 

quarters. By selecting turnouts and road crossings located generally 
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•••••••••••••••••••••••••••••••••••••••• MOST SEVERE ExCEPTIONS - CHORD OffSET • ••••••••••••••••••••••••••••••••••••••••• 
* LOC X03 - LOC Xt3 

* WEST * EAST * 
• MP fEET TRK/LOc MILE fEET PROFILE fACT PAGE • MP FrET TRK/LOc MILE fEET PROFILE fACT PAGE .. 

• • 
• .. .. 

8 !850 I 04 2 1714 -.76 4 • 35 ?400 1 11 2 4858 -.so j9 * 
26 900 1 Of! 1 4089 -.71 X 13 * 32 4400 1 11 0 1469 -.76 G X 18 * 
32 4450 1 11 0 1549 -. 71 X 18 • 20 3200 2 06 3 4549 -.73 10 • 

* 40 llSO 1 12 2 3681 -.70 20 * 23 400 2 06 6 1771 -.71 11 • 
• 9 750 1 04 3 497 -.70 G 4 • 35 ;>350 1 11 2 4798 -· 71 j9 * 
• 24 2950 1 08 0 855 -.69 13 • 9 1000 1 04 3 762 -.69 c 4 

20 !SO 2 06 3 1475 -.68 10 * 22 2800 2 06 5 4371 -.68 c ll • 
* 8 4250 1 04 2 4126 -.67 4 • 23 4000 2 06 7 46 -.68 i 1 • 
* 9 3550 1 04 3 3269 -.67 X 4 * 4 150 1 03 2 1410 -.68 1 * 
• 33 4800 1 11 1 1999 -o66 18 * 9 2500 1 04 3 2246 -.67 c 4 .. .. 20 2500 2 06 3 3851 -.64 10 .. 20 150 2 06 3 1475 -.65 10 • 
* 23 400 2 06 6 1771 -.64 11 .. 4 t600 1 03 2 2889 -.64 2 

* 26 17so 1 o8 1 49t6 -.64 c 13 • 40 uso 1 12 2 37o3 -.64 ?.0 .. 
• 35 3550 I 11 3 729 -.64 X 19 .. 3 4450 1 03 2 433 -.E>t 1 .. 27 600 1 09 0 210 -.62 X 15 • 4 ?150 1 03 2 3430 -.61 2 

• 17 sooo 2 06 1 1015 -.62 9 * 32 !150 1 10 1 3164 -.61 i7 • 
17 !50 2 06 0 1435 -.62 GCX 9 * 25 3100 1 Of! 1 1023 -.60 f3 .. 

* 22 4250 2 06 6 537 -.62 11 * 27 550 1 09 0 167 -.6o X is .. 
* 39 4900 1 12 2 2149 -.6o 20 .. 20 4700 2 06 4 782 -.59 10 .. 
* 30 1250 1 09 3 668 -.60 15 • 17 150 2 06 0 1450 -.58 c 9 * 

N • 27 550 1 09 0 133 -.60 X 15 • 36 1300 1 11 3 3783 -.sa G X 19 * 
I * 3 4450 1 03 2 433 -.59 1 * 8 300 1 04 2 153 -.SA X 3 • 

00 * 4 450 1 03 2 1746 -.59 1 * 8 950 1 04 2 810 -.57 3 * 
• 7 2400 1 04 1 2209 -.59 GC 3 * 6 400 1 04 0 295 -.57 c 3 

20 4000 2 06 4 89 -.59 10 • 22 5000 2 06 6 1252 -.57 II * 
• H 5200 1 04 5 4918 -.57 5 .. 4 1400 I 03 2 2703 -.57 G 1 .. 
* 9 '+550 1 04 3 4281 -.56 G X 4 * 31 1200 1 lo 0 3115 -.57 ]7 .. 
• 30 3800 1 10 0 '+59 -.56 17 * 10 3750 1 04 4 3465 -.56 5 

23 2600 2 06 6 3951 -.56 11 • 30 !250. 1 09 3 646 -.56 X is 0 

2'+ 750 2 06 7 2079 -.ss 11 • 39 4950 1 1;> 2 2173 -.56 20 .. 
16 3l50 1 OS 3 4313 -.ss X 7 • 27 so 1 08 2 3251 -.56 14 .. 
16 '+300 I 06 0 147 -.ss G X 9 • 4 550 1 03 2 1850 -.sr:; X 1 .. 
24 ioo 2 06 7 1419 -.55 11 .. 31 3800 1 to 1 418 -.sc; X 17 .. 

7 3850 1 0'+ 1 3679 -.55 c 3 • 24 100 2 06 7 1'+02 -.ss i 1 .. 
16 3?.50 1 OS 3 4390 -.54 )( 7 • ?.3 !250 2 06 6 2608 -.s~o c 11 .. 
19 3250 2 06 2 4578 -.5'+ 10 • 5 ISO 1 03 3 14'+4 -.53 c 2 .. 

• i2 '+300 I OS 0 179 -.5'+ X 7 • 23 )950 2 06 7 IS -.53 11 . 2'+ 2850 I 08 0 737 -.54 X 13 • 26 900 1 0~ 1 4075 -.53 J3 .. 38 650 1 12 0 3146 -.53 20 * 10 3650 1 04 4 3361 -.53 5 
23 700 2 06 6 2025 -.53 11 • 18 3600 2 06 1 4928 -.52 9 .. 

6 '+650 1 04 0 4538 -.53 3 • 33 i3SO 1 1\ 0 3840 -.sz c !B • 
2 800 I 03 0 214'+ -.53 X 1 • '+ ?950 1 01 2 '+232 -.5;:> G 2 • .. 37 4800 1 12 0 2035 -.53 20 • 17 iooo 2 06 0 2289 -.5? c 9 • 

• 21 5200 2 06 5 1288 -.53 10 . 22 !500 2 06 5 3047 -.5;> ii • 
• 2'+ 2250 2 011 0 135 -.53 13 • )6 ;>950 1 II 4 135 -.5z 19 • 
• 16 '+500 2 06 0 343 -.52 9 * 37 450 1 1] '+ 2897 -.51 ex t9 • 

21 1750 2 06 4 312'+ -.51 10 • 33 ;>400 1 ll 0 '+882 -.5] !8 • 
• 27 550 1 09 0 172 -.51 )( 15 • 16 '5150 2 06 0 1039 -.si ex 9 • .. 9 3400 1 04 3 3143 -.5} X 4 • '+3 650 2 13 1 2'+9'+ -.St X ?2 . 
• 1 4450 1 03 0 52'+ -.so 1 • 6 4800 1 O~o 0 4676 -.5} 3 • 
• • • 
····~··~························································································································· 

Figure 2-5. Priority Profile Defect List (Chord Offset) 



·········•••******** TRACK SEGMENT SUMMARY FOR LOCATION : LOC Xo4 6·0-12.8 •••••••••••••••••••• 
0 I .. 
• TRACK SEGMENT = 1320 FEET I EXCEpTION THRESHOLD LEVELS : 1 = .31St 2 = o500t 3 = o625t 4 = .750• 5 = oll75 .. 
0 I .. 
0 I .so I NUMBER OF EXCEPTIONS 0 
0 SEGMENT LOCATION \ DATA I TRACK TRACK CUM. PERCENT. I ABOVE THPESHOLDS I " • MP FEET MILE FEET IN SEG I IN DEll SLOPES SLOPE VALUE I 1 2 3 4 5 I 1 2 3 4 s .. 
• I I ( WEST RAIU I ( EAST RAIL! .. 
• I I I .. 
* 10 2900 4 2631 100 I 1103 115 3.45 -.371 I I 3 .. 
• 10 4200 4 3950 100 I 1624 107 3.06 -.4A3 I 6 I 3 2 • .. 6 1450 0 1319 100 I 1561 95 3.02 -.447 I 4 I 3 2 .. 
• 9 4200 3 3952 100 I 1401 83 2.79 -.394 I 2 1 1 I .. .. 12 200 5 5268 100 I 1399 74 2. 71 -.4Q6 I 2 1 I 1 .. 

10 250 3 5272 100 I 1354 85 2.46 -.4oo I 1 1 I 3 .. .. 6 27<;o 0 2639 100 I 1246 61 2·44 -.3s7 I I I I .. 
0 9 2900 3 2633 100 I 1246 51 2.51 -.383 I ? I 1 • • !9 1600 4 1311 100 I 1223 53 2o14 -.4o7 I ? I 2 .. 

N 
. 11 29~0 5 2629 100 I 1201 so 2.17 -.391 I ;:> I 1 .. 

I .. 7 4150 1 3956 100 I 1183 56 2.D -.3q3 I 1 I 3 .. 
<D • 8 100 1 5276 100 I 1181 59 2.2, .. -.3o6 I ? I .. .. 11 1550 5 1309 100 I 1149 56 2.20 -.277 I I .. 7 15oo 1 1317 100 I 1140 45 2o10 -.393 I 1 I 2 .. .. 9 250 2 5274 100 I 1131 so 2o11 -.4)4 I 2 1 I 2 .. .. 11 250 4 5270 100 I 1131 41 2.32 -·259 I I 1 .. 

• 9 1550 3 1313 100 I 1097 32 2.13 -·503 I 1 I 
• 1? 1500 6 1307 100 I 1090 32 2.Jo -.270 I I . .. 12 4100 6 3884 9'i I 1085 38 1o94 -.285 I I 1 .. 
• 12 2850 6 2627 100 I 1072 40 1.96 -·254 I I .. .. 11 4200 5 3948 100 I 1067 43 1.95 -.246 I I .. 
• 7 2800 I 2637 100 I 1049 42 1o9'i -.378 I I I I .. 
• A 4050 2 3954 100 I 971 36 2.00 -.295 I I 1 " • f, 4050 0 3958 100 I 931 26 1 o6A -.337 I I .. 7 200 0 5278 100 I 907 27 1o6J -.JAB I I I 

" 8 2750 2 2635 100 I 780 13 1o4R -.2!'>0 I I I .. 
8 1450 2 1315 100 I 773 20 lo39 -.408 I I I 2 .. .. I I I " ********************~*********************************~*************************************************~************************ 

SEGMENT IS LESS THAN FULL TRACK SEGMENT 

Figure 2-6. Profile Exception Track Segment Summary Report 



3 to 5 miles apart as permanent monuments, highly repeatable 

quarter-mile sections can be output for each test run. At the 

same time, these sections are then short enough that limited 

changes in the data do not become masked by the sheer mass of 

data. 

The last column on the left quarter of the page shows the percent

age of data accounted for in the section. Each quarter mile of 

track should have 1092 samples of profile data. If some of these 

samples have been lost or are not included for some reason, the 

rating values for that section lose their validity and cannot be 

used for comparative purposes unless there is compensation for 

this loss of data. 

The first profile rating value shown is "track index." This is 

defined as the area between a measured profile curve and a theoret

ically perfect track. The numerical value for each sample of pro

file data is multiplied by the 2.4-foot sampling interval (con

verted to inches), and these products are then summed for each 

rail. Although individual defects are related to a particular 

rail, track profile quality is related to both rails. In present 

practice, therefore, the index values for the two rails are averaged 

to determine track index. 

As in defect reporting, the computer can be programmed to sort the 

quarter-mile sections by index value for longer stretches of track. 

These are then printed out in order of severity so that the worst 

track can receive immediate attention. Figure 2-7, for example, 

covers nearly 50 miles of track. 

A second method being studied to rate track is the "top of rail 

slope" changes per quarter mile. These are shown as "Track Slopes" 

in the column to the right of "Track Index" in Figure 2-6. If two 

consecutive data point values on either rail differ by more than 

0.1 inch, the slope of the top of the rail is considered to have 

changed, and one slope, or slope change, is counted. The number 

of such changes per quarter mile is printed as a measure of surface 

quality. 
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4444oo••••o•••*o************ MOST SEVERE EXcEPTIONS - TRAcK SEGMENT SUMMARY ..•....................•.............. 
LOC X03 - LOC X\3 

BASED ON SEVERITY or INDEX 
.o;o MP rrn TRK/LOC I.ULE rEET INDEX SLOPES MEAN VARIANCE CUM• PERCENT. PAGE * 

SLOPE VALUE 
24 )400 I 08 0 1)19 1809 i56 .oo1 ,0183 3oS5S6 -.5151 I) * 

0 17 so 2 06 0 1319 !731) 112 ·003 .olSS 3,z893 -,5024 9 * * to 29oo I o4 4 2631 t7o3 115 •oo7 • 0 !67 3,4Sto -.3712 5 0 1 n 4200 I 04 4 39sO 1624 I 07 .010 ,0141 3,0632 -,48?.8 5 * 19 3950 2 06 2 5274 !581 93 -.oo7 ,0134 3,393! -,4094 10 * 6 1450 I 04 0 13!9 }56! 95 -.oo6 .ol48 3.o208 -.4470 3 * 19 5~50 2 o6 3 13!3 !535 71 -·oil .ol3? 3.t407 -.35So 10 • 13 100 I os 0 1319 1500 90 .oll ,0118 2,9687 -,365A 7 • 17 5100 2 06 I 1317 J49q 75 .oo3 • o121 3, 049o -.356! 9 • 
4 1350 I 03 2 2635 !485 92 .oos .0122 2,4840 -.4973 I • 2' 3900 2 06 3 5272 1483 78 -.007 .0147 2.7022 -,4103 10 * 27 1700 I 09 0 13!9 1466 84 .oo8 .ol34 2.~606 -.soB7 15 • 37 zoo 1 11 4 2631 1450 94 .016 ,0106 3, 0545 -,2928 19 • 3o 1900 I 09 3 1313 !439 90 ·009 .oil! 2.~621 -.4398 iS • 4c 1400 I 12 2 3954 !433 63 -.ozt .oil! 2.7678 -.S38o 20 • 4 4000 I 03 2 S274 142() 82 .014 ,0104 2,6481 -,4347 2 * 21 1300 2 06 6 2627 1415 77 -.oo2 ,OISO 2,4329 -.5444 II o 9 4200 I 04 3 3952 1401 83 -.oo7 ,Ql08 2,7858 -,3938 4 • N . 37 1<;00 1 11 4 3950 1400 92 .014 ,0099 2.6545 -.3741 19 • I 0 12 zoo 1 04 5 5268 !399 74 •002 .oll8 2.7065 -.4063 5 • I-' 0 23 5250 2 06 7 1305 139~ 94 .oo2 .Ol2S 2,4286 -.4541 II • I-' 0 4 2650 1 03 2 3954 !391 86 .oo2 .o 118 2,4626 -.5309 2 • 32 4250 1 11 0 1319 1381'. 73 .006 ,0105 2,~993 -,351A 18 • 4 so 1 03 z 1315 1380 73 -.ool .oo8o 2,7274 -.3823 1 * 20 1300 z 06 3 2633 !379 61 -.oo2 .0124 2,A605 -.5482 10 • 2) 2600 2 06 6 3946 1370 73 -.oos .0119 2.4966 -.4395 11 • 10 ?50 I (!4 3 5272 IJS4 85 -.oo5 .0108 ?,4605 -.4004 4 • 24 1300 2 06 7 2625 133~ 65 ·001 .oil! 2,4665 -.5014 11 ° I~ 1300 2 06 I 2o37 1325 45 .oo8 .0081 2,6993 -.2575 9 0 

I~ 2650 2 06 I 3956 1317 39 -.oo2 ,0096 2,S455 -,3669 9 • 29 1900 I 09 2 1315 1307 82 • 0 !8 .o093 2.sto3 -.2737 15 * 20 5?50 2 06 4 1311 !301 54 -.ooo .0108 2,4863 -.4428 10 ° 26 2100 I 08 I 5276 1297 67 .004 • 0104 2,4049 -.5213 13 • 
3 4000 I 03 I 5276 1296 52 .oo9 .0065 2,R364 -.2882 1 • 24 4750 I 08 0 2639 12BA 75 -.oo5 .0093 2,4706 -.3665 13 • 17 1350 2 06 0 2639 128~ 52 .010 ,0090 2.s518 -,4825 9 • 

33 !50 I II 0 2639 !284 82 .ooo • o093 2,z635 -.4544 18 • 4! 100 I 12 3 2633 t28o 42 -.oJ9 .o084 2.4762 -.3504 21 ° 29 4550 1 09 2 3954 127~ 61 .002 ,0089 2.~170 -.2918 15 • 3q 14~0 1 12 0 3958 126! 45 -·024 .oOB2 2.J490 -.3776 20 • 2 noo 1 03 0 2639 1255 63 -.ool .oo79 2.4462 -.3912 I * 6 2750 I 04 0 2639 1246 61 • 001 ,0089 2,4430 -,3565 3 • 9 2900 I 04 3 2633 1246 51 -.o1s .008! 2,<;092 -.3831 4 • 
I 5250 I OJ 0 13!9 1244 6! -.oo4 .oo93 2.?438 -.4539 1 0 3A 100 1 12 0 2639 1241 57 -.015 ,0082 2,S49l -,3183 20 • 2'l 3250 I o9 2 2635 !23<> 66 .o!S .oon 2.6517 -.2514 15 • 5 0 I 03 3 1313 !237 76 ·011 .oo83 2.3179 -.2935 2 • 26 3400 I 08 2 1315 1236 61 .004 ,0089 2,4088 -.2802 13 • 27 3050 I 09 0 2639 1236 52 .017 ,0088 2,4106 -,3191 15 • 2o 2600 2 06 3 3952 1235 46 --oo8 .oo9t 2.4342 -.3858 10 • . 

**************~**********'.**************O***********************************O******************************************** 

Figure 2-7. Priority Profile Defect List (Track 
Segment Summary-Index) 



A third profile rating technique is printed near the center of 

Figure 2-6 and is denoted as "Cumulative Slope." To define this 

concept graphically, the cumulative histogram (Figure 2-8) of all 

the profile data points in a quarter-mile section of track is con

structed by the computer. The X-axis shows the profile values, 

while the Y-axis shows the sum of all the data readings equal to 

or less than that profile reading as a percentage of the total 

samples. 

Mathematically the slope of a line is described as the tangent 

function which is equal to the difference in Y-values divided by 

the corresponding difference in X-values. By reading across the 

constructed graph at the 70 percentile level to the curve and then 

down to the X-axis, the corresponding profile value can be deter

mined. The same can be done at the 30 percentile level. The 

change in Y-values is 70 percent minus 30 percent, or 40 percent. 

The change in X-values is the algebraic difference of the two X

axis readings. The slope value can therefore be calculated by 

division. 

If the track section is smooth, the data points will tend to group 

tightly together; the change in X-value will tend to be smaller, 

and the slope value will tend to be larger. If the track section 

is rough, the data points will spread more across the graph; the 

change in X-value will be larger, and the slope will tend to be 

smaller. 

These rating methods are concerned with the overall condition of 

a quarter-mile section. However, it is possible that only a few 

isolated spots may begin to deteriorate. These could be at road 

crossings, at insulated joints, or at turnouts. It is also de

sirable to flag this type of change. The 0.5 percent value 

shown in Figure 2-9 is an attempt to note this type of change. 

This can be described as that value of the profile data which is 

less than 99.5 percent of all the values in the section. The 

figure shows the lower end of the cumulative distribution curve, 
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Figure 2-8. Cumulative Slope Value Calculation 

with the cumulative percentage of the data as the ordinate and the 
profile value as the abscissa. The computer, 1n effect, reads up 
to the 0.5 percentile level and then over to the curve to find an 
intercept value. This is the 0.5 percent value and is printed out 
in the summary data. 

The calculation of the 0.5 percent value normally utilizes five 
data samples, or 12 feet of track. If these samples represented a 
"critical" defect, they might be corrected before the computerized 
data analysis was complete. For future comparative purposes it 
would, as a result of corrective actions, lose its meaning. 
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Figure 2-9. 0.5 Percent Profile Value Calculation 
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Pictorial representations of the data can be made by the computer 
through the use of the histogram. In Figure 2-10, the percentage 
of profile data points in each cell, shown on the Y-axis, 1s plotted 
against the profile value for the cell, shown on the X-axis. The 
histogram can be an effective technique for displaying data for 
longer stretches of track. 

As with the study of track profile, it became necessary to develop 
gage rating techniques and to output them in a separate user
oriented report. Figure 2-11 shows gage rating techniques used 
to evaluate approximately four miles of track. 
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TRACK SEr,MENT SUMMARIES ACQUJSJTION 41124-1N1 PROCESSED 12;15/74 PAGE 3 

PERcENTAGE LEVELS I J = REL0W 57,25 2 = 57,25 - 57.50 
3 = 57 50 - 57 75 4 = 57 75 - 58 00 

TRacK SEGME~T LENGTH = 13?0 FEET ( 546 SAMPLES! 5 = 5e:oo - 58:25 6 = ABOVE 58,2S 

MP FEET TRK/LOC MILE FEET MEAN VARIANCE PERCENTAGE LEVELS NO, I PERC~NTAGE VALUE~ 

2 3 4 5 6 SAMPLES I 95!1 97!1 99~ 

I 

" l' 100 1 os 0 1319 56.43 •o241 98 2 0 0 0 0 546 I 56.66 56,72 56,83 

" J< 1400 1 os 0 2639 56.so •0121 97 3 0 0 0 0 546 I 56,70 56,77 S6,R7 

" l3 21s0 1 05 0 3958 56o58 •0191 R7 13 0 0 0 0 546 I 56.s0 56.85 56,94 

N .. !"' 405(1 1 05 0 5278 56.5} •0292 92 8 0 0 0 0 546 I 56,82 56.86 56,'l1 

I .. 14 151) I os 1 1317 56o50 •0147 96 3 1 0 0 0 546 I 56.71 56,80 56,98 

1-' .. !4 15(11) ! ~5 1 2637 56.42 •0475 'l3 7 1 0 0 0 546 I 56.79 56,88 56,98 
0\ .. 14 <>Roc l os 1 3956 56.32 •0166 100 0 0 0 0 0 546 I 56.57 56.65 56,74 

<> l4 i>IOO I OS 1 5276 56,53 .0587 79 20 1 0 0 0 546 I 56,87 56,90 57,07 

.. !-" 15~ 1 os 2 i315 56,73 ,0522 46 44 10 0 0 0 546 I 57,04 57,08 57,!3 

.. !" !SOli ! OS 2 2635 56.8i .o393 30 59 12 0 0 0 546 I s7.o7 57.10 57.14 

.. 1"' zaoii l 05 2 3954 56.46 ·0203 'l7 3 0 0 0 0 546 I 56.72 56.76 56,86 

l> lt:; 4100 l 05 2 5274 56.35 •0126 100 0 0 0 0 0 546 I 56.57 56,58 56,60 

.. 1" 15 ~ l OS 3 1313 56,27 .o1o2 100 0 0 0 0 0 546 I 56.45 56.50 56,60 

l 1500 l OS J 2633 56.25 o0087 100 0 0 0 0 0 546 I 56.42 56,44 56.<;5 

\ 28!\0 I OS 3 3952 56.24 .0053 100 0 0 0 0 0 546 I 56.38 56,40 56,43 

" 1 400" 1 0'5 3 5122 56.32 .o2o1 98 2 0 0 0 0 484 I 56.67 56,71 56,1'.0 

Figure 2-11. Gage Track Segment Summary 



The track has been divided into the standard quarter-mile sections 
during data processing. The columns on the left of the figure 
locate the end of the section and identify the particular track. 
Perhaps there is too much data displayed here merely to locate 
the section, but to a large extent this must be a decision of the 
user. 

In the next column the "mean" gage is given. This is the arithmetic 
average of all the data points recorded in that quarter mile of 
track. Normally this is 546 readings. A glance at the "mean" gage 
readings on this figure will show that it varies from 56.24 inches 
to 56.81 inches. An average gage of 56.24 inches may be questioned 
by some track maintenance men, but this is continuous welded rail 
which was laid 1/4-inch tight on tangents. A "mean" gage of 56.81 
inches is, however, questionable. 

A second gage rating value which was developed is the gage "variance." 
This is the normal statistical "variance," or the square of the 
standard deviation, of all the data points within a quarter-mile 
section. Any offset of the data due to calibration is ignored by 
this calculation. The "variance" is shown near the center of the 
figure for each quarter mile of track. 

Both "mean" gage and gage "variance" can be used to examine the 
general condition of the gage in a quarter mile of track. However, 
a limited number of spots where gage may be changing are also cause 
for concern. Just to the right of the "variance" data are six 
columns labeled percentage levels. These indicate the percentage 
of all the data samples in that quarter-mile section which fall 
within the gage value groupings shown at the top of the page. A 
number of the track sections shown have 100 percent of their values 
located in the first percentage level, or below 57.25 inches. Most 
sections fall in the first and second levels, or below 57.50 inches. 
All of the sections fall within the first three percentage levels, 
or below 57.75 inches. This is good Class 4 track. 
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The percentage level rating technique actually looks at both the 

broad trends in overall gage and the limited changes at the wide 

end of the distribution. As such, it could be a valuable technique. 

At the right of the figure are three columns which are headed "per

centage values." These are developed in the same fashion as the 

0.5 percent values for profile. The computer is looking at the 

wide gage side of the distribution. Three different levels have 

been computed and printed out in an effort to determine if one is 

more significant than another. 

In the historical development of the rail research program, the 

next step was the generation of a crosslevel exception program. 

Although a crosslevel system was operational on the measurement 

cars from the beginning, more than a year passed before attempts 

were made to write a program locating and quantifying the defects. 

Because an isolated crosslevel value may or may not be a defect, 

depending on whether the track is tangent or curve, it was neces

sary to provide the computer with the logic equivalent to the 

judgment and experience that the track maintenance personnel would 

use when looking at crosslevel data on a strip chart. 

This was accomplished through the use of a data sample averaging 

technique. The values of the 60 data points immediately preceding 

the data point in question as well as the 20 data points immediately 

following are averaged. If the value of the data point in question 

varies more than a preset threshold amount from this average, it is 

considered a defect. As such it can then be output in a digital 

crosslevel exception report. It can be displayed as a point or as 

a longer exception having a beginning, a maximum, and an end The 

defect is also specified by its location in the track. 

Figure 2-12 is an example of one of the earliest of such reports. 

At this time, curvature output information was attempted uslng the 

crosslevel data. This information is shown in the left center of 

the figure. After a small amount of field analysis, it became 
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CROSS LEVEL ANALYSIS AC<lUlSITION 11109-5"l1 PROCESSED 01/13/71 PAGE 

lOCATION OF END OF EVENT TANGUH qUNOFF SUPERE.LE.I/A TlON TRIIN<;lTION EXCEPTIONS •'ARP 
TR~;LOC MILE FEET AVG LNTH 1</C LNTH N AVG LNfH IHV FHV TYPE MAX LNTH lOX o,HORT MAX LONG INDEX 

40 0 39 .48 39 .222 .934 147 

0 40 0 89 SHORT .88 19 154 
0 '+0 0 196 -.75 157 15 .66 .52 455 

40 0 737 -1.03 5'+1 .014 746 

0 40 0 865 .9tl 121:1 7 .so 314 

0 40 0 b94 SHORT .65 29 65 
0 40 0 1742 -.04 iH7 .oos 1.038 .028 1419 

'•0 0 19Q4 .H4 251 10 3b3 N 
I 

f--1 
0 40 0 25911 2.53 604 729 

w 
0 40 0 2847 -.62 249 ' 304 

0 40 0 4700 SHORT .68 70 160 
0 40 I 563 .24 2997 .001 .801 .019 2979 

0 40 1 626 SHORT .58 12 80 
0 40 I 858 -.92 29'0 3 470 

0 40 1 1187 -2.h7 329 324 

0 40 1 1499 .94 312 1 .55 321 

0 40 1 35<J6 SHORT .70 l2 227 
0 40 2 482 .09 4263 .029 3843 

0 40 2 661 -.46 179 0 ?.69 

0 40 2 735 -.96 75 62 

0 40 2 931 .87 196 l 316 

0 40 2 1460 .26 529 .017 460 

0 40 2 15'16 .48 126 1 222 

0 41 2 3445 -.os 1856 1743 

Figure 2-12. Original Off-line Crosslevel Report 



obvious that this portion of the report was too inaccurate to have 

a practical use in curve analysis or maintenance. A curvature 

system and a report based upon its data would be needed. 

On the right third of the figure crosslevel and warp exceptions 

are listed. While most of the crosslevel exceptions could be veri

fied in the field, they represent only those spots where the actual 

data value varies from the average. Crosslevel in tangent, reverse 

elevation, and improper elevation of curves were beyond the measure

ment capability of the system. This situation provided the moti

vation for developing an independent curvature measurement system 

and curve evaluation report. 

About this time an extremely valuable tool was made operational on 

the measurement cars (Figure 2-13). This was the real-time digital 

exception printout. It furnished the maintenance-of-way supervisor 

with a hard copy list of "critical" defects by magnitude and loca

tion which he could take with him when he left the cars. A second 

copy was provided for office use or as a checklist of corrected 

defects reported from the field. 

This list has been successfully used by track maintenance forces. 

There have been several instances when a track supervisor, working 

from such a list, corrected the "critical" defects before a formal 

list could be given to him from off-line data processing runs. 

On one occasion, when the on-line digital tape recorder malfunc

tioned, gage and profile corrections were made by working from the 

real-time digital exception printouts. 

One objective during the course of this study was the simplification 

of reports and a reduction in the amount of generated report paper. 

Figure 2-14 is an example of the first attempt to develop an off

line integrated exception report showing the defects in all param

eters on one page. This report eliminated the need for separate 

gage and profile exception reports, allowed the track man to see 

how defects related to each other, and did away with the cumbersome 

switching from data book to data book. 
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EXCEPTION LISTING REPORT PAGE ~310 

NILE LEFT LEfT RIGHT RIGHT CROSS 
POST FEET C0Mt1ENT F'F<OF I LE ALI GNt·1ENT PROFILE ALI Gt~t'1ENT LE'·/EL GAGE 

003:-3:93:6 
003:-3:93:9 
003-3939 
003-3943 
003:-396:; 
0~33:-3977 
003:-3:997 
003-3999 
0~33-4050 
003-4072 
(1(1]:-4(179 
(1(13-4>393 
01.]]:-4115 
003-4117 
0•33-4132 
(H';}J:-4154 
~:?LF-4156 
0(1}-417;:i 
003-419(1 
003:-4159 
(1(13:-4159 
(103:-4161 
0~33:-4598 
(103-46(11 
0E:G-4606 
0~33-4586 
(103:-4586 
00:c-4589 
003:-46::3:0 
003-4642 
003:-4661 
0~33-4664 
0>33:-4664 
(!•;::;:-4666 
0fl?-467:t 
00::!:-467'1 
mB-4676 
(1(13-46\31 
003:-4681 
~xG-4702 

END 
START 
MAXIMUt1 
END 
START 
t1A:<: I t·1Ut1 
END 
START 
t·1A)~ I t·1U~1 
ENE) 
STAfn 
t·1A>iit·1Ut·1 
END 
51 ART 
~1Al·': I t1Ut·1 
ENE:• 
SfAF.:T 
t·1A:>~It·1Ut·1 
END 
STAF.:T 
t·1A>iiHUN 
H~D 
STAF.:T 
MA:":IMUt1 
Et~D 
START 
t1A::-=: I t·1Ut-1 
END 
START 
t1A:"; I t1UM 
HW 
STAF.:T 
t·JA::< I t·1Ut·1 
END 
START 
Mi"f::~ I MUr1 
END 
STAF.:T 
t·1A::·::It·1U~1 
END 

- >:1. 51 
- •::1. 51 
- (1. 3:4 

- ~3. 53: 
- ~~i. 52 
- >:t .::::::< 

+56. 89 
+57. 09 
+57. 09 
+57. 0(1 
+57. 0~~ 
+57. 56 
+56. 65 
+57. i7 
+57. 64 
+56. 91 
+57. 01 
l·57. 63 
+56. 66 
+57. 22 
+57. 42 
+56.· 62 
+57. 2::: 
+57. 72 
+56. :35 

+57. ~32 
+57. i(1 
+56. 96 

+57. 03 
+57. 39 
+56. 59 
+57. (11 
+57. 131 
+56. 96 
+57. (16 
+57. 06 
+56. 96 
+57. 21 
+57. 21 
+56. 92 

Figure 2-13. Typical On-line Exception Listing Report 

The earliest form of the integrated exception report included 
profile, gage, crosslevel, and warp data. It was designed as an 
"ouch" type of report for first-line track supervision. Some of 
the holdover information from earlier reports can be seen. Not 
only is the defect magnitude and location printed out, but the 
beginning and often the end are also located. Such a technique 
can double or triple the amount of paper without conveying any 
additional information. 
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INTEGRATED TRACK GEOMETRY EXCEPTION REPORT ACQUISITION 31113-lNl PROCESSED ll/27t73 PAGE 17 
Lf1C X04 

fOR XLEVEL AND WARP : + MEANS NORTH RAIL HIGH 
- MEANS SOUTH RAIL HIGH 

LOCATION : 04 TRACK NUMBER : 1 CLASS 7 TRACK 

PROFILE ( 14·5 ) AliGNMENT GAGE X LEVEL WARP 
THRESHOLDS IN INCHES --> ( ,375) NOT OPERATIONAL 157.25) ( .750) ( .750) ( ,750) 

WEST EAST WEST EAST S,WARP L.~JARP 

t.'p DIST 'IILE FF.ET pAIL RAIL RAIL pAIL EXC fAA X DIST FXC MAX DIST (! Q, SFT) (6?o0fl) 

.. A 2'l50 2 2633 -.394 -,76 E .. A 2850 2 2637 -.11 s 
8 2900 2 2f-40 -,86 M .. <\ 2900 2 2642 -. 71 f .. R ?900 2 2659 -.4311 .. i\ 2900 ? 2686 -.459 .. R )}50 2 2925 -.491 .. f< 4350 2 4097 -.547 
R 4150 2 40'l9 -.627 

N .. Q '>100 2 4f<73 -.83 s 
I .. ~ SIOO 2 4>175 -,94 M 

N .. R 5100 2 487A -,86 E 
N .. R '5100 2 4R82 .382 .. Q 5150 2 4931 57.30 GP 

,, 5150 2 4918 ,78 .. 'l 5200 2 4940 57.?fl 57.65 12 ,81 

* R S2SC 2 500fl -.398 
0 9 950 3 671 -,84 5 
0 9 950 3 673 -1,11 M 
0 9 950 3 E-llS -,94 F 
0 9 950 3 712 -.89 5 
0 9 950 3 714 -1.06 M .. 9 1000 3 724 -,78 E .. 9 1000 3 731 -.376 ,82 s 

Q 1000 3 733 -.587 ,98 GP ,82 SM 1.03 M .. 9 1000 3 731> -.466 .. 9 1000 3 741 .so ,98 1 ,79 E .. 9 1000 3 743 ,RS f .. 9 1900 3 1632 -,462 .. 9 \'lOO 3 1635 -.515 .. q 1900 3 lf,4? .382 
q 2150 3 1!'<86 -.3A2 .. q ;>200 1 J'l4? -,395 

0 9 2?00 3 1'l44 -.426 -.459 
0 q 2?00 3 1'l47 -.395 .. 9 2?00 3 1956 .452 

Q ;>450 3 2?17 -.556 
0 9 2500 3 2?20 .,..481 
0 9 21350 3 2606 -.377 

Figure 2-14. Original Integrated EXC€;:-'tion Report 



The development of a curvature measurement system led to the gen
eration of a curvature defect report. As with crosslevel, there 
is no way to tell that a single, isolated curvature reading con
stitutes a defect. Therefore, the data sample averaging technique 
that was developed for crosslevel was adapted for curvature defects. 
If the absolute value of the curvature data sample varies more than 
a predetermined amount from the average, it constitutes a defect. 
This technique can be used equally well in tangent, curve, or 
spiral track. 

Field testing of the curvature system has shown it to be accurate. 
Figure 2-15 shows the string line measurements for two curves 
plotted to the same scale as the strip chart traces. For practical 
purposes, the string line measurements and chart traces are identical. 

Figure 2-15. Comparison of Curvature Data from String Line 
and Curvature Subsystem Measurements 
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The same curve was measured by the curvature system at varyin~ 

train speeds (Figure 2-16). In this figure the speed was varied 

from 20 mph to 50 mph in 10-mph increments. The resulting strip 

chart traces are identical. 

By combining the inputs of the curvature and crosslevel systems 

into one program, the curvature analysis report shown in Figure 

2-17 was developed. This is not strictly a defect type report. 

The left third of the figure locates and describes the curve with

out regard for defects. Neither does this portion of the report 

specifically attempt to rate the curve. It locates the event, 

identifies the point of tangent to spiral, the length of the re

ceiving spiral, the point of spiral to curve, the length of curve, 

the average degree of curve, the average superelevation in the 

Figure 2-16. Comparison of Curvature Subsystem Data 
Collected at Various Speeds 
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(IIDVtlTIPF.' ... ~Al v<., 15 
TF<-T c-;rcr rn,., :> 

1\CQUJSITION 3110?-lS? PROCESSED 03/04/74 

FOR CURVATURt--ooSITTVE VALUF=CENTER OF CURVATURE TO WEST 

PAGE 
L0!'hTl"'l'' N.tM~f.• t7 Tn 17 

~IF GAT JVE VALUE'=CPHER OF CURVATURE' TO EAST FoR CROSSLEVEL--onslriVE VALuf= EAST RAIL HIGH T~hCK •.•u'-'~r-~o~ : 1 1\ifGATJVE VALuF.= WE'ST RAIL HIGH 
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[ END OF" EVfNT 
LOC• OISTANCE 

. . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . 

.. 0 I')J ST~'~"If 

"p Fr-FT 

,qo ?"1<)Q 
:"q~ ?'l<)~ 
;q>-1 ;)11'-l 
jq~ ?""\1'-,4 

>oA ;:>11:18 
i"QA ?£.,"!.? 
i"Qo-~ =>£.41 
19"' ::>(.41 

lqq ?•.S·l 
:Q~ ;:>4c;.._, 
jqq ;:><.:J'' 
:qo.l ->::..1", 

'o" ;l·~C:.t.. 

"" ;lC(>) 

'"" ?<:.. .. 1 
iq>-1 :::o·:.).{J 
jQA ;:~::.~ l 
I ::;I..! ::)I:QJ 
,q.; :;:>;:;C..1 

'o" :::>::.t.d 
iQ~ ;:>.; 17 
1Q~ ">~?'-1 

lQA ;:>.c.. 19 
)q~ :;:o.,Q::> 
;q~ ;u,C.,7 

"" ?71} 
Q4 ::t74'i 
oi> .?7~1 
DA ;:>7C,7 

curve, 

fects 

curve 

[ Avr.. Avr... AVCu I CURVATURE 
I I t Po,•(:.;>-~ ClJ'<V. f.l~V• 01->E~. I "4IS"~ATCH REv. CtiRV. MAX X-LF"V WARP O;A R AND R I I 1r::-p 1nt:r.J (1~>1.) SPEED I DIST SIZE x-Lf'y cnEG) SPEED <IN.) (3le0) LEN (19.5) I J I 
I To 111 I 
I r• oooooooo<;::lJ;...AL Tfl f:UOIJ[O.ooo'!l-t~-oo I 
I to I .57 42 2 I fo 1·~ ?.41-l. -.;;>t 4?/ 431 
'I 10 .. oooo-.o.oO('iiOVr::· Tl'"l <;P!Pt...L******** I .,]() I To I 1. Sn 39 28 I !"" 72 1 
I Jtlo ooooooOOOflPIT or::- TAN(.;::t.Jl.O.t~-fl-<IHtOO 1 -.c:oo I I I 
I l I 
I I I -J.4n I r 0 ooOOoOOODI)PIT OF' <;pfPIIL oooooooo I 
I r• 1 -1.24 38 45 I Jt~- I -•57 2 I r c I • 7c.. 50 1 I 1 c ... o ,,,.~ T;:.ttl(t< Ft:>n•.t I TO ? I 
I I 
I I I .1? 46 16 I I 
I r.a- oo<HtooOO~PTW'I.L Tl" cuovf<~-0000000 I 
I I -•6S 36 2 I [t~- 1? -? •. :.l -.10 36/ J9J 
I 1 o **"'**t~-oorl.qVL~ Tn <;,P Ji.II\L*ooo·IHtoo I 
r T* r -t.Jf' 35 21 I I • 

I* 
l• 
I • 
I• , . 
t• I ~4 
yo ooooooooonJ~T Qr::'" TANt;~~foooooo• 
I 
I 

1 •• SQ 44 2 I I -·53 2 I 1 1·1• 84 41 I I .So 2 I I 
-6 7-<; I I 
~~I I 

I I 
I I 
I I 
I 

Figure 2-17. Curvature Analysis Report 

MILE F"EET 

0 14 
0 14 
0 19 
0 24 
0 24 
0 58 
0 97 
0 97 

106 
Ill 
186 
191 
215 
217 

0 237 
0 237 
0 237 
0 249 
0 249 
0 ?49 
0 273 
0 285 
0 295 
0 348 
0 353 
0 387 
0 401 
0 413 
0 413 

the limiting speed ln the curve due to superelevation de-
based on FRA track standards, the allowable speed in the 
based on average superelevation as determined from FRA 

standards, the point of curve to spiral, the length of the 
leaving spiral, and the point of spiral to tangent. This is a 
tremendous amount of information. The need for some of it may 
be questioned, but the data must be developed in order to deter
mine curvature and superelevation defects. 

The right-hand 
report. Errors 
These can occur 

two-thirds of Figure 2-17 is strictly a defect 
in matching crosslevel and curvature are noted. 
at the 

spiral when curvature 

tangent end of the receiving or 
and superelevation do not begin 

leaving 

or end at 
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the same point. This mismatch can also occur at either end of the 

body of the curve when full curvature and full elevation do not 

coincide. If a mismatch of more than a preset distance exists, 

the length of the mismatch is located and printed out as well as 

the maximum error in crosslevel. In Figure 2-17, the mismatch 

distance threshold is 50 feet. 

Reverse crosslevel can be found in the tangent just ahead of the 

spiral, when the crosslevel actually goes negative (with respect 

to the superelevation of the curve). If this condition is sensed 

above the preset defect threshold, a defect is printed showing 

its magnitude and location. 

A curvature defect is sensed by comparing the actual data point 

value with the running data sample average. In Figure 2-17, the 

defect threshold is 1-1/2 degrees greater or less than this average. 

Again, the magnitude and location of the defect are shown. The 

maximum allowable speed for the defect is also computed from the 

formula in the track safety standards and shown next to the curva

ture defect. 

Superelevation defects in curves are shown. These are computed as 

previously discussed in the determination of crosslevel defects. 

Warp can be defined as the rate of change of crosslevel. In Figure 

2-17, warp is computed on a 31-foot length, using a 1-1/4 inch 

defect level for tangents and curves, and 1 inch for spirals. 

These values can be easily changed in the program to meet the needs 

of the user. 

The periodic irregularities in crosslevel which can produce rock 

and roll instability can now be computed. In Figure 2-17, it is 

analyzed over a 19-1/2 foot distance. Given a particular data 

sample, the program examines the data sample a preset distance 

away. If the difference in crosslevel between the two samples 1s 

above a selectable threshold, the sign of the slope between the 
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two points is saved. Using the preset distance, a new crosslevel 
difference is examined and compared to the threshold. If it ex
ceeds the threshold, a second slope is calculated; if the sign of 
the second slope is opposite to that of the first slope, two 
changes in direction have occurred. If a continuation of this 
analysis produces a third slope, having a sign opposite to the 
second slope, a possible rock and roll situation is considered to 
exist and it is printed out and located. The critical thresholds 
used for rock and roll in this example are equivalent to three or 
more successive spots which are 5/8 inch low on alternate rails 
and 19.5 feet apart. Again, the thresholds can be varied for the 
user. 

In both curvature and crosslevel reporting, a sign convention was 
developed to identify the direction of curve of the high rail. A 
positive sign indicates that the curve is to the east, or that the 
west rail is high. A negative sign indicates that the curve is to 
the west, or that the east rail is high. 

The exception report currently being produced for and used by the 
railroads to display geometry defects is an improved version of· 
the Integrated Exception Report (Figure 2-18). This is a compre
hensive report that displays, by location, profile, curvature, 
gage, crosslevel (or superelevation), warp, and rock and roll 
defects on one page. Normally several miles of track geometry 
defects can be displayed on one sheet. Curvature has replaced 
the alignment column which was listed and left blank in the ori
ginal integrated report. To date, it has not been possible to 
obtain consistent rail alignment data from the 14.5-foot capacitive 
sensor chord and to interpret it properly. Only one warp is shown, 
and this is based upon a user-selected warp distance. In Figure 
2-18, the selected distance is 31 feet. The second warp value 
originally displayed in the integrated exception report has been 
replaced by rock and roll. This, too, 1s based upon a user
selected frequency distance and is set at 19.5 feet in the example. 
A fact column has been added to the extreme right of the printout. 
This informs the user that the defect in question occurs in a tan
gent or in a curve, in a road crossing, or at a turnout. 
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INTEGRATED TRACK GEOMETRY EXCEPTION REPORT ACQUISITION 10!13/74 PROCESSED PAGE 8 

LOC X60 MILEPOST 632.0 - 625.2 

LOCATION : 60 TRACK NUMBER : 2 CLASS 2 THRESHOLDS 

PROFIL; A 14.5 ) 
THRESHOLDS IN INCHES --> ( • 0 l 

<fURVATHRE z.oo ) ,g,~2s, ~~~~~~~ WARP <sb&OFTl u. ) R+~ !~~&~FTl fACT 

NORTH SOUTH MAX D/A MAX OtA MAX 0/A MAX 0/A 

MP DIST MILE fEET RAIL RAIL DEG OisT EXC DIST Exc OlsT EXC DIST EXCEPTION 

• 626 -2528 6 2081 -.52 
c 

.. 626 -2666 6 2219 -s 6 -6 c 

• 626 -2699 6 2252 57.36 1 c 

• 626 -2740 6 2293 -s 7 -7 c 

• 626 -2760 6 2313 
E 6 -7 s c 

• 626 -2803 6 2356 -.ss c 

• 626 -2895 6 2448 57.28 12 c 

.. 626 -3011 6 2564 57.26 5 c 

• 626 -3!32 6 2685 57.38 41 c 

• 626 -3137 6 2690 
-6 7 -6• c 

• 626 -3154 6 2701 
E 7 -6 a• c 

• 626 -3156 6 2709 -.60 
c 

N .. 626 -3171 6 2724 
E -6 8 -6• c 

I • 626 -3195 6 2748 
6 -7 6* c 

N .. 626 -3275 6 2828 -.so c 

00 0 626 -3311 6 2864 -.69 
c 

0 626 -3371 6 2924 57.49 12 c 

• 626 -3739 6 3292 -.54 
c 

TRACK CHANGE :TRACK 2 TO TRACK 

.. 626 -3987 6 3540 ----SENSORS UP----
0 626 -4526 6 4079 ----SENSORS DOWN----

0 625 -123 6 4983 57.26 2 c 

0 625 -280 6 5140 -.so c 

0 625 -324 6 5184 57.33 2 c 
.. 625 -503 1 83 57.27 2 c 

.. 625 -S85 7 165 
-s 6 -7 c 

.. 625 -604 7 184 
E 6 -7 6* c 

.. 625 -626 1 206 
E -7 6 -6* c 

• 625 -669 7 249 -.so c 

.. 625 -1274 7 854 -.so c 

• 62<; -1609 7 1189 57.25 2 c 

• 625 -2641 1 2221 
CHANGE TO CLASS 4 THRESHOLDS 

PROFILE CURVATURE GAGE X LEVEL WARP R+R 

( oSOOl ( 1.0001 (S7.00) ( • 750) ( .7SOI I o500l 

Figure 2-18. Current Detailed Integrated Exception Report 



One mile summaries have been added to locate track sections by mile
posts and to show the number of defects in each parameter within 
that mile. Two exception levels are available and are user select
able. One might be termed a normal defect level, while the second 
might be considered a severe defect level. Severe defects shown 
in the summary listings are identified by stars in the detailed 
section of the report. An example of this summary portion of the 
report is shown in Figure 2-19. 

Most of the defects displayed in the Integrated Exception Report 
are not based upon FRA track safety standards. For many parameters 
they can be if the user so desires. The FRA track safety standards 
define minimum requirements for safety. The railroad industry 
should theoretically be able to maintain track at some higher 
standard. However, it is not practical to set defect levels as 
deviations from perfect track. While "critical" (within the con
text used here) defects cannot be ignored and must be identified 
and corrected for the safety of the trains, the maintenance-of-way 
officer has a broader responsibility to his company. He must 
determine that the dollars allocated for maintenance are spent 
where they are most needed and that the maximum benefit is ob
tained from the work done. The cost-benefit ratio required to 
maintain theoretically perfect track would be prohibitive. 

In practice, there are probably three general levels of management 
to which track geometry data reports should be directed. The first 
level is the track supervisor or roadmaster, who is primarily con
cerned with defects. Middle management (the division engineer and 
planning engineer) are not overly concerned with individual defects. 
Instead, they are more involved in the general quality of the track 
and the changes taking place in that quality. The geometry rating 
reports are directed to them. Upper management needs a report that 
can give a clear and concise picture of the condition of the track 
and changes in that condition. 
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ONE MILE SUMMARY EXCEPTIO~ REPORT ACQUISITION 10;13;74 PRoCESSED PAGE 

D~TA FROM MP640 yO MP607 TRACK NUMIER I 2 

PROfiLE CURVATURE GAGE X LEVEL WARP ROCK + ROLL 

NORTH SOUTH 

"'ILEPOST RAIL RAIL I31.0FTI (19.5fT) 

START END DyST CLS EXC sEv El<C SEV EXC sEV EXC SEV EXC SEV EXC SEV EXC SEV 

640 639 5331 3 I 13 411 2 

639 638 5'+23 2 3 2 121 6 

638 637 5077 2 2 281 

637 636 5341 2 I I I 184 

636 635 5350 2 82 

635 634 5292 2 1 142 

634 633 '5261 2 245 

633 632 5314 2 I I 29 3 

632 63} 4954 2 2 30 

631 63C 5167 2 
N 

I . 630 629 5160 2 I 1 59 2 

(.N 

0 . 629 628 5599 2 2 I 203 4 

t>28 !>27 5196 2 I J 25 2 

627 626 5341 2 I I 13 5 13 2 

T«ACK CrlANGE :TRACK 2 TO TRACK 

626 625 5307 2 10 59 9 5 

625 624 5290 2 2 2 7 4 2 

624 623 4770 4 I 8 

623 622 5285 4 I 47 5 

622 621 5309 4 3 36 8 5 1 1 9 5 3 

621 620 5087 4 

620 619 S401 3 2 

Figure 2-19. Current One Mile Summary of Integrated Exception Report 



GEOPLOT was developed for use by the latter two groups. The example 

shown here (Figure 2-20) gives a 2-year (or a two successive mea

surement run) quality rating comparison of gage, profile, crosslevel, 

and curvature. The ratings are displayed by miles, with approxi

mately 50 miles of track being displayed on one page of computer 

printout. A maximum of three runs can be presented on this plot. 

In order to output such a program, it was necessary to have quality 

rating values for each of the four parameters. Variance, or stan

dard deviation, was already available as a rating of gage. Track 

index had been developed as a rating of profile. But no rating 

systems existed for crosslevel and curvature. These were needed 

both for GEOPLOT and for investigations of quality changes. 

By applying the same general concept that is used to compute the 

profile index, crosslevel and curvature index values were programmed. 

In profile index the actual data sample value is compared to theo

retically perfect track, and the area under the difference curve is 

computed. In crosslevel and curvature index, the actual data 

sample value is compared to an average value. Differences between 

data sample and averages, when multiplied by the sampling interval 

and summed over a mile of track, give the index or rating value. 

COMPARE is the most recent program to be developed. It is an 

attempt to give a pictorial record of changes in track through 

the use of the comparative histogram. In the example (Figure 2-21), 

one set of data is represented by a "1", while a second set of later 

data is noted with a "2". Common points are denoted as dots. Track 

segments of various lengths may be examined, with changes being 

easily discernible. 

2.2 APPLICATIONS 

From its inception, the railroads have considered the track geometry 

study to be a research and development project. Even though the 

measurement cars had operated on the Northeast Corridor for several 

years and had been used elsewhere on occasion, they were new to the 

B&LE and the D&RGW. The results of the first measurement runs over 
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Figure 2-21. Typical Histogram Comparison Report 

tracks of these railroads were presented as strip charts and as 
profile and gage defect reports. These strip charts were taken 
into the field, and many of the more severe defects were located 
and verified before the track maintenance forces were given the 
data to use in making repairs. As a result, these people have 
accepted the system and its outputs with few reservations. Today 
they will ask when the next measurement run is scheduled, or what 
the last run might have indicated concerning a particular piece 
of track. They are convinced of the basic validity of the track 
geometry measurement system, and this proved helpful in developing 
acceptance of the project. 

One of the original requirements of the FRA geometry measurement 
cars was that they have the ability to test at speeds up to 150 mph. 
This stipulation necessitated the elimination of the contact sensor 
for measuring gage. As a result, the capacitive sensor was developed. 
Although these sensors do not make contact with the rail, their 
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proximity to the rail head makes them susceptible to damage, par

ticularly at road crossings, self-guarded frogs, and raised guard 

rails. Because they function on an electrical capacitive principle, 

water on the rail or on the sensor will tend to give faulty readings. 

The capacitive sensor, then, is definitely a fair weather type of 

instrument. All-weather sensors are presently under study by the 

FRA and will be field tested during 1975. 

Unfortunately, difficulties with the capacitive gage measurement 

system have hindered the development of gage rating techniques. 

At first "mean" gage appeared to be a promising rating value, but 

after two years of experience, analysis, and field checking it 

was found that the measurement system could not repeat gage accur

ately enough from year to year to allow for comparisons. 

Calibration errors, lipped or worn rail, and the nonlinearity of 

the voltage-gap curve in the amplifiers can give a probability 

of error in gage readings greater than the actual change in gage 

in the course of the year. This is not to say that the absolute 

value output for a gage defect is not valid. In reality it is. 

Experience over the last 3 years has shown that virtually all of 

the defects reported are real. 

For comparative purposes, gage "variance" has proved to be a more 

meaningful indicator of a general change in gage. Since it is a 

measure of the variation from average gage, it is not nearly so 

sensitive to calibration errors. An analysis of repeatability 

tests made with the measurement cars has shown that a change in 

the gage "variance" value of 0.0013 can be interpreted as a mean

ingful change in the gage of that section of track. One consid

eration in the use of gage "variance" as a rating value is the 

curve, or section of track, where the gage could conceivable widen 

uniformly. In such a case the "variance" value might not change 

because the "mean" and not the scatter of data 'about the "mean" 

had changed. 
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Use of the percentage level rating technique for gage has been 
hampered by the same instrumentation problems that developed in 
the attempts to apply "mean" gage for comparative purposes. How
ever, the calibration oriented shifts are somewhat more apparent 
in the percentage level technique. Continued study of this tech
nique is planned. 

Some of these problems will not be solved until the all-weather 
gage system is installed and field tested. But another change is 
being considered for the gage reports. At the present time, the 
reports do not consider tight gage, on the assumption that trains 
are safely passing over that portion of track and gage does not 
normally tighten. There appears to be merit in adding a column 
in the quarter-mile rating summary report to show a 0.5 percent 
value for gage data similar to the 95, 97, and 99 percent values. 
This would look at the extreme narrow portion of the distribution 
curve, and would satisfy safety requirements. 

To date, the exception reports have been used to correct gage de-
fects after each measurement run. They have also been used for 
several years to maintain safe gage on a light traffic branch line 
even though a tie deterioration problem is developing. Both the 
defect reports and the gage rating values have been successfully 
used to assist in the upgrading of another branch line for anti
cipated heavy tonnage increases. 

It has been possible to show progressive gage widening in a few 
isolated curves by comparing gage rating values over a period of 
several years. In this process there have developed indications 
that the mechanized tie gang may, in some cases, actually contri
bute to long range gage widening. The gage on a curve may slowly 
widen, either uniformly or in spots, up to 1/4 or 1/2 inch between 
tie renewal cycles. The tie gang is apt to renew ties without 
noting a change in gage. If such a set of conditions continues 
for several cycles, the roadmaster may suddenly discover a curve 
which has a l-inch-wide gage although the track is well spiked on 
generally good ties. 
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Location and correction of profile defects now require the use of 

the real-time exception printouts and the Integrated Exception 

Report. While this may appear to be a duplication of data, each 

report furnishes somewhat different information. The real-time 

exception printout indicates "critical" defects that need immediate 

attention. The Integrated Exception Report lists considerably more 

defects (many of lesser magnitude) as well as exceptions sorted by 

severity. A "critical" defect in the context of this paper does 

not mean an impending derailment, nor does it indicate a violation 

of the FRA track safety standards. "Critical" defect levels were 

established by the chief engineer as a statement of minimum accep

table track quality for his staff to follow. 

More progress has been made in the rating of track profile than iD 

any other parameter. Some of these rating values are in actual 

use today. The profile "index" value is one of these. Profile 

"index" values have been found to range from 600 to 2,000 square 

inches per quarter mile of continuous welded rail. On bolted 

rail on branch lines, "index" values can go as high as 3,500 square 

inches per quarter mile. An analysis of the repeatability tests 

made with the measurement cars has shown that a change of 125 or 

more square inches in the "index" from run to run can be inter

preted as a meaningful change in profile quality. 

The index value has also been found informative. A measurement 

run was made on the Hilliards Branch track (Figure 2-22) in the 

fall and repeated the following spring. Between runs the track 

was raised and lined from Milepost 5 to Hilliards. Changes in 

the computed index value showed an expected deterioration between 

Milepost 1 and Milepost 5. From Milepost 5 to Hilliards most of 

the track showed a definite improvement. However, between Milepost 

6 and Milepost 7 the track profile seemed to have become rougher, 

even though it had been raised. 
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Figure 2-22. Example of Track Index Value 
Application (Hilliards Branch) 

A discussion with the track supervisor for this territory revealed 

that surfacing actually began near Milepost 6 with the gang working 

toward Hilliards. They then returned and raised between Milepost 

5 and Milepost 6. This was the first use of the tamper since its 

winter overhaul, and problems developed in its electrical system. 

For the first several days of surfacing, production was low and 

the machine had a tendency to hump, or overraise, the track. The 

problem was corrected by the time the gang passed Milepost 7. 

Each fall the Track Department is given a list of quarter-mile 

track sections (Figure 2-23) with high index values, so that these 

sections can be smoothed before the winter freeze sets in. These 

sections are taken from the track "index" value summary reports 

which are sorted for severity. 
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Figure 2-23. Example of Track Segment List Used 
for Maintenance Planning 

The "track index" values and the "cumulative" slope values tell an 
almost identical story. Quarter-mile values (Figure 2-24) are 
plotted here for 3-1/2 miles of actual track. Index values are 
dark, and slope values are light. A correlation analysis of the 
two values has been made, and the results support the evidence 
pictured here. A further discussion of this correlation analysis 
can be found in Chapter 4 of this report. 

Presently, these "index" values are also being used by the mainte
nance-of-way department to locate and verify a significant portion 
of its annual surfacing program. They are also being used, par
ticularly in the spring, to determine quarter miles of track which 
need to be improved to the quality of the longer stretches on either 
side of them. 
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To date, profile defect and rating data have been developed by the 
capacitive sensor chord system. Thus it is not compatible with FRA 
standards. In its present state of development, the profilometer 
(selected as the replacement instrument for the capacitive profile 
system) appears to be speed sensitive and has exhibited some wide 
discrepancies between consecutive runs over the same track at dif
ferent speeds. However, recent tests indicate an early solution 
is expected. Once profilometer accuracy has been demonstrated, 
plans call for developing profile data from this system. However, 
rating values from the two systems are not entirely compatible, 
thus both systems will be required for a year or more to insure 
that comparable data are available over a period of three or four 
measurement runs. Because the profilometer can output data in 
terms of the FRA track safety standards, a major effort is being 
directed toward correcting its problems and verifying its outputs. 

-

' . -

Figure 2-24. Quarter-Mile Rating Value Comparison 
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Profile "index," slopes, and cumulative slope values are duplicate 

measures of track quality. At least one of them will probably be 

discontinued at some time in the future. All rating values are de

signed to reduce many data samples to one or two numbers. This 

condensation is mandatory for run-to-run comparisons and for summary 

reports to higher management. To some extent, this brevity may be 

paid for by an accompaning loss of some of the information. Each 

of these three values must be studied in much greater detail to 

determine which presents the greatest amount of usable data in the 

most concise form. 

At present the severe defects in crosslevel, warp, rock and roll, 

and curvature are taken from the Integrated Exception Report and 

checked in the field. Corrections are then made by the track 

forces. Experience has shown that the reported defects are valid 

imperfections that need attention. Even though the raw data were 

taken under load, a large majority of the defects can actually be 

seen by eye in the field if the investigator knows where to look. 

However, a track inspector would normally pass over many of the 

smaller defects without the use of the report. 

Aside from the crosslevel and curvature "index" values used to 

develop GEOPLO~, no rating values for these parameters have yet 

been devised. Crosslevel and curvature "index" values have yet 

to be verified and significant values of change determined. There 

has been no effort to output these values for the quarter-mile 

track sections for comparative purposes. This effort will be a 

future project. 

The curve definition portion of the curve analysis report is dif

ficult to validate. Not even an experienced surveyor can determine 

if a curve begins exactly at a given physical point. An ingenious 

method of validation was recently suggested. Although the length 

of curve and the degree of curve can be changed, the central angle 

for that curve does not change as the result of maintenance. It 

is established by the angle of intersection of the tangent on either 

end of the curve. 
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The central angles of all the curves in a rail line are known from 
the days when the railroad was built or from the data of the most 
recent line changes. If the central angles for a series of curves 
are computed from the data in the curvature analysis report, the 
amount of agreement with the known central angles of these curves 
is an accurate measure of the correctness of the report. Prelimi
nary work has been started in this area. 

But a number of valuable, longer range observations have already 
been made from curvature and crosslevel data. Instances of cross
level in tangents, while not of sufficient magnitude to be safety 
standard violations, indicate that the quality of production tamper 
raising may not be as good as has been assumed. This may be the 
result of equipment weakness, human failure, or both. Swings of up 
to 1-1/2 degrees with a definite periodic frequency have been found 
in isolated curves. Here the maintenance officers would not be
lieve that they existed until a set of stringline notes proved 
otherwise. This condition appears to have been the result of curve 
deterioration resulting from traffic. 

A study of the matching of superelevation with curvature, partic
ularly in the spirals, indicates that raising and lining techniques 
need some improvement. The point of full elevation often does not 
match the point of full curvature. The beginning point of the 
spiral does not always match the point of zero crosslevel, yet 
generally the spiral curve is smooth and the superelevation runout 
is uniform. It has been suggested that the lining machine, mea
suring curves ahead of the tamper and then struggling to keep the 
lining operation close behind the raising gang, cannot show the 
raising foreman the proper points for starting and ending super
elevation. Each foreman must use his best judgment in locating 
the proper points. 

The GEOPLOT program appears to be a very useful summary. The 
indices are based on statistical values which are relatively in
sensitive to possible instrument error. Since large-scale main
tenance programs are planned for at least one mile of track, any 
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errors in distance measurement would not be great enough to create 

a serious comparison problem. It gives a snapshot summary of the 

major parameters to the maintenance planning engineer. 

Because the COMPARE program is relatively new, its usage in prac

tical applications has been limited. Its chief benefit appears to 

lie in its ability to picture track geometry changes in a form that 

many people can readily understand. In its present form some of 

the values, particularly gage and profile, are quite sensitive to 

instrument error. The COMPARE program must lump longer stretches 

of track together to reduce the required paper to manageable pro

portions. Even then its output of sheets of paper is many times 

that of GEOPLOT. 

2.3 FUTURE CONSIDERATIONS 

It has been claimed that, given the tremendous amount of data 

developed in one measurement run, reports exceeding the length of 

the track being measured can be generated. In fact, one of the 

primary objectives has been to condense and simplify reports. The 

1971 gage defect report actually contained almost as many pages as 

all of the 1974 reports combined. Much has been learned about 

instrumentation, computer processing, and report generation. Much 

remains to be learned, but the project is well on its way to de

veloping useful measures of track quality as well as measures of 

change caused by service and/or maintenance practices and to pre

sent this information in a concise manner. 

The development of new modified track geometry instrumentation must 

be continued to permit the final development of effective mainte

nance-of-way planning techniques. The installation and verifica

tion of the all-weather gage system must be done before further 

progress can be made in the study of gage deterioration. Until the 

profilometer is modified and its output verified, profile defect 

data cannot be expressed in terms of the FRA track safety standards. 

The same situation appears to be true if rail alignment is to be 
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compared to federal standards. An alignometer, which is under de

velopment, appears to hold considerable promise in this field. 

This device would function much like a lateral profilometer. Under 

study is the possibility that an alignment standard's comparison 

program can be written for the existing alignment data. 

The programs that were discussed earlier are under continuing 

study and change. In this area the object is to output more usable 

information, reduce the amount of paper involved, reduce the cost 

of programming and data processing, explore the possibility of 

real-time processing of all data, and provide each level of manage

ment with the most useful reports. 

Particularly in the area of profile, some quality control value is 

already apparent in the rating summaries. Curvature and crosslevel 

still require the development of verified rating techniques. Some 

of these are already developed, but there is much more study needed. 

As of this time, no attempt has been made to develop any cost

benefit relation using the track geometry data. This aspect of 

the study is probably several years in the future. 

At present, there are limitations to the use of track geometry 

data. For example, it can never replace the track man. If track 

begins to deteriorate, the measurement system can tell where and 

in what parameters, but not why. A track man must look at that 

location and use his experience and judgment to determine corrective 

solutions. Sophisticated systems can only produce valuable infor

mation to aid in the decision making process. 

Track geometry is not an end in itself. The track structure is 

merely the stimulus which excites a dynamic response in the rail

road car. While some cars can develop undesirable dynamic reactions 

on poor track at low speeds, other cars can show dangerous excita

tion on relatively good track at higher speeds. As more is learned 

about the reactions of car suspensions to the stimulus of track, 

railroad safety will depend less on "operator judgments" and more 

on applied technology. The use of automated track measurement sys

tems should then result in safer and more economical railroading. 
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3.0 

MAINTENANCE INFORMATION REPORTS 

3.1 INTRODUCTION 

Post-run processing of digital track geometry data is performed 

to provide track maintenance information reports in a format useful 

to maintenance-of-way personnel. A number of different reports 

have been developed to evaluate track geometry data. They include: 

• Crisis Maintenance Report which highlights exceptions 
requiring immediate action (includes location and 
magnitude). 

• Detailed Exception Listing which provides detailed 
information on the magnitude of each exception (gage, 
profile, crosslevel, curvature, warp, or rock and 
roll) keyed to geographic location. 

• Maintenance Planning Report which presents information 
on the average quality of track sections in a manner 
useful for maintenance scheduling and for the evalua
tion of maintenance performance. This report lists 
track quality measures and contains summaries that 
rank sections of track according to quality. 

• Data Comparison Report which presents information 
useful for evaluating the rate of track degradation, 
the effects of specific types of track maintenance, 
and the performance of track maintenance equipment 
by means of (1) histograms for two sets of data which 
are superimposed to give vi~ual representation of 
differences in the measured segments of track, and 
(2) geographic plots where quality measures for se
lected track geometry parameters are used. 

These reports are used to present detailed maintenance information 

on gage, profile, curvature, integrated exception (a single report 

summarizing gage, profile, curvature, crosslevel, warp, and rock 

and roll exceptions), and integrated standards (a report summarizing 

exceptions to federal track safety standards). 
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Table 3-1 displays a list of all the reports tP~t are generated for 

maintenance planning. For each report the table shows which param

eters are analyzed and which reports are used by each level of 

management. 

3.2 GAGE REPORTS 

The Gage Program produces a multipurpose report which is oriented 

toward railroad maintenance activities. The report contains data 

for crisis maintenance, detailed exception analysis, and mainte

nance planning. 

The Gage Critical Threshold List (Figure 3-1) contains a summary 

of critical gage exceptions found during data acquisition. Critical 

gage thresholds can be predetermined in order to give the railroad 

user a list of exceptions which he considers critical. The list is 

not ordered by severity, but is merely a summary of anomalies en

countered. Each entry line includes information which is used to 

determine the geographic location of the exception (i.e., milepost 

distance) as well as the distance from the reference location. 

The Gage Priority Defect List, also called the Largest Exception 

List (Figure 3-2), is a one-page summary used for gage crisis mainte

nance. It lists the one hundred largest gage exceptions in order 

of decreasing magnitude. 

The purpose of these two critical exception reports is to provide 

the individual railroad user with sufficient information to determine 

where to concentrate spot maintenance efforts. 

Figure 3-3 illustrates the relationship between the strip chart 

recording of gage and the computer-generated gage exception listing. 

When a gage value exceeds a selectable low threshold, such as 57.00 

inches, a gage exception is indicated. If only a single value within 

a specified distance is in excess of this threshold, a single line 

entry will be printed. 
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Figure 3-2. Gage Priority Defect List Showing the 100 Largest 

Defects Sorted by Decreasing Order of Magnitude 
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REFERENCE 
LOCATION 

21 
COMPUTER GENERATED EXCEPTION LIST IN~ 

WIDE GAGE EXCEPTIONS ACQUISITION 30404- 2NI PROCESSED 05/01/73 PAGE 23 

LOC X08 STANDARDS 57.00 57.25W 57.50Wll! 57.75!1!!1!!1! 58.00!1!*** 

MP FEET TRK/LOC MILE FEET GAGE 0/A DIST ALD COMMENTS 

97 -1400 2 08 0 4082 57.04 2 

lle 97-1450 2 08 0 4126 57.12 START 

97-1450 0 4150 57.28llf 
97 -1550 0 4270 57.52llf ~ 
97 -1650 0 4330 57.6Bl1Hf MAX 

~ :;::::: 
0 4527 57.50*~'< 

0 4575 57.34* 
0 4637 57.08 511 END 

Relationship of Detailed Gage Exception Infor
mation and the On-Line Strip Chart Display 

EXC. INDEX 

3 

833 



If gage values within a specified distance ahead also exceed the 
low threshold, a group exception will be printed, grouping all ex
ception data ahead until no additional data exceeds the low thres
hold within the grouping distance. The final group exception entry 
contains all of the data printed for the single exception mentioned 
above, plus the word END in the Comments column. 

There will always be a START and MAX entry to indicate the beginning 
and maximum points of an exception group. In addition, there may 
be entries to indicate the change from one severity level to another. 

There is no distinction between wide gage and tight gage exceptions 
other than in grouping (all wide gage exceptions appear in one re
port section, tight gage exceptions in another) and in the direc
tionality of surpassing a threshold. 

The purpose of the Gage Track Segment Summary (Figure 3-4) is to 
display an analysis of the quality of the track in terms of the gage 
parameter. The method of analysis is to calculate various statisti
cal measures for each segment (normally one-quarter mile, unless 
otherwise specified). 

Each entry in the report represents a track segment. The distance 
information for mileposts and reference locations indicates the 
point at which the track segment terminates. For each segment, the 
mean and variance of the gage data are calculated and printed. In
cluded also is a distribution chart for all of the valid data within 
the segment. The latter is generated by setting six categories for 
the gage data and determining into which one each measurement falls. 
When all measurements have been categorized, the number of measure
ments in each category is presented as a percentage of the total 
number of measurements made in the segment. Thus each track segment 
entry in the report shows data percentages for each of the six levels. 
Three percentage values (95, 97, 99) are extracted from the distri
bution chart to give an indication of gage width within a given track 
segment. 
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roAc, srG~FNr su~~ARTFS 

1 ()( x99 ~P!56-~PI42,7 

TPArK SfGMf~T LENGiH = 13?0 FFET ( 

MP FfFi rOK/LOC ~ILE 

J~A -1600 l 9CJ 0 
l~A -?950 1 99 0 
l5A -4?5Q l 9CJ 0 
15~ -300 l 99 0 
155 -!AOO ! 99 I 
1~5 -?'l5n I 9CJ I 
15~ -425n l 99 I 

o lS4 -100 l 99 I 
C) !c:;4 -1600 l 9'l 2 
0 1 C,4 -?900 l 99 2 
o is4 -4?50 l qq 2 
0 151 -Jon 1 99 ? 
0 151 -14111"1 ) 99 0 

0 1~1 -?~'>00 ----- 1 99 1 

0 151 -?75·' 1 qq 3 
o !Sl -40Sf1 1 qq 1 
0 !:;::> -!5.1 qq 3 
~ J ~? -J4SA 9'> 4 
0 j Cj? -?7Cj;.., 99 4 
0 }t:;? -~1!'~ 'l9 4 

V-1 0 i~l -Jon 'l9 4 
I 

4lo lc;l -}4r,~ qq 5 
--1 

0 1 S:[ .... ?100 i 9'l 5 
0 lSI -4050 1 'l9 5 
0 l'?" -n 1 99 ~ 
0 15n -I 10n 1 99 h 
o 15 n -?<'>50 1. <l9 n 
o !S" -t=IS~ 1 9CJ " 0 140 -100 I qq n 
0 140 -1 ... s., .1 qq 7 
0 14':1 -?750 I 99 7 
0 1~0 -405f'l l 99 7 
0 !4R -Ion l 9'< 7 
o !4A -!400 l 99 A 
0 14• -?750 1 99 A 
0 14~ -40S6 1 9CJ A 
0 !4? -10,; l 99 ll 
• 14? -1450 ! qq 9 
0 14? -nsn 1 qq 9 
0 1 ~ 7 -4100 l 99 9 
o l4A ~IOQ l 99 9 
0 14~ -145n ! 99 10 . !46 -?750 ! 99 I 0 . 146 -4100 I qq I 0 

Figure 3-4. 

AC:rJUISITION 4!014-IEI PPOCESSED 01/13!75 PAGE 

PERCfNTAGE LEVfLS : I = R[l()lol 56, 75 ? = 56.75 - 57.00 
3 = 57,00 - 57,25 4 = 57.25 - 57.50 

546 SAMPLES! 5 = 57,50- 57,75 A = ABOVf 57,7'> TRK CLASS = 4 

ITEr MEAN VARIANCE PEPCENrAGE LfVFI S NO, I PERCFNrAGE vALUFS 
2 3 4 s 6 SAMPLES I 95\ 97\ 

I 
!319 56.34 .o093 100 0 0 0 0 0 546 I 56.49 56,51 
;>619 51'>.3? ,Q09R 1QO 0 0 0 0 0 546 T 56.4Q 56,50 
19SR 56.34 .oos7 100 0 0 0 0 0 54'> I S6,54 5A,56 
S27A 56.37 ·0064 tiio 0 0 0 0 0 546 T 56.sn 5'>.53 
!317 56,3! .0149 itio 0 0 0 0 0 54n I 56,49 5A,57 
?637 51'>,3) .0094 100 0 0 0 0 0 546 I 56,4A 56,51 
)95(, SA,37 ·0132 CJ9 I 0 0 0 0 546 I 56.51 56,61 
5276 5f>,6! .o533 72 24 4 9 0 0 546 T 56.99 57,02 
1 31 'i 5f>.44 .o539 Af\ 10 I 0 0 0 546 I 56,8A 56,93 
;>635 'il'>.3.1 ·0240 98 2 0 0 0 0 546 I 56.67 56.72 
1954 57,06 • 0 3 J7 4 32 so 1l I 0 546 I 57.35 57.38 
<;?74 'i6.59 ·0541 76 19 5 0 0 0 54n T s7.oo 57.11 
I .1 I 1 Sf-,51 o0587 79 19 I 0 0 0 546 I 51'>.9;:> 51>,95 

?512 CHANGFO TO CLASS 3 TRACt< 

;:>631 51>.95 .0761 ?? 33 36 7 0 3 546 I 57.34 57.45 
)'152 Sh,5n ,099R 74 I 3 II :1 0 0 546 I 57,21 57,24 
<;27? 56,7J ,0579 ~9 ?7 13 1 0 0 546 I 57.1.1 57,18 
I 3 I I 56,34 .0093 In 0 0 0 0 0 0 546 I 56,50 51>,53 
?631 <;6,7? .OA'i3 ~s 24 If> 4 0 0 546 T 57.24 57,29 
1950 ">1>,5] .o7so 79 14 7 0 0 0 54n T 57.0!, 57 oil 
">270 c;7,ol .o5R7 12 34 39 J? 2 I 546 I 57,45 57,51 
1309 sn.7? ,J lf-4 'i4 ?I 19 4 2 0 546 T 57.2A 57,42 
;>A;>'l 56.56 .ossR •2 13 4 1 0 0 546 I 57,03 57 ,J 5 
l94R 51'>,6? .0628 '-R 25 I> I 0 0 546 I 57,0S 57,13 
526A Sf>,89 , I 333 11 38 20 4 I 6 546 T 57,9.1 57,93 
1307 <;h,47 .049? R7 9 4 I 0 0 546 I 56,9<) 57,05 
?6?7 ">6.47 .0354 91 9 0 0 0 0 546 T 56,81 51\,84 
1941) 5~>.si ,029R 92 A 0 0 0 0 546 I 56.79 56,R4 
52Ah 5n,6n ,1331 '-2 15 I 7 'i I 0 546 I 57,2R 57,36 
I 305 56,64 ,!50R 59 16 20 5 0 0 546 T 57,25 57,30 
;>I>?<; 5A,4R .041.1 90 9 I 0 0 0 541> I 56.86 51>,90 
1944 56.24 .o 113 1 no 0 0 0 0 0 546 I 56,40 56,43 
5?1\4 56.5'l ·1030 A2 25 I? 1 0 0 546 I 57.09 57 .II 
!303 51>.49 .o660 R4 12 4 0 0 0 546 T 56,94 57.06 
?6?3 5f>.54 .o957 68 25 7 ! 0 0 546 I 57.04 57.10 
394? 56,7j .063A 56 31 I? I 0 0 546 I 57.12 57,18 
<;?<'>2 56,59 .o536 72 25 3 0 0 0 546 I 56,95 57,02 
!301 56.47 .Q290 'l2 8 0 0 0 0 541> I 56.80 5t,,85 
?621 51i.36 .0083 100 0 0 0 0 0 546 T 56.5? 56,54 
1940 56.44 .0090 100 0 0 0 0 0 546 T 56.6} 5(),67 
'i260 56,45 o0?21 95 5 0 0 0 0 546 I 56,75 56,83 
!299 56.77 .o733 ~3 20 23 4 0 0 546 I 57.2;> 57,29 
?619 56.7) .o672 60 23 IS ! 0 0 546 I 57 ,JA 57,22 
393A 56.51 ,Q496 R4 II 4 1 0 0 546 T 57.00 57,10 

Gage Track Segment Summary Showing an Analysis of 
Track Quality of Gage by Quarter-mile Segments 

99• 

56.~6 
56,55 
56,t>O 
56,<;8 
56,~5 
56,59 
56,71 
57. 10 
57,(14 
56,A2 
57,47 
57,?0 
'i7.n6 

57,75 
57,:11 
57,?8 
56,<;7 
57,19 
57 ,JB 
57,A2 
57 0 A0 
57,29 
57,?7 
57,93 
57;?3 
S6,Ar 
S6,CJ3 
57.~9 

57~~7 
57,oo 
56,<;5 
57,}6 
57,}9 
57,?4 
57,;;>7 
57,14 
56; 'l2 
56,(>5 
56,73 
56;<Jl 
57,42 
57,11 
57,;>5 



The value of this analysis is twofold. First, it is possible to 

quickly determine the relative quality of one track segment compared 

to another. As percentages in higher categories increase, the 

quality of the gage decreases. Second, when analyzing data from 

one run to another, it is possible to make comparisons of track 

segments in terms of the respective distributions of their gage 

me~surements. By doing this it is possible to determine whether 

the gage has widened appreciably in a specific area. 

Gage Histograms graphically illustrate the condition of gage by 

showing the distribution of gage measurements. Gage data histograms 

are presented with measurement percentages on the ordinate axis and 

incremental gage values on the abscissa. The sum of the measurement 

percentages totals 100 percent. Although calculation of the mean 

gage and other statistics can be performed from the histogram, its 

primary purpose is to give railroad personnel a graphic comparison 

of sections of track. As an example, there is little doubt of the 

relative quality of the track segments represented in Figures 3-5 

and 3-6. 

The Gage Program provides individual histograms for each reference 

location (normally about 5 miles of track) and a summary histogram 

for all of the data analyzed. 

3.3 PROFILE REPORTS 

The Profile Program produces a multipurpose report which is oriented 

toward different levels of maintenance activity similar to the Gage 

Program. 

The Profile Critical Threshold List (Figure 3-7) contains a summary 

of critical profile exceptions found during data acquisition. The 

thresholds can be predetermined in order to give the individual 

railroad user a list of profile exceptions which he considers cri

tical. The list is not ordered by severity; rather, it shows each 

critical anomaly that is encountered. 
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I XXXXIOtXX X 
I xxxxxxxxxx 
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1,0 - xxxxxxxxxxxx 
r xxxxxxxxxxxxxx 
I xxxxxxxxxxxxxxx 
1 xxxxxxxxxxu:xxxxx 
1 xxxxxxxxxxxxxxxxxxx 

~.n - xxxxxxxxxxxxxxxxxxxx 
1 XlXXXXlXXXXXXXXXKXXXX 
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I XX'UKXXKXXXXXX.X.XXXXXXO: 
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Figure 3-5. 

10,0-
I 
I XXX 
t l)()( 

t '()()(X 
Q,O - lXXX 

I 
I XXXII. 
I UXX 
I XXXXX 

8,0 • XXX)()!. 
I KXXXX 
I XXXXXX 
I Xll(XXX 
I XXXXXX 

1,0- XXXKXX 
I xuxxx 
I XXXXXX 
t xxxxxxx 
I XKXXJIXX 

6,0- xxxxxxxx 
t KXXXXXXX 
I XXXXXXXX 
I XlXXXXXX 
l xxxx:uxxx 

5,0- XXXXXKlXX 
I I[XXXXXXXX 
t xxxxxxxxx 
I XXXXXXKXX 
1 xxxxxxxxxxx 

4,0 - u:XXXXXXXXK 
I XXXKXXXXXXX 
I XXKlXXXXXXX 
1 XXXXXXXXXXX 
1 XXXXJIXXIlXXXX 

3,0- xxxxxuuuxx 
I XXKXXXXXXKXXIl 
I XXXXXXIlXX)(X)(J: 
I XXXkXXkkllXXIlX 
I XXXXUXUXXXX 

Z,O • kXk.lllllkllXXKXXX 
I XXXXXU'XIlXl()(kllk 
I XXXXXXXIlXklllllXX 
I XUKXIlXXXXXXXXll 
I XX.lkkKXXXIlXliXXIlX 

1,0- XXlUKXIlXXXXX)(XXXX 
I XXliXXXXXXXXX)(IlllliXX 
I xxliXXXIlXXXIlliXXIlllllX 
I XX)IXXXKXIlXXXXXXXXXXXX 
I XllXIlllXXXXKXKXIlllXXXXXXJCXX 

GAGE OATA HISTOGRAM 
!GAGE ¥<;, ~ERCOJT OCCURRENCE:) 

LOC XOO 

Track Gage Data 

-1 ---------1---------r---------1---------1---------r---------r---------t---------1 ---------I ---------1 56,00 'i6.20 56.40 56.60 56,.80 <;7,00 57.ZO 57.40 57.60 57 .. 80 58,00 

GAGE DATA HISToGRAM 
(GAGE VS. PEACENT OCCURRENCE) 

LOC llJJ 

Figure 3-6. Track Gage Data 
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oooooooooooooo••••••o••••********************* ALL EXCEPTIONS OVER .7SO THRESHOLD ********************************************* 
• FOR THE LOCATIONS INOICATED • 
• • 
• STANOARDS CI"'CHESI .375 .5oo• ,625°0 .750••• .875***• • 
• .. 
• BEGINNING AT LOC X06 • 
• SOUTH • NORTH • • MP FEET TRK/LOC MILE FEET PROFILE SEVERITY FACT PAGE .. MP FEFT TRK/LOCMTLE FEET PROFILE 5£VERITY FACT PAGE • • .. • • .. 191 4000 1 08 I 3845 -,75 .... GC 14 • .. .. 205 3t00 I 09 9 40 -.77 • •• GC 2? • • 22A 26<;0 I II 6 831 -,75 ...... G 37 .. • .. .. 229 1900 1 11 7 61 -.75 .... c 3R • • 261 300 I 1'5 7 SOlO -,78 ..... 59 .. .. 
• .. 270 5100 I 17 0 1237 -.77 ...... X 65 .. 
• .. 
• ENDING WITH LOC X20 .. 
• .. 
**********************************************·~················································································· 

Figure 3-7. Threshold List Showing All Defects 
(Set by Individual Railroad 

Profile Critical 
Exceeding a Critical 
User) Threshold. 



~--------

The Profile Priority Defect List (Figures 3-8 and 3-9), also called 
the Largest Exception List, contains three pages. The first page 
lists the one hundred largest profile chord offsets for the two 
rails. Pages two and three list the fifty most severe track seg
ments based on "index" (area under the midchord offset curve) and 
slope "changes." 

The defect detection scheme is the same in the Profile Program as 
in the Gage Program. When a profile value exceeds a selectable 
low threshold, such as -0.375 inch, a profile exception is indicated. 
Because profile anomalies are caused by low joints, and because low
joint information is of short duration, there is no analysis done 
for grouping exceptions (i.e., all exceptions are point exceptions). 
Each time an exception is encountered, it is printed out in the 
appropriate rail column along with additional information about 
geographic location and severity (Figure 3-10). 

Also included on the report page is a line entry for the segment 
summary whenever the appropriate amount of data has been analyzed. 
This summary presents data concerning the profile track quality 
of the segment and includes an analysis of the Index (area under 
the profile curve), Number of Slope Changes (abrupt change in 
profile value between adjacent samples), Mean, and Variance. 
These four quality measures are calculated for each rail. 

The Profile Exception Location Summary Report (Figure 3-11) lists 
all locations sorted according to Index value. The Index value for 
each rail is summed for all the complete track segments within each 
location. Once the numbers have been accumulated, the total is 
divided by the number of track segments to obtain the average Index 
value per segment. The locations are then sorted by the severity 
of the average index number. 

The purpose of this summary is to give an indication of the quality 
of track for track segments that average 5 to 10 miles. Planning 
can be developed for the maintenance of longer sections of track 
with this type of information. 
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oo~ou~uuuuuuou~uuooouooooooo~
ooooouooouo MOST SEVERE EXCEPTIONS - rHnRO OffSET ··•···••····•····•··•··•···•·•••·••••••••• 

LOC X06 - LOC X?O 
SOUTH 0 NORTH 

vp FFFT TRK /LOr MILE FffT PROFILE FACT PAGE 0 MP FFET TRK !LOC "'!LE FEET PROFILF FACT PAGE 

0 

0 

?61 100 1 IS 7 50!0 -.7A 59 0 ?05 1100 1 09 9 40 -.17 GC ?2 

>ze ?1',50 1 li 6 Fill -.75 r, 37 0 270 5100 1 17 0 1237 -. 71 X AS 

O,qR 9SO 1 20 1 45?7 -.72 G 76 0 )91 4000 1 OR 1 3845 -.75 GC 14 

;S9 l'iO 1 IS 6 11 A -.70 57 0 ?29 !900 1 11 7 61 -.7s c lfl 

l7R lAOO 1 07 7 5240 -.6R 8 0 ;>79 ~900 1 99 7 3285 -.7s GC 10 

>IR 4A00 1 10 <; 3673 -.67 X 32 0 ?07 !250 1 09 !0 3375 -.74 c ?3 

;Jzg 1R50 1 li 7 1'189 -.67 38 0 195 i 250 I OR 5 993 -.73 c 16 

JR4 <;SO I OR 0 IR9Q -.65 c 10 0 ?66 ?650 I If> 3 3653 -.7? A2 

?43 ??00 1 11 3 3?0 -.64 47 0 ?09 500 1 0'1 12 2591 -.1? GCX ?4 

>AI 400 1 qq R 3991 -.63 70 0 ?33 3000 1 1? 1 99! -.1? 42 

?9R 900 1 20 I 44PR -.63 G 76 0 ?29 500 1 ll 6 3939 -.71 18 

?34 4l00 I I? 2 2091 -.62 43 0 ?09 700 I 09 12 2787 -.71 GC ?4 

?50 ??00 I 14 5 959 -.6? 52 . ]72 4650 I 07 2 1323 -.7) 6 

?10 ?l50 1 I" 7 )J'i? -.6? 64 . ?12 1550 I qq 0 2044 -.7Q h7 

?12 1'i50 I 99 0 20?3 -.6! 67 0 211 1650 I 09 15 166 -.70 G ?6 

?30 1700 1 11 7 5104 -.60 39 0 164 !200 1 06 2 3461 -.69 c 2 

)I) 'i100 1 lti 0 4!0R -.6Q 30 0 ?29 4250 1 11 7 2400 -.69 19 

??9 4900 I I l 7 3041 -.6o 39 0 ?79 4700 1 qq 1 3089 -.69 c ?O 

21J 450 I 09 16 2141 -.60 21 0 211 }950 I 09 14 3771 -.61'1 c 26 

?11 3100 1 17 0 4596 -.60 65 0 ;>36 }300 I I? 3 4542 -.67 43 

?49 1"00 I 14 4 181 -.60 50 0 ?66 <;200 I 16 4 942 -.67 62 

?45 ?100 1 14 0 ll4R -.60 49 0 ?36 1750 1 1? 4 1730 -.66 44 

)93 1iioo 1 OA 3 741 -.60 15 0 ?07 4700 1 O<l 11 !56! -.6A c ?4 

Vl 0 ?13 R50 1 09 16 253? -.59 28 0 ?06 850 I O'l 9 JORO -.6<; G ?2 * 

I 0 ?33 1150 1 12 I 114R -.59 42 0 ?05 3200 I 09 9 1!7 -.65 GC ?2 

t-' 0 ?13 900 1 09 16 2S6R -.59 28 0 210 !350 I 09 !3 3!54 -.65 c ?5 

N 0 ?55 1',50 I j'; 2 1009 -.59 55 0 ?07 )450 I 09 !0 357! -.64 c ?3 

?I) 1150 1 09 16 2"15'1 -.59 X 28 0 224 j900 I II 2 7e -.64 c 16 

0>'10 "50 1 99 1 4111 -.59 70 . 194 400 I OR 4 159 -.64 c l5 

?z9 4400 1 ll 7 2574 -.59 39 0 ?29 4500 I 11 1 2632 -.64 ]9 

?61 ?iso 1 1~ 8 15~4 -.58 59 0 )84 1000 I OR 0 2349 -.64 c I 0 

0>99 5050 I 20 3 3479 -.Sfl r, 17 " ?06 ]350 I 09 !0 294 -.64 GC ~3 

]75 s.jso 1 07 5 lh09 -.58 1 0 ?88 ?400 I 1'1 0 2434 -.63 GC 74 

>?4 4A50 I 1 i ? 2AlR -.SA 36 0 ?53 1600 I IS 0 !692 -.63 c 54 

?22 1750 1 11 0 20RA -.SA G 35 0 ?53 ?450 1 IS 0 25'i2 -.6) c S4 

?>\9 14'i0 1 19 I 1470 -.Sfl G 74 0 ?25 850 I I] 2 4399 -.6;> GC 16 

0.3o I j 00 1 li 1 44AJ -.Sfl 39 0 ]70 i350 I 06 8 3640 -.62 5 

?13 1050 1 l? 0 4311 -.SA 42 0 )RO 1300 I 07 9 4866 -.6? c 8 

?!1 ?400 1 10 0 J?n -.57 29 0 ?24 1950 I 11 2 J5e -.6;> c 16 

>SO 1 A50 1 14 5 1>47 -.57 51 . ?29 ?250 I 11 7 373 -.6? 18 

~OR 1750 I 09 !? SAl -.57 X 24 0 ?49 1900 I 14 4 673 -.61 51 

;59 1qOO I 1~ 6 167? -.57 r,c 58 0 ?78 1300 I qq 6 1771 -.61 c 1>9 

?R9 1100 I 19 1 1351 -.56 G 74 " ?37 ?750 1 !;> 5 684 -.61 44 

?zq l900 I ll 7 20?'1 -.56 38 0 ??.9 4000 I 11 1 2127 -.6! 18 

)7? ?50 1 01 I 22!9 -.56 6 . ?48 3000 I 14 3 1802 -.6\ 50 

?42 ?<;50 1 11 2 6A;> -.56 46 . 163 4300 I 06 2 1253 -.6\ c I • 
?6n ]050 I If> 3 4059 -.56 62 • ?15 400 I 1o I 4652 -.6i X 10 

]84 1<;50 1 OR 0 4A79 -.56 11 * ?72 ;>950 I 99 0 1423 -.6! 1>7 * 
0>3S 4?00 I !;> 3 21Ah -.56 43 * ;>29 4500 I 11 7 2671 -.60 19 • 
tA3 4A50 I OA 0 A72 -.56 10 * \88 i600 I 08 4 24!3 -.60 c J3 

• 
oooooooooO~*****ooooooooooooooooooooo

oooooouoooooooooooooooooooooooooooooo
oo•••••******************************

****************** 

Figure 3-8. Priority Profile Defect List (Chord Offset) Showing 100 

Largest Profile Exceptions in Decreasing Order of Magnitude 



~~oo~ooooooooooooooooooooooo MOST SEVERE EXcEPTIONS - TRAC~ SEGMENT SUMMARY ................................. 
LOC X06 - LOC X~O 

RASED ON SEVERITY OF INDEX 

MP FE>T TRt</LOC MILE FEET INDEX SLOPE MEAN VAR PAGf 

?11 3RO 0 I 10 0 2639 2342 259 -.002 .0130 29 ? 11 )ROO l 10 0 2639 2;>73 253 .009 .0320 29 211 900 l 09 16 2607 2?73 243 -.003 .0342 2A 164 1700 I 06 ? 3954 2(?12 253 -.054 .o?93 2 211 5I 5o l 10 0 3958 2?03 217 ,002 .0?97 3o JA4 JlOO l OA 0 2639 2.142 224 -.021 .o;>95 10 ?OA 4150 l 09 10 1299 2t?2 222 -,031 .0279 23 211 5i5o I 10 0 3958 2Q97 217 -.ooll ·0?64 30 211 900 I 09 16 2607 2Q73 228 -,002 .0?77 28 214 1000 l 10 0 52711 2066 226 .001 .0259 30 ?07 !ROO l 09 l 0 3938 2060 197 -,OJ? .o?a3 23 229 4450 l II 7 2625 2Q34 214 -.010 .0211 39 zso ?500 I 14 5 1309 2QJ8 209 -,006 .o?1o 5? ?Ri\ ?50 I 99 7 3944 20!3 202 -.017 .0?76 70 I'll 4100 l OB I 3956 2009 178 ,005 .0264 14 ?11 2'i00 I 10 0 1319 I9A4 216 -.010 .0;>52 29 249 3R'i0 l 14 4 2631 1973 195 ,013 .0?68 51 ?'i'i 4900 l 15 2 5274 1954 195 -.025 .o;>42 5S lq'i 1600 I 08 5 1309 1946 190 ,023 ,Q;>35 16 ?'il 5?00 l 15 0 5278 1945 188 -.049 .o;>29 54 ?14 1000 I 10 0 5278 1944 213 -,001 .0?44 30 251 2'i50 I 15 0 2639 1937 191 -.031 .o252 5'4 " 217 2'i50 I 10 4 1311 1929 ISO -.oo5 .0?56 3;, V-l . 181 5300 I 08 0 1319 19?5 184 -.004 ·0?44 10 I . ??9 4450 I II 7 2625 1924 188 -,016 .o27s 39 f-J . ?0'\ 1700 l 09 9 3940 l9l6 186 -.010 .0?46 22 V-l . ?1? 3450 I 09 IS 5248 19i5 212 -.002 .o;>32 27 21? ziso I 09 15 3928 1909 183 .001 .o233 27 184 39'i0 I OB 0 5278 1901 168 -.011 .0?45 ll 21~ 3750 I 10 3 2633 1900 188 -.004 .o?3t 31 21? 2i5o I 09 15 3928 IA78 175 -.007 .0?34 27 ?'i~ 2500 I 14 5 1309 IA76 158 ,033 ·0?11 52 230 IA'>O I II 7 5?64 IA72 lBO -,009 .0?36 39 • t9'i 2900 I 08 5 26?9 191\7 168 .020 • o2I9 16 2'i'i 4900 I 15 ? 5274 I RIO? 181 -.012 .o;:>21 55 230 'i'iO I II 7 3944 IA42 160 -.007 ·0?31 39 ?4'i 2450 I 14 0 13!9 IR4l 149 ,001 .02ll 49 • 229 IA50 I II 6 5266 1841 178 -.019 • o?23 3~ 230 'i50 I II 7 3944 IA40 193 -.Oil .0;>26 3'l ;>5q ?~50 I !5 6 2627 1838 171 -,031 .0212 58 27? 1?00 I 17 I 2637 1830 202 -,001 .o221 66 249 5iso I !4 4 3950 18I8 171 -.002 ·0215 5i • 19? ;>50 I 08 I 5276 tills 142 ,019 .o?IO 14 • 201) 1700 I 09 9 3940 1Bt6 170 -.004 .o214 2? • !64 400 I 06 2 2635 I RiO 178 -,047 .OIBI I ?O'l 1800 I 09 12 3934 1809 !58 -.015 ·0217 25 ;>2q 'iOO I !I 6 3946 1793 177 .ooo .o211 38 • 200 4?50 I 09 4 13!1 1792 181 .oos ·0203 2Q • 249 5iso I 14 4 3950 1791 142 ,044 .ol76 51 207 soo I 09 10 2619 1791 184 -.019 .o2o4 23 
~O**~oooooo•oooooooooooooooooooooooooooooooooooo•oooooooooooooooooooooooo••••*************************************** 

Figure 3-9. Priority Profile Defect List (Track Segment Summary Index). A Similar List Can Be Prepared for Decreasing Values of the "Slope" Index Number. 



PROFILE FyALUATioN ACQUISITioN 4)009-IWI PROCESSED 12;20/74 PAGE 2 
I OC X06 ~PI61,8-~Pl70,5 STANDARDS <INCHES! -.37<; -.5oo• -.625'"' -.750*** -.875**•* 

TRACK NU~AER : I LOCATION NUMAER : 06 

- - EXCEPTIONS - - SOitTH - - SEG~ENT SUMMARY ( 13?0 FEET! - NORTH 
~p FEFT ~ILE FEET SOUTH NORTH oiST FACT INDEX StOPES MEAN VAR INOFX SLOPES MEAN VAR 

164 AOO 2 3036 -.52• 11 c .. IM A':;O 2 3094 -,38 58 c .. 164 900 2 3113 -,58<> 39 GC .. )64 1050 2 3304 -.41 c .. )64 11 00 ? 3345 -,39 41 c 
)64 I l 50 2 3370 -.42 24 c .. )64 1150 2 33A7 -,46 17 c .. 164 1200 2 3461 -.6ctoo 75 c .. 164 1100 2 355A -,40 97 c .. 164 1350 2 3S99 -,42 41 c .. 164 1f>OO 2 )ASS -.so G .. )64 1700 2 39S4 1614 147 -,034 .01S2 2233 2S3 -.054 ,0293 

.. 164 3000 2 5259 -.43 c .. 164 3050 2 5274 1?18 80 -.019 .0097 14?A 107 -.024 .0127 

(.N 164 3700 ) 644 -.49 

I 
.. 164 4QOO 3 951 -,38 

j-1 .. 164 4050 3 1031 -.42 80 
.p. .. 164 410() 3 1055 -.39 24 

164 4150 l 1313 1197 107 -·016 o0121 146A 120 -.025 .ol42 

.. )64 4400 3 1357 -.38 .. 164 4550 3 1500 -.47 .. )64 4600 3 1565 -.41 65 .. 164 49QO 3 1877 -.41 .. 16<; 400 3 ?633 1410 107 -.026 .0120 1531'1 116 -.051 .o135 

.. )65 750 3 2988 -.54* G .. )6'5 900 3 3162 -.45 .. 165 1150 3 3397 -.59<> c .. i65 1700 3 )952 }4?2 !27 -.0?3 ·0137 1469 12A -.030 .o132 

.. 165 2()00 3 4259 -.39 
165 2050 3 4296 -.43 36 .. 16<; 2450 3 4682 -.38 c .. )65 2!150 3 5096 -.55* G .. 165 2'100 3 5173 -.3R 11 .. 165 3000 J 5272 !554 !22 -.o29 .0146 167? 134 -.&33 .o1&B 

.. 165 Joso 4 4A -.47 .. 165 4!00 4 1063 -.38 

Figure 3-10. Detailed Profile Exception Report 



(.N 
I 

I-' 
U1 

•o•oooooooooooooooooooooooooeoeoooooooo LOCATION SUMMARY : LOC X06 - LOC X20 *******************••·················· • I • • I • • I AVr:i AVG TOTAL NUMBER Or EXCrPTIONS • • LOCATION NAME I INDEX SLOPES ABOVE THRESHOLDS I • • * I PER SEG PER SrG I 2 3 4 5 • .. 
I • 0 LOC XI7 I 3047 211 41 6 0 1 0 • .. LOC X09 I 2989 264 4 0 0 0 0 • .. LOC XO~ I 2960 216 51 12 2 l 0 • 0 LOC Xl"i I 2950 240 151 27 3 1 0 • .. LOC Xl'! I 2921 ?24 93 IS 0 0 0 • 0 LOC XlO I 2915 232 130 20 1 0 0 * * LOC XQB I 2821 219 92 14 2 0 0 • • LOC X09 I 2810 218 207 40 II 1 0 • .. LOC X06 I 2795 211 112 10 1 0 () • • LOC XI~ I 2728 ?05 42 5 1 0 Q • * LOC X 11 I 2628 198 135 40 5 2 0 • • LOC X1A I 2626 }76 59 7 0 0 () * 

.. LOC X99 I 2502 }79 74 15 4 0 0 • .. LOC Xl? I 2472 !68 66 16 3 0 0 • .. LOC X07 I 2382 }36 42 8 2 0 0 • .. LOC Xl6 I 2370 }50 59 II 2 0 0 .. .. LOC X20 I 2275 }38 58 10 2 0 () • • LOC Xl9 I 2014 75 10 3 l 0 0 * .. 
I 0 0 0 0 0 0 0 * .. 
I • ooo~ooo~o•~*ooooooooooooooooooooooooooooooooooooooooooeooooooooooooooooooooooooo•************************************** 

.. - EXCEPTION THRESHOLnS MAY VARY rROM LOCATION TO LOCATION 

Figure 3-11. Profile Exception Location Summary Report Ranking Locations by Magnitude of the Profile Index Value 



The Profile Track Segment Summary Report (Figure 3-12) provides a 

more detailed Profile Exception Track Segment Summary. Track seg

ments within each location are analyzed for severity of the index 

value. As with the Location Summary, the purpose of this section 

is to provide useful information for maintenance planning of larger 

sections of track. 

Like the Gage Report, the Profile Report also displays relative 

track quality by means of data histograms. These graphical displays 

indicate quality by illustrating the distribution of profile measure

ments. The report provides one chord offset data histogram for each 

reference location derived from data combined from the two rails. 

3.4 CURVATURE REPORT 

The Curve Evaluation Program produces a report based on curve defi

nition and FRA track safety requirements. It contains data similar 

to gage and profile reports for crisis maintenance, detailed excep

tion analysis, and maintenance planning. 

The Curve Evaluation Program generates four exception lists, with 

each one ordering the one hundred largest measurement exceptions 

in decreasing order of magnitude. The four measurements used are 

curvature, crosslevel, warp, and rock and roll (Figure 3-13). 

The main curvature exception report gives a geographically ordered 

accounting of curves and exceptions as they are encountered during 

data collection. Curves are broken down into spirals and bodies 

(constant curvature). Exceptions are noted for crosslevel curvature 

mismatch, reverse crosslevel, curvature, crosslevel, warp, and rock 

and roll (Figure 3-14). 

The detailed curvature exception list is divided into two sections: 

curve description and exception analysis (Figure 3-15). The de

tailed curve description completely defines each curve by location 

and magnitude, and gives point of spiral, spiral to curve, curve 

to spiral, and point of tangent, together with geographic location 

and overall length information. Also incorporated into the curve 

3-16 
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•••oo•oooooooooooooo TRACK SEGMENT SUMMARY FOR LOCATION : LOC X06 MPI61,8-MPI70,5 •••••••••••••••••••• 
• I • TRACK SEG"lENT = !320 FEET I EXCEPTION THRESHOLD LEVELS : I = .)75, 2 = .-.oo. 3 = ·625• 4 = .750· 5 = ·875 • 
0 I • • I NUMBER OF EXCEPTIONS I NUMBER Of EXCEPTIONS • .. SFGMfNT LOCATION DATA I SOUTH SOUTH ABOVE THRESHOLDS : I NORTH NORTH AAOVE THRESHOLDS : • MP FEET MILE fEET IN SfG I INDEX SLOPES I 2 3 4 5 I INDEX SLOPES I 2 3 4 5 • .. I I • 164 !1(10 2 3954 IOO I 1614 147 2 I 2233 253 II 2 1 • • 164 400 2 2635 100 I 1529 )30 2 I 1811 178 3 • • 169 1700 1 3944 100 I 1447 107 4 I 1733 113 2 • IM 400 4 2631 100 I 1463 129 I 1732 163 8 • 0 16A 43SO 5 1309 100 I 1724 175 5 1 I 1584 141 2 • IA6 11so 4 3950 100 I 1312 98 I I 17113 161 6 • }f>A 13QO "' 3946 100 I )563 !)5 I }702 16) 2 • l6S 30{)0 3 5272 100 I 1554 122 1 1 I }672 134 3 • 169 4300 A 1303 100 I 1577 120 2 I 1649 123 3 • • 169 350 1 2625 100 I )452 110 4 I 1635 142 3 • 167 5650 6 2627 100 I 1226 94 I 1606 145 4 • • 165 400 3 2633 100 I 1410 107 I 1538 116 4 • 169 3000 7 5264 100 I 1532 t24 2 I 1471 103 4 • 166 3050 4 5270 100 I 1421 115 I I 1511 130 • 162 42SO I 1317 100 I 1121 67 I 1506 123 2 • 
0 167 400 5 2629 100 I 1452 96 2 I 1499 109 3 • 
0 165 43')0 4 1311 100 I 1491 126 4 I 1211 81 • • lAS 1700 3 3952 100 I 1422 127 1 1 I 1469 128 1 • .. 164 4350 3 1313 100 I 1397 107 I I 1468 120 3 • .. 11)7 1700 5 3948 100 I 1328 89 I I 1467 100 3 • . 161 4350 0 1319 96 I 1431 121 3 I }216 81 • .. 164 3050 2 5274 100 I 1218 80 I 1428 107 1 • .. 168 3950 7 1305 100 I 1278 79 1 I 1428 106 1 • 0 162 1600 0 3958 1oo I 1427 84 1 I 1409 92 • 163 3000 I 5276 1oo I !338 109 2 I 1360 104 1 • 167 4350 6 1307 100 I 1347 105 I 1203 81 • 0 163 1700 I 3956 100 I 1056 41 I 1342 62 • I6A 2600 6 52A6 100 I 1162 78 I 1315 17 • 162 2950 0 5278 100 I 1111 58 I 1314 89 • .. 163 400 I 2637 100 I 1213 71 I 1304 76 .. .. IA7 JOoO 5 5268 100 I 1067 65 I 1303 90 1 .. 

170 350 8 2623 100 I 1194 83 I 1260 80 • 170 1650 8 3942 100 I 1111 59 1 1 I 1191 82 1 • .. 163 43<;0 ? 1315 100 I 1076 68 I 1160 73 l • 170 3000 8 5262 100 I 1019 48 1 I 1144 6i • .. 162 3()0 " 2639 90 I 825 31 I 1068 52 1 .. 
.. 0 170 3300 9 272 100 I 235 6 I 2~3 15 • .. I I • ***********************************************••··········································~····································· 

* = SEGMENT IS LESS THAN FULL TRACK SEGMENT 

Figure 3-12. Profile Exception Track Segment Summary Report. 
This Report Ranks Quarter-Mile Segments Within a 
Location by Magnitude of the Profile Index Value 
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****************9*•***************************** LARGEST CURVATURE EXCEPTIONS ************************************************ 
LOC X - LOC X • 

.. (BASED UPON MAXIMUM VALUE) .. 

.. LOC "p FEET '1!LE FEET CLASS MAX 0/A LEN PAGE .. LOC MP FEET MILE FEET CLA55 MAX 0/A LEN PAGE • 

.. .. • 

.. .. .. 

.. ?i' Jlil -415? R 260R 5 -1.25 19 7 .. 2il 361 -4949 8 3406 5 -1.25 2 8 • 

.. ;>R ]hi -493<; fl 3391 5 -1.23 4 7 .. 28 361 -4915 8 3372 5 -1.04 2 7 .. 

.. 28 31il -4RO? 8 3259 5 1. 03 2 7 .. 28 360 -911 8 4653 5 -1.02 2 8 • 

.. ?8 )I)} -3678 8 2135 5 -1.01 9 7 .. 28 361 -4125 8 2582 5 -1.01 2 7 • 

.. ;>8 31i0 -19] 8 3933 5 -.98 2 8 .. 28 360 -435 8 4177 5 -.94 2 8 • 

.. 2R 3hR -4000 I 2966 5 -.92 4 2 .. 28 361 -4210 8 2666 5 .88 7 7 .. 

.. ;>R 11'>1 -464~ 8 3097 5 -.88 2 7 .. 2R 361 -4118 8 2575 5 -.87 7 7 .. 

.. ?R 31)1 -4191 A 26SO 5 .86 2 7 .. ?8 361 -4942 8 3399 5 -.84 2 7 • 

.. ?A 11il -3688 A 2144 5 -.84 2 7 .. 2R ]64 -2506 5 1000 5 -.so 4 5 • 

.. ?8 3h0 -25! 8 3993 5 .so 2 8 .. 2B 364 -2511 5 1005 5 -.78 2 5 • 

.. ?A )1',} -491," 8 3423 5 -.78 2 8 .. 28 ]68 -3995 1 2951 5 -.78 2 2 • 

.. :>8 31il -1664 R 2120 5 -.78 2 7 .. 28 361 -5123 8 3580 5 -.78 2 8 " .. ;:>R 3"0 -31'l 8 4061 5 -.77 2 8 .. 2B 361 -4959 8 3416 5 -.76 2 8 • 
?P. 1"4 -;>49;> 5 986 5 -.76 2 5 .. 0 0 0 0 0 0 o.oo 0 0 • 

·~~~**************************************************************
**************************************************•············· 

Figure 3-13. Curvature Priority Defect List. The 
of List is Generated for Crosslevel, 
Rock and Roll Exceptions 

Same Type 
Warp, and 
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ACQUISITION 3110?-15? 
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PROCESSED 03/04;74 
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WEST 
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Figure 3-14. Detailed Curve Evaluation Report 

PAGE 8 

END OF EVENT 
LOCo niSTANCE 

MILE FEET 

0 14 
0 14 
0 19 
0 24 
0 24 
0 58 
0 97 
0 97 

0 106 
0 Ill 
0 186 
0 191 
0 215 
0 217 

0 237 
0 237 
0 237 
0 249 
0 249 
0 249 
0 273 
0 285 
0 295 
0 348 
0 353 
0 387 
0 401 
0 413 
0 413 
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display are statistics showing average superelevation, average 
curvature, and corresponding limiting and average speed information 
as defined by the following FRA Track Safety Standards equation 
which correlates curvature, elevation, and speed. 

vmax = 
~ E + 3 

0.0007d 
where E 

d 

v max 

elevation 

degree of curvature 
- maximum allowable 

speed 

The detailed curvature exception list defines six types of exceptions 
in terms of location, magnitude, and overall length (Figure 3-16). 
Crosslevel data are analyzed for possible crosslevel exceptions in 
tangent, spiral, or curve body areas. Warp is defined as the dif
ference in measured crosslevel over a specified "warp" distance. 
Each warp condition is checked for a possible exception. Also de
fined is a reverse crosslevel exception condition (known as "under
shoot" or "overshoot" at the start or end of a spiral). Another 
type of exception which is defined is rock and roll. This condition 
is determined by a difference in measured crosslevel over a speci
fied distance and by a change in slope from one difference to the 
next. 

Curvature exceptions are defined as those areas where curvature 
deviates from the average by more than a given threshold. The ex
ceptions are described in terms of magnitude and overall length. 

The last type of exception compares crosslevel and curvature data 
to define potentially dangerous areas of superelevation-curvature 
mismatch. This anomaly, in which curvature occurs before super
elevation, is defined by length-distance between the start of 
curvature and the start of superelevation, as well as by magnitude
superelevation required for the measured amount of curvature. 
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Summary information for curves is used in determining track quality 

and conditions of curves. Each entry into the Curvature Summary 

Report (Figure 3-17) represents each curve as defined in the de
tailed report. For each curve, all of the curve quantifying infor

mation is transferred from the detailed report along with information 

about the central angle traversed through the curve. An exception 
tally for each type of exception is also displayed for each curve. 

3.5 INTEGRATED EXCEPTION REPORT 

The Integrated Exception Program (INGRATE) incorporates data from 

different track geometry parameters into a single data reduction 

exception report. Whereas the three previously mentioned programs 

analyze individual parameters, INGRATE analyzes multiple track 

geometry parameters simultaneously and generates a multipurpose 

report. It contains data for detailed exception analysis and 

maintenance planning. 

The INGRATE program uses the same analytic techniques for exception 

detection as are used in the Gage, Profile, and Curvature Programs. 
The parameters analyzed for anomalies are gage, profile, curvature, 
crosslevel, warp, and rock and roll. The Detailed Integrated Track 
Geometry Exception Report (Figure 3-18) displays exceptions for each 

parameter, with the capability of displaying one or more exceptions 
simultaneously if they occur at the same location on the track. 
Each exception is defined in terms of geographic location, magnitude, 

and overall length. The primary importance of this report is that 
the detailed information contained in the three preceding reports 

are combined to allow the user to simultaneously observe anomalies 

for multiple track geometry parameters. 

The One-Mile Exception Summary Report displays the number of excep
tion samples for each parameter processed. Two columns are provided 
for each parameter. The first contains the number of exception 

samples per mile and the second presents the count of exception 

samples using a different exception threshold. Thus, in the summary 
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INTEGRATED TRACK GEOMETRY EXCEPTION REPORT ACQUISITION 10/13174 PROCESSED PAGE 8 LOC X60 MILEPOST 632.0 - 625.2 

LOCATION : 60 TRACK NUMBER : 2 CLASS 2 THRESHOLDS 

PROFILS ~ 14.5 I THRESHOLDS IN INCHES --> I • 0 I <[URVA~~RE 2.0 I <g'?2s 1 ~1:-~K~\- WARP <~A&OFT> 11. I R·~ !~Z&~Ff) FACT 
NORTH SOUTH MAX 0/A MAX OtA MAX 0/A MAX 0/A MP DIST MILE FEET RAIL RAIL DEG DisT EXC DIST EXC DIST EXC DIST EXCEPTION 

.. 626 -2528 6 2081 -.52 c .. 626 -2666 6 2219 
-s 6 -6 c .. 62b -2699 6 2252 57.36 7 c .. 62b -2740 6 2293 
-s 7 -7 c .. 626 -2760 6 2313 E 6 -7 5 c .. 626 -2803 6 2356 -.ss c 0 626 -2895 6 2448 57.28 12 c .. 626 -3011 6 2564 57.26 5 c .. 626 -3132 6 2685 57.38 41 c • 626 -3137 6 2690 
-6 1 -6• c .. 626 -3154 6 2707 E 7 -6 a• c .. 626 -3156 6 2709 -.60 c .. 626 -3171 6 2724 E -6 8 -6• c • 626 -3195 6 2748 

6 -7 6* c .. 626 -3275 6 2828 -.so c .. 626 -3311 6 2864 -.69 c .. 626 -3371 6 2924 57.49 12 c • 6?6 -3739 6 3292 -.54 c 
TRACK CHANGE :TRACK 2 TO TRACK 

.. 626 -3987 6 3540 ----SENSORS UP----.. 626 -4526 6 4079 ----SENSORS DOWN----

.. 625 -123 6 4983 57.26 2 c 0 625 -280 6 5140 -.so c 
0 625 -324 6 5184 57.33 2 c 0 625 -503 1 83 57.27 2 c 0 625 -585 1 165 -s 6 -7 c 
0 625 -604 1 184 E 6 -7 6* c .. 625 -626 7 206 E -7 6 -6" c 0 625 -669 1 ?.49 -.so c 0 625 -1274 1 854 -.so c " 62S -1609 1 1189 57.25 2 c 0 625 -2641 7 2221 

CHANGE TO CLASS 4 THRESHOLDS 

PROFILE CURVATURE GAGE X LEVEL WARP R+R 
( .5001 ( 1.0001 (57.001 ( .7501 ( .750) 1 .5001 

Figure 3-18. Detailed Integrated Track Geometry Exception Report. This Report 
Displays Exceptions for Each of Six Different Measurement Parameters. 



displayed in Figure 3-19, the first column under Gage shows the 

number of samples which exceed a 57.00-inch threshold, while the 

second column shows the number of samples that exceed a less strin

gent threshold. This allows two different analyses of the same 

section of track. 

3.6 INTEGRATED STANDARDS REPORT 

The Integrated Standards Program was developed to analyze track 

geometry data for exceptions to the track safety standards as 

defined by the FRA Office of Safety. Parameters are evaluated 

according to track safety standards in a detailed exception 

analysis and maintenance planning format. Besides the computer 

output, the program generates a file of information which can be 

subsequently used for a graphic display of the data. 

This program uses the same set of parameters as the Integrated 

Exception Program. However, curvature and rock and roll are not 

analyzed for exceptions (Figure 3-20). Curvature data are used 

for determining geographic location of track curves. Once the 

track type (tangent, spiral, curve) has been established, this 

information is used to determine which set of thresholds is re

quired for the analysis of the data. Profile data are taken from 

the signal of the inertial profilometer and converted to 62-foot 

chord information. Warp is evaluated for anomalies for distances 

between 2-1/2 feet (single sample length) and 62 feet. 

As with the other reports, each parameter exception is defined by 

geographic location, magnitude, and in most cases overall length. 

The length displayed for a warp exception represents the distance 

which has produced the maximum anomaly found in a 62-foot window 

area. 

As with the Integrated Exception Program, the Integrated Standards 

Program generates a one-mile exception summary which displays the 

number of exception samples for each parameter processed (Figure 

3-21). For each parameter, two columns provide the capability to 
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o~E MILE SUMMARY EXCEPTIO~ REPORT ACQUISITION 10/13/74 PROCESSED PAGE 
DATA FROM MP640 TO MP607 

TRACK NUMIER I 2 

PROFILE CURVATURE GAGE X LEVEL WARP ROCK + ROLL NORTH SOUTH 
"1ILEP0ST RAIL RAIL <31.0FTI (lq.SFTI START END DIST CLS EXC sEV E~C SEV EXC SEV EXC SEV EXC sEV EXC SEV EXC Sf:V 

t>40 639 'i331 3 I 13 411 2 
639 638 5«23 2 3 2 121 !> 
638 637 5077 2 2 281 

637 636 'i341 2 1 1 1 184 
636 635 5350 2 82 

635 634 5292 2 1 142 

634 633 5261 2 245 

o33 632 5314 2 I 1 29 3 
632 631 4954 2 2 3n 

631 630 5167 2 

~ o30 629 5160 2 1 1 59 2 
~ 629 628 5599 2 2 I 203 4 

o28 627 5196 2 I J 25 2 
627 626 5341 2 1 I 13 5 13 2 

TI<ACK CHA>JGE :TRACK 2 TO TRACK 

626 625 5307 2 10 59 9 5 
625 624 5290 2 2 2 7 4 2 
624 623 4770 4 

1 8 
623 622 5285 4 I 47 

5 

622 621 'i309 4 3 36 8 5 I I 9 5 3 
• 621 620 5087 4 

620 619 5401 3 2 

Figure 3-19. One-Mile Exception Summary Report. Report Displays Per Mile the Number of Exceptions/Severe Exceptions Found for Six Measured Parameters 
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INTEGRATED TRACK GEOMETRY SAFETY STANDARD REPORT 
LOC X60 MILEPOST 632.0 - 625.2 

ACQUISITION 41013-1E1 PROCEssED 2/7/75 

LOCATION : 60 TRACK NUMBER cLASS 4 TRAcK 

PROFILE ALIGNMENT 
THRESHOLDS IN INCHES --> !?oOOOl NOT OPERATIONAL 

NORTH RAIL SOUTH RAIL 
MP DIST MILE FEET MAX 0/A MAX 0/A 

o 62? -l300 10 379 
0 62? -1500 10 596 ----SENSORS DOWN----
0 622 -3000 10 2Q85 
0 622 -5150 10 4?24 
0 622 -5150 10 4257 
0 622 -5200 10 4284 
0 620 -550 11 4746 CHANGE TO CLASS 3 TRACK 

THRESHOLDS IN INCHES --> 
PROF~hE (2.2 ) 

0 619 -3150 13 2?12 CHANGE TO CLASS 5 TRACK 

PROFILE 
THRESHOLDS IN INCHES --> (1.250) 

0 619 -4200 13 )234 
0 619 -4200 13 3246 
0 619 -4200 13 3?61 

LOCATION CHANGE: LOC .59 MILEPOST 625·2- 617.4 

o 61R -4700 0 1750 
o 61R -4950 0 1999 

0 617 -4750 I 1762 

0 616 -3100 2 139 

GAGE 
(57.25) 

MAX 0/A 
EXC DIST 

57.44 2 

GAG~ !57. Ol 

GAGE 
(57.00) 

57.14 2 

57.26 17 

X LEVEL 
<lo250) 

MAX 0/A 
EXC DIST 

-1.93 2 

1.36 5 
1.98 22 

X-L~VEL 
(1. 50) 

X-LEVEL 
o.ooo> 

1.13 2 
1.14 7 
1.25 10 

-2.36 191 

WARP 
<1.250) 

MAX 
EXC LENGTH 

-2.12 31.4 

-1.36 60.4 

WARP 
(1. 750) 

WARP 
(1.000) 

1o10 60.4 

PAGE 2 

SPEEO!MPHl FACT 

0 s 0 

18 T 
39 T 
41 T 
41 T 

57 T 
57 T 
58 T 

43 T 
41 T 

18 T 

4) T 

Figure 3-20. Integrated Track Geometry Safety Standards Report. Report Displays all 
Exceptions to FRA Track Safety Standards for Five Measured Parameters 
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ONE MILE SUMMARY EXCEPTION REPORT ACQUISITION 41013-1E1 PROCESSED 2/7175 PAGE 2 
DATA FROM MP640 TO MP607 
TRACK NUMBEk : 1 

PROFILE ALIGNMENT GAGE X LEVEL WARP NORTH SOUTH NOT OPERATIONAL 
MILEPOST RAIL RAIL RAIL RAIL 

START END DIST OPCL CL1 OPCL CL1 OPCL CL1 OPCL CL1 OPCL CL1 OPCL CL1 OPCL CL1 

.. 622 621 5309 1 12 1 2 .. 621 620 5087 

• 620 619 5401 

• 619 618 5329 8 

• 618 617 5249 79 

.. 617 616 5280 

.. 616 615 5249 5 

• 615 614 4906 

• 614 613 5341 
2 

• 613 612 5341 

• 612 611 5191 
2 

• 611 610 5263 2 2 
• 610 609 5092 6 

• 609 608 5285 
19 

• 608 607 5263 15 43 
• 607 606 5309 

2 
• 606 605 5244 

• 605 604 5007 

• 604 604 1075 

TOTAL EXCEPTIONS 0 0 0 0 22 0 172 1 20 

Figure 3-21. One-Mile Exception Summary Report. Report Lists Per Mile the Number 
of Operating Class and Class 1 Exceptions for Each of Five Measured 
Parameters. 



look at the number of exception samples per mile for two different 

sets of thresholds. As an example, it is possible to observe the 

number of defects according to appropriate track class while at the 

same time determining how ma~y miles. of track need immediate mainte

nance because of the presence of exceptions exceeding Class 1 stan

dards. 

The One-Mile Class Summary gives information on compliance with 

safety standards once deviations have been located. The highest 

allowable operating class is displayed per mile for each parameter 

processed. Also printed for each mile is the operating class as 

set by the railroad and the overall limiting class as determined 

by parameter comparison with safety standards. Other speed infor

mation displays any restrictions found from the comparison of 

elevation and curvature on every curve within each mile. Figure 

3-22 gives an example. 

The Curve Summary (Figure 3-23), which shows the points of change 

from tangent to spiral and spiral to curve for each mile, is in

cluded as an aid in determining where curves have been located for 

changes in class standards. 

As mentioned above, one added feature of this program is that it 

has the capability for generating a graphic display of all infor

mation provided in the summaries. In Figure 3-24, the top four 

plots show the number of posted class and Class 1 exceptions for 

each of four parameters for each mile tested. The fifth plot dis

plays the railroad operating speed along with any limiting curve 

speeds as defined by the FRA Track Safety Standards. The last plot 

presents the operating class and the highest allowable class as 

determined by the severity of deviations for the parameters analyzed. 

3.7 DATA COMPARISON REPORTS 

Data comparison reports are used to provide relative comparisons be

tween different sets of track geometry data for higher level mainte

nance planning. Two programs (COMPARE and GEOPLOT) have been dev

eloped for this purpose. 
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ONE MILE CLASS SUMMARY REPORT 
DATA FROM MP640 TO MP607 
TPACK NUMBER 

MILEPOST 

START END D!ST 

b2l 

620 

619 

b1S 

617 

61b 

615 

614 

bl3 

612 

611 

610 

b09 

608 

620 

619 

618 

b17 

61b 

b15 

bl4 

b13 

bl2 

611 

b10 

609 

608 

607 

607 606 

bOb 605 

605 604 

604 604 

50S7 

5401 

5329 

5249 

52 SO 

5249 

4906 

5341 

5341 

5191 

52b3 

5092 

52S5 

5263 

5309 

5244 

5007 

1075 

PROFILE 
CLASS 

4 

3 

3 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

4 

4 

4 

4 

GAGE 
CLASS 

4 

3 

3 

5 

4 

3 

5 

5 

5 

5 

5 

5 

5 

4 

4 

4 

4 

ACQUISITION 41013-1E1 PROCESSED 2/7/75 

X LEVEL 
CLASS 

4 

3 

3 

5 

5 

5 

5 

5 

5 
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WARP 
CLASS 

4 

3 
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4 

4 

3 
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4 
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4 

4 

0/A 
TRK CLASS 

4 

3 
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3 

5 
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4 
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3 
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POSTED 
CLASS 
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5 
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One-Mile Class Summary Report. Report Displays 
Allowable Class for Four Parameters Plus the Overall Allowable Class 



CURVE SUMMARY 

DATA FROM MP640 TO MP607 

PAGE 11 

Mp DISTANCE LOC DISTANCE 

----------- ------------
FT MILES fT EVENT ----- ------------------------------

623 -1750 9 825 START SPIRAL UP 
623 -1850 9 912 START SUPERELEVATED SECTION 
623 -2050 9 1108 END SUPERELEVATED SECTION 
623 -2050 9 1108 START SPIRAL DOWN--NO COMPOUND 
623 -2150 9 1219 END SPIRAL DOWN--START TANGENT 

622 -1100 10 176 START SPIRAL UP 
622 -1200 10 270 START SUPERELEVATED SECTION 
622 -1300 10 362 END SUPERELEVATED SECTION 
622 -1300 10 362 START SPIRAL DOWN--NO COMPOUND 
622 -1450 10 545 END SPIRAL DOWN--START TANGENT 

622 -2700 10 1773 START SPIRAL UP 
622 -2800 10 1904 START SUPERELEVATED SECTION 
622 -2900 1o 1964 END SUPERELEVATED SECTION 
622 -2900 10 1964 START SPIRAL DOWN--NO COMPOUND 
622 -2950 10 2049 END SPIRAL DOWN--START TANGENT 

622 -5ZOO 10 4Z84 START SPIRAL UP 
6Z1 -150 10 4557 START SUPERELEVATED SECTION 
621 -zoo 10 4618 END SUPERELEVATED SECTION 
621 -zoo 10 4618 START SPIRAL DOWN--NO COMPOUND 
621 -450 10 4850 END SPIRAL DOWN--START TANGENT 

621 -4400 11 3528 START SPIRAL UP 
621 -4650 11 3748 START SUPERELEVATED SECTION 
621 -4750 11 3888 END SUPERELEVATED SECTION 
621 -4750 11 3888 START SPIRAL DOWN--NO COMPOUND 
621 -5050 11 4168 END SPIRAL DOWN--START TANGENT 

620 -1Z50 12 191 START SPIRAL UP 
620 -1500 12 430 START SUPERELEVATED SECTION 
6?0 -1900 12 819 END SUPERELEVATED SECTION 
620 -1900 12 819 START SPIRAL DOWN--NO COMPOUND 
620 -2150 12 1049 END SPIRAL DOwN--START TANGENT 

619 -4200 13 3Z61 START SPIRAL UP 
619 -4350 13 3379 START SUPERELEVATED sECTION 
618 -3000 0 39 END SUPERELEVATED SECTION 
618 -3000 0 39 START sPIRAL DOWN--NO COMPOUND 
618 -3100 0 169 END SPIRAL DOWN--START TANGENT 

Figure 3-23. Curve Summary Report. Report Gives Summarized 
Curve Information for Each Curve Encountered 
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Figure 3-24. Integrated Standards Graphic Display. Display Shows Operating Class and Class 1 Exceptions for Four Parameters. These are Combined to Show Posted 
and Safe Operating Class for Each Mile of Tested Track. 



The COMPARE Report provides a statistical comparison between two 

sets of track geometry data. Various statistical measures of 

each data set are included in addition to a histogram overlay plot 

and a Power Spectral Density plot of each data set. This data pro~ 

cessing program was developed to compare track geometry statistics 

and present conclusions in both graphical and tabular format. This 

analysis can be made with either one or two sets of data. Two sets 

of data are used to display a historical trend in the condition of 

the track (Figure 3-25). 

The histogram shows not only the percentage of measurements which 

have exceeded the exception thresholds, but also the percentage of 

measurements which are on the verge of becoming exceptions. It 

also shows how closely the measurements are clustered about the 

design value. 

Power Spectral Density (PSD) plots (Figure 3-26) are commonly used 

in the characterization of electrical signals varying randomly with 

time, as the area contained under the PSD curve between any two 

frequencies can be related to the total electrical power delivered 

by the random signal within that bandwidth. Similarly, the area 

between any two frequencies under the track geometry PSD curve is 

related to the dynamic energy delivered to a traveling vehicle by 

the track. Track geometry PSD's are useful both as track quality 

indicators and as inputs to dynamic models for vehicle response 

analysis because of the amplitude versus wavelength information 

content. 

Single data set histograms and PSD's can also be used to provide a 

graphical comparison of different types of track. The gage histo

grams and profile PSD's shown in Figure 3-27 are examples of the 

type of information that can be presented. 
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GEOPLOT is a data processing program used to compare data from his

torical test runs. The object of the report is to provide a visual 

display that will assist maintenance-of-way personnel in determining 

whether a specific section of track has degraded as a result of 

little or no maintenance or has improved as the result of maintenance 

actions taken between runs. Some railroads are using this report 

as a tool for evaluating the status of track maintenance and the 

effectiveness of maintenance equipment, and for determining the ex

tent of track degradation. Visual identification of changes in the 

condition of track over several years is a valuable feature of the 

report. 

The GEOPLOT Report produces a plot which displays up to four computed 

track quality measures from up to three separate test runs over the 

same trackage. The program overlays the data from the multiple 

surveys and displays the computer measurement on a mile-by-mile 

basis (Figure 3-28). 
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4.1 INTRODUCTION 

4.0 
SYSTEr1 VALIDATION AND 

QUALITY INDEX DEVELOPMENT 

Studies were performed under the Rail Research Program to promote 
better utilization of the data gathered by the FRA measurement 
cars and to investigate new methods and techniques for solving 
rail research problems. One of the most significant studies was 
an extensive track geometry system validation effort which veri
fied the accuracy of track geometry measurements. Other studies 
included efforts to examine the relationship of track geometry 
to ride quality; generate ride quality indices from track geometry 
data; and to study the repeatability of index generation. 

4.2 FRA TRACK GEOMETRY MEASUREMENT SYSTEM VALIDATION 
An extensive testing program was conducted to validate the track 
geometry measurement system installed on the FRA measurement cars 
to establish the accuracy and repeatability of measurements. Com
parisons were made between manual and high-speed electronic meas
urements of rail gage, crosslevel, profile, and alignment. 

The lack of a set of absolute reference standards made it necessary 
to include not only field tests of the systems, but also controlled 
laboratory tests of various components. The field tests permitted 
comparison of system measurements with manual measurements, as well 
as the evaluation of system repeatability under various operating 
speeds, car directions, and types of track. 

Analysis of field test results provided information on system per
formance, while the laboratory tests were designed to evaluate the 
operational characteristics of various components in an absolute 
sense. 
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System repeatability studies and comparisons with manual measure

ments were made by calculating point-to-point measurement differences 

and performing statistical analysis on the set of differences. A 

summary of the validation results is presented in Table 4-1. 

It should be noted that if the variances of the manual measurement 

and the electronic repeatability are combined, they nearly equal 

the variance associated with manual versus electronic measurement 

differences. This agreement supports the conclusion that system 

measurement is generally more accurate than manual measurement. 

The results provide estimates on the average performance of the 

measurement subsystems over a long section of track. Special 

local conditions may cause increased errors in the measurements 

at isolated points or segments of track. The effect of such 

conditions, including worn rails, joint bars, etc., is discussed 

in detail in the report entitled "Track Geometry System Validation 

Report," DOT-FR-73-08. 

4.3 RELATIONSHIP OF TRACK GEOMETRY AND TRACK QUALITY 

Track quality measures show the measurement of track degradation 

and the determination of maintenance needs. A number of measures 

were developed and investigated for reliability, repeatability, 

and significance, and the Bessemer and Lake Erie (B&LE) and the 

Denver and Rio Grande Western (D&RGW) railroads have studied 

several measures for use in maintenance planning. These track 

quality measures are derived from gage, profile, crosslevel, and 

curvature parameter measurements. 

A list of measurements and definitions is included in Appendix A. 

Those currently under investigation are: Standard Deviation, 

Slopes, and Index. Standard Deviation is calculated as the square 

root of the statistical variance, Slopes as the number of signi

ficant changes between two adjacent data samples, and Index as the 

area under the data curve. 
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TABLE 4-la 
SUMMARY OF SYSTEM PERFORMANCE DATA 

(). ()()!)" 11.275" 0.0<>5" 0 • .:: ;, 5" 
0.03.)" 0.250" 0.050 0. 2~ 5" 
0.0.-!5" 0.225" 0.035" o. zzo·· 

U.d3S" 0.045" 0. Olo 5" 
0.025" 0. 030" 

0.010" o.no5" 0.015" 

0.030" O.iJ35" 
0.020" 0.030" 
0.010" 0.015" 

TABLE 4-lb 
SUMMARY OF VALIDATION RESULTS 

Accuracy 
Maximum Electronic 
Range of System 
Measurement Repeatability 

GAGE 55.5"-61.5" :!;-0.025" 
PROFILE* +2" +0.025" 
ALIGNMENT* +2" +0.030" 
CROSSLEVEL +6.5" +0.030" -

'---·---

*Mid-chord offset using a 14.5-foot chord. 
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A number of experiments have been performed to investigate track 

quality measures. One of the investigations involved a test run 

on the B&LE Railroad to relate track quality indices to track 

ride quality as rated by two experienced railroad supervisors. 

The supervisors were asked to rate the quality of ride of each 

section of track measured, although neither the rating scale nor 

the exact meaning of "ride quality" was explicitly defined. Each 

section was rated by the supervisors as they rode the track geom

etry car over different sections of track during three days of 

testing, by using a scale of 1 (for excellent ride quality) to 

10 (for poor ride quality). Since railroad reported the numerical 

average of the pair of ratings for each section, no analysis was 

made on the degree to which the railroad supervisors agreed on 

their ratings. All of the track was continuously welded rail 

maintained for 45-mph freight operation. 

A computer was used after the test run to calculate a number of 

different track quality measures for each section of track based 

on recorded profile and gage measurements. These measures were 

then compared with the ride quality ratings made by the supervisors 

during the test run. 

Each of the measures calculated from profile measurements ranked 

the track in approximately the same order as that selected by the 

supervisors. The track geometry measure that best correlated with 

ride quality rankings was calculated by counting abrupt profile 

changes (changes greater than 0.1 inch between adjacent data samples). 

This measure, "Slopes Per Mile," exhibited an absolute average 

error of less than 10 percent and a maximum single error of less 

than 20 percent of the ride quality ratings assigned by the rail-

road supervisors. (See Table 4-2.) 

None of the measures calculated from gage measurements correlated 

well with the ride quality ratings. Gage apparently had little 

effect on ride quality, at least within the range of gage condi

tions found on the B&LE main line. 
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SECTION 
NUMBER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

TABLE 4-2 
DISTRIBUTION OF ABSOLUTE ERROR TERMS USING 

THE SIMPLIFIED SLOPES PER MILE RELATIONSHIP 

REPORTED ESTIMATED 
RIDE QUALITY RIDE QUALITY ABSOLUTE 

RATING RATING DIFFERENCE 

2.5 2.0 0.5 
4.0 5.3 1.3 
6.0 5.3 0. 7 
2.0 3.3 1.3 
3.0 1.9 1.1 
7.5 5. 5 2.0 
7. 0 5.6 1.4 
5.5 3.6 1.9 
2. 0 3. 2 1.2 
2. 5 1.7 0.8 
4.5 4.6 0.1 
4.0 3.9 0.1 
4.0 3.0 1.0 
4.0 6.0 2.0 
5.0 6.5 1.5 
4.0 3.9 0.1 
6.0 5.9 0.1 
5. 5 4.6 0.9 
2. 5 2. 8 0.3 
3.0 3.4 0.4 
5.5 6.8 1.3 
1.0 1.4 0.4 
2.0 2. 8 0.8 
1.5 2.9 1.4 

Av~rage Difference 0.94 
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Further information can be found in the report titled "Correlation 

Between Track Geometry Indices and Perceived Ride Quality," Report 

No. DOT-FR-73-15. 

A second experiment was conducted on the D&RGW railroad. Track 

geometry data were processed for many sections of trackage where 

known maintenance had been performed between successive track 

geometry surveys. Selected track geometry measures were then 

calculated for each mile of track in these maintenance control 

zones. Graphic presentations of the measures were used to enable 

the qualitative comparisons of the consistency and responsiveness 

of the measures to several maintenance levels. Figure 4-1 displays 

an example of the graphic presentation. In the figure six sections 

of track show the responsiveness of the Profile Slopes measure to 

the maintenance action of laying new rail. Various gage and pro

file measures were tested using three types of maintenance: new 

rail, spot raise, and skin lift. The results showed that Standard 

Deviation, Slope, and Index were the measures which were most con

sistent and responsive to different types of maintenance. 

The study of the correlation of track geometry indices to human 

judgment and known track maintenance improvements has shown that 

stable correlations do exist. Additional investigations will 

provide the basis for the evaluation of the usefulness of track 

geometry indices for track maintenance planning. Although it is 

not suggested that track geometry measurement cars replace the 

judgment of experienced supervisors, it does appear that such 

cars can be used as a tool by these supervisors to provide relia

ble and accurate measures of ride quality useful in the process 

of allocating major track maintenance. 

4.4 TRACK GEOMETRY MEASUREMENT AND MEASURES REPEATABILITY 

There are four major causes for differences in the track geometry 

measurements at any point along the track at two different times. 
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• Sample error--the track geometry is sampled at incre
ments of 2.41 feet during each test, so two measure
ments assumed to be made at the same point may 
actually be made at points up to 1.205 feet apart. 

• System noise--including random vibration of the 
sensors, round-off errors in digitizing, system 
noise and nonlinearity, etc. 

• Calibration errors. 

• Changes in the track geometry. 

The ability of the track geometry system to measure track degra

dation or change depends on the repeatability of the measurements 

and the indices calculated from the measurements. To check the 

repeatability of the system, four test runs were made over a 6-1/2 

mile section of B&LE mainline over a period of approximately 1-1/2 

hours. Since it can be assumed that the track geometry did not 

change during this test, the differences from one run to the next 

are an indication of the degree of repeatability of the measuring 

system. This test essentially eliminated the influences of cali

bration errors and changes in track geometry upon measurement 

repeatability. 

A preliminary analysis has resulted in an estimate of the magnitude 

of the other sources of error. These imply a confidence interval 

for individual point measurements which is as follows: 

TRACK GEOMETRY 
PARAMETER NORMAL 

Gage 56" to 

Profile -3/4" to 
(beam system) 

Cross level ±5" 

Curvature ±60 

RANGE 

57.5" 

+3/4" 

95% CONFIDENCE LIMITS OF 
INDIVIDUAL MEASUREMENTS 

±0.07" 

at 0" ±0.03" 
at ±3/8", ±0.07" 

±0.17" 

A similar repeatability analysis will be performed for the profilo

meter. This will allow comparison of the profilometer to the beam 

profile system, and will allow evaluation of the effects of different 

chord lengths used to calculate mid-chord offset. 
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5.0 
SYSTEM DESCRIPTION 

5.1 INTRODUCTION 

This chapter provides a nontechnical description of the track 
geometry measurement system installed onboard the FRA measurement 
cars. Data processing provides real-time computation and reporting 
of track geometry characteristics, and digital recording of both 
raw and computed data. 

5.2 BASIC SYSTEM CONCEPT 

The major subsystems and signal flow of the FRA Track Geometry 
Measurement System are shown in Figure 5-l. As shown, each sub
system is configured to measure, record, and display a particular parameter of track geometry. The parameters include: 

• 
• 
• 

Profile 
Alignment 
Gage 

• 
• 
• 

Cross level 
Curvature 
Location 

Each subsystem utilizes one or more sensors, signal processors, a 
digital computer, recording equipment for digital magnetic tape, 
and display equipment which provide on-line printout and analog 
reports. The components associated with each subsystem are dis
cussed in the following paragraphs. 

5.3 PROFILE AND ALIGNMENT MEASUREMENT SUBSYSTEM (Figure 5-2) 
Mid-Chord Offset (MCO) profile and alignment sensors are located 
in pairs at six locations on the two 14.5-foot truck-mounted beams. The sensors are arranged in pairs, and are located at the ends and center of each beam. The beams are situated so that the sensors 
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are 1n proximity to the top of each rail. Each sensor is connected 

in a capacitive feedback loop to an instrumentation amplifier insid'e 

the car. Each sensor amplifier produces an output signal that is 

proportional to the distance between the rail and sensors, which 

is dependent upon: 

• Vertical distance from the sensor to the rail 

• Lateral displacement of the sensor with respect to 
the rail 

MCO profile computations are based on the vertical distance from 

a pair of sensors (i.e., LOR, LIR) to the surface of the rail, 

while alignment computations are based on differences in lateral 

displacement of the two sensors which constitute a pair. 

A typical sensor pair is shown in Figure 5-3. The arrangement of 

sensor pairs on the two beams is shown in Figure 5-4. 

l·~::'l i l.F ~ 
,\:. T C\.'.~:·:-,; r 
~Ui>SYSTE~! 

I\L!.;TL\L 
PROf- T LO~-:)- '!'EI\ 

S!J!~.SYST[.\1 

GAGL 
SUBSYSTD! 

cnossr.rvn 
SURSYS rr·~l 

CIJR\'.\ T\JiU; 
S!J~:iYSTi:~-! 

.II.D 
SU:iSYSTf.:.l 

S IG~,\L 
DISTi~IBUTIO:\ 

A~r\LOll 

RECOI{lll SG 
f 

D!SPI.AY 

Figure 5-l. Track Geometry Measurement System Block Diagram 

Reproduced from 
best available copy. 
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Figure 5-2. Profile and Alignment Subsystem Block Diagram 

Figure 5-3. Typical Capacitive Sensor Pair 
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Figure 5-4. Location of Capacitive Sensors 
on Truck-Mounted Beam 

Rail curvature in the horizontal and vertical planes can be deter

mined using a mid-ordinate to chord measurement technique. This 

technique utilizes the displacement of the mid-point of an arc 

from the mid-point of the chord drawn between the end points of 

the arc as a measure of the curvature. As shown in Figure 5-5, 

if P1 and P3 are the end points of a chord and lie on the arc, 

then D is the displacement of the mid-point of the arc from the 

(P 2) of a chord, or D is the mid-ordinate to chord measure of the 

curvature of the arc. If P1 and P 2 
do not lie on the arc, then 

the mid-ordinate to chord measure (D) becomes: 

D = (a-b) + (c-b) 
2 

a-2b+c 
2 
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Figure 5-5. Mid-Ordinate To Chord Measurements 

Since the capacitive sensors on the FRA measurement car are non
contacting, this equation is used to compute the mid-ordinate to 
chord measure of the vertical (profile) and lateral (alignment) 
rail curvature. 

The signals developed by a pair of sensors are then combined to 
form one signal for front, rear, and mid-chord points. The ver
tical distance from the rail top to each capacitive sensor pair 
is a nonlinear function of the sensor output voltages. A bilinear 
function is used to closely approximate the calibration curves 
determined in laboratory tests. 

The three vertical distances measured by the three sensor pairs on 
each beam are then used to compute the mid-chord offset (MCO) for 
profile. Details of profile data processing are covered in 11 Profile 
Program Manual, 11 DOT-FR-73-05. 
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While the MCO measurement technique is an effective method of 

measuring rail profile, certain restrictions are imposed due to 

the characteristic frequency response of the system. The frequency 

response of the FRA MCO system is shown in Figure S-6. It can be 

seen that the response is null at wavelengths of 1/2, 1/4, 1/6, 

1/8 ... of the chord length, and double at wavelengths of 1/3, 1/5, 

1/7, 1/9 ... of the chord length. However, the profilometer exhi

bits a flat frequency response throughout the wavelength range of 

interest. For that reason, an inertial profilometer has recently 

been added to increas? the FRA Test Car profile measurement capa

bility. The inertial profile sensors (profilometers) are mounted 

on the car truck on each side of the car. The profilometers es

tablish an inertial reference and develop signals which are pro

portional to deviations from that reference. 

The profilometer is basically composed of a mass which is attached 

to a wheel of the test car through a spring and damper assembly 

(Figure S-7). The mass motion is restricted to the vertical direc

tion by low-friction guides. An accelerometer is attached to the 

mass, and a displacement transducer is connected between the mass 

and vehicle wheel (axle). 

~r/-~ 
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c -~ :. ' ' 
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Figure S-6. Frequency Responses of MCO and 
Profilometer Systems 
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Figure 5-7. Principles of Profilometer Operation 

As the vehicle moves along a track, the mass acts as an inertial 
reference in the vertical plane. Vertical displacements of the 
rail act as inputs to the profilometer, and are measured directly 
by the displacement transducer. Low-frequency inputs, which fall 
below the natural frequency of the profilometer mechanism, are 
measured by double-integration of the output of the accelerometer, 
and then adding the integrated signal to that developed by the 
displacement transducer. 

Due to mounting space limitations on the FRA measurement cars, 
the profilometer transducers are not mounted directly over the 
rails. Thus, the point of measurement (rail center) extends 
beyond the actual location of the profilometer transducer, as 
shown in Figure 5-8. This condition is termed "overhang," and 
is represented by distances B and C in the illustration. The 
signal produced by each transducer does not represent the true 
profile of the rail but, rather, is a scaled linear combination of 
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profile of both rails. As shown in Figure 5-9, actual profile 

(ZR and ZL) is always greater than the measured signals (ZRT and 

ZLT). This condition is corrected by compensation circuits con

sisting of operational amplifiers with gain characteristics set 

to provide the required output. A block diagram of the profilo

meter instrumentation is shown in Figure 5-10. 

LLT 

1 I 
LEFT PROF!LCl)lETER 

TRANSDUCER ZRT 

RIGHT PRGriLO.'IETER 
r- TRANSDUCER 

I ZR 

i._B -A 
Figure 5-8. Location of Profilometer Sensors 

Relative to Rail Center 

Figure 5-9. 

A 

Graphical Representation of Overhang 
Showing Left Rail High 
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Figure 5-10. Profilometer System Block Diagram 

5.4 GAGE MEASUREMENT SUBSYSTEM (Figure 5-11) 

The gage sensors, which are also capacitive proximity devices, are 
mounted in the shadow of the wheel flanges on the 14.5-foot truck
mounted beams. The sensors face the inside of the rails and measure 
at a point approximately 5/8 inch below the top of the rail. The 
signals produced are proportional to the distance between the face 
of the sensors and the inside of the railhead. The signals are 
then processed by signal conditioning amplifiers, and are routed 
through the analog terminal unit to the analog multiplexer of the 
digital computer. The data are sampled and stored in the same 
manner as the profile and alignment MCO signals previously discussed. 

The distance between the faces of the left and right gage sensors 
is referred to as faceplate distance (Figure 5-12). Therefore, 
addition of the implied distance from the right sensor to the right 
rail (RG), the implied distance from the left sensor to the left 
rail (LG), and the faceplate distance (FPD) provides the measure
ment of gage. 
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The two gage gaps are combined with the faceplate distance using 

the following equation: 

Gage = LG + RG + FPD 

The capacitance between the rail and the sensor 1s a nonlinear 

function of the distance between them. Therefore, a linearization 

process consisting of a five-degree power series is used to repre

sent the nonlinear relationship between the output voltage of each 

sensor and the distance (gap) between the sensor and rail. Details 

of gage processing are covered in "Gage Program Manual," DOT-FR-72-03. 
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Gage Measurement Subsystem Block Diagram 

GAGE SENSORS 

FPD-------

Figure 5-12. Measurements Used in Gage Computation 
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5.5 CROSSLEVEL MEASUREMENT SUBSYSTEM (Figure 5-13) 

The Crosslevel Measurement Subsystem measures the difference in 
elevation in inches, between the right and left rails. The subsys
tem consists of a self-erecting gyroscope, two displacement trans
ducers (linear potentiometers--one mounted on each side of the car), 
and analog circuitry to process the signals. 

The vertical gyroscope is the principal reference for the Crosslevel 
Measurement Subsystem. It is floor-mounted in Car T-3, above the 
"A" truck, and provides an output voltage which is proportional to 
the roll angle of the car body from absolute vertical. Since there 
is a fixed relationship between degree of inclination and crosslevel, 
only simple conversion and correction are required to obtain cross
level measurement directly. 

Since'the body of the car is free to roll through bolster action 
with respect to the truck, an angular correction is required to 
determine the roll angle of the truck. The two displacement trans
ducers are used for this correction, and are positioned to measure 
the difference in height between each side of the car body and the 
truck. Figure 5-14 shows the relationship of the gyro and trans
ducer locations. 

The crosslevel computer is an analog circuit which generates an 
output signal proportional to crosslevel. A positive output 
voltage denotes left rail high; a negative voltage denotes right 
rail high. The output of the crosslevel computer is input to the 
analog multiplexer of the digital computer. Digitized crosslevel 
data are stored for recording on magnetic tape and are directly 
displayed on a strip chart recorder. Figure 5-15 displays the 
crosslevel computer technique. 
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Figure 5-13. Crosslevel Measurement Subsystem Block Diagram 
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FG= LINE OF ZERO CROSSLEVEL 
EF= LINE OF GIVEN CROSSLEVEL 
EG= CROSSLEVEL 
CD= PLANE OF VERTICAL PROFILE 
AB= PLANE OF CAR rLOOR 

A 

Zl 

:_; I cl j 

F~==r=-~~ 
Crosslevel = (Z2+Z4)-(Zl+Z3)+KSIN8 

Figure 5-15. Crosslevel Computation Technique 

5.6 TRACK CURVATURE MEASUREMENT SUBSYSTEM (Figure 5-16) 

The Track Curvature Subsystem measures the curvature of track in 
degrees per 100 feet. The system employs an inertial rate gyro
scope to measure the yaw rate of the car, a speed signal from the 
Speed and Distance Processor, and two velocity transducers to 
measure relative yaw motions between the car and the trucks. 

The curvature signal is digitized and recorded on magnetic tape, 
and is displayed in analog form on a strip chart recorder to 
provide a visual display and permanent record of the measurement. 

5.7 AUTOMATIC LOCATION DETECTOR SUBSYSTEM (Figure 5-17) 

The Automatic Location Detector (ALD) subsystem is used to detect 
physical features which are unique to a particular section of 
track roadbed. The detected features are used to correlate track 
geometry data with specific physical location. The ALD sensor 
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Figure 5-16. Curvature Measurement Subsystem Block Diagram 

is located on a frame approximately in the center of the "A" truck 

on Car T-3 (Figure 5-18), and detects the proximity of physical 

objects in the centerline of the track roadbed. 

The ALD signal is s~nsed and recorded simultaneously with the track 

geometry data. The signal is then digitized, displayed on a strip 

chart recorder, and stored on magnetic tape (Figure 5-19). 

There are several types of ALD indications displayed on the strip 

chart recorder. These are as follows: 

MILEPOST: Indication that appears as a small negative 

pedestal when initiated by the control operator. 

LOCATION: Indication that appears as a positive signal 

excursion superimposed on a computer-generated 

pedestal. The positive pedestal is initiated 

by the control operator. This indication is 

used to locate a specific geographic position 

on the track. 
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ROAD CROSSING 
and TURNOUT: 

Indications that appear as positive signal 
excursions on the ALD trace. The two are 
differentiated by the shape of the waveform. 

In planning a test run, objects such as road crossings, turnouts, 
etc., are assigned three-digit codes. As these objects are 
approached during a test run, an identifying code is entered in 
the remote control unit by sequentially depressing the three 
numerical digits of the code. As the object of interest passes 
under the leading vehicle, the code is keyed into the computer. 
When detection of the object is made by the ALD sensor, the code 
is recorded on the digital tape. 
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Figure 5-17. ALD Subsystem Block Diagram 

Figure 5-18. 
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Figure 5-19. Typical ALD Strip Chart Trace 

5.8 SPEED AND DISTANCE MEASUREMENT SYSTEM 

An optical tachometer, chain-driven by the car axle, produces one 

thousand pulses during each revolution of the train wheel. The 

pulses produced by the tachometer are counted over a fixed time 

interval by the speed and distance processor to indicate instan

taneous vehicle speed, and are accumulated by the same unit to 

indicate total distance of vehicle travel. The speed and distance 

processor provides the primary timing signals which control data 

acquisition, computer sampling, and data recording. Speed and 

timing signals are also distributed throughout the entire track 

geometry measurement system where measurement functions are re

lated to vehicle speed. A functional block diagram of the speed 

and distance subsystem is shown in Figure 5-20. 
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5.9 ANALOG DISPLAY SUBSYSTEM 

The Analog Display Subsystem consists of two strip chart recorders, 
associated preamplifiers, and data channel selection equipment. 

The analog signal from each measured track geometry parameter can 
be displayed on a strip chart recorder to provide a real-time 
visual display and a permanent record of data in an analog form. 
The eight-channel recorder resides with the computer and associated 
data acquisition units to allow for monitoring incoming geometry 
data (Figure 5-21). The movable six-channel recorder is placed in 
the rear vestibule of the final car in the consist to allow visual 
correlation between strip chart data and significant track features 
by railroad personnel during a test run. 
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Figure 5-21. Track Geometry Computer System 
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5.10 DIGITAL RECORDING SUBSYSTEM 

The Digital Recording Subsystem records all pertinent track geom
etry data in digital form on magnetic tape to provide a permanent 
record, and provides data for off-line processing on a large comp
uter system. Such off-line processing results in reports and data 
tabulations for further analysis of specific aspects of track 
geometry. 

As track geometry data are measured, the primary measurement sig
nals produced are analog voltages. The analog voltages are scanned, 
digitized, and stored temporarily in the digital computer. When 80 
scans of data have been digitized and stored, the data are then 
transferred to magnetic tape in a complete block. One scan of data 
is initiated by each block distance pulse, which is supplied by 
the speed and distance processor each 2.41 feet of vehicle travel. 

A maximum of 32 channels are used as analog inputs to the data 
collection system. The channels are digitized before being input 
to the computer. 

Fifteen of the analog inputs are committed to proximity sensors 
of the measurement system; twelve channels are assigned to the 
profile and alignment sensors; two channels are assigned to the 
Gage sensors; and one channel is assigned to the ALD sensor. 
Five additional signals, including crosslevel, curvature, speed, 
and left and right inertial profile, are also input to the com
puter. The remaining channels are available for special test 
data collection needs. 

5.11 ON-LINE REPORTS 

The Track Geometry Measurement System presently generates three 
separate types of reports for operating personnel and has the 
capability of supplying additional types of reports as required. 
The following reports are presently provided. 
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The Exception Listing Report (Figure 5-22) contains information 

on track geometry parameters which exceed a predetermined range of 

acceptable values. The first, last, and maximum variations in 

excess of acceptable limits are printed and marked with respect to 

the last milepost and distance in feet from that milepost. The 

report also includes a summary of the mean and standard deviation 

of the values since the last summary, and an index value associated 

with each value. The index value is proportional to the product of 

the variation from the mean multiplied by the length of variation. 

D<CEPTION LISTING REPOPT Pl'iGE >3:13: 

MILE LEFT LEFT RIGHT RIGHT CF.:OSS 
POST FEET Cot·1t·1ENT PF.:OF I LE ALI GW·1Et-JT PROFILE i'iL I GNt·1ENT LEVEL GAGE 

002-235:1 MAXIMUM 
002-2361 END 
002-2387 START 
0€12-23:37 t·1A~H~1Ut'1 
>X12-23:90 END 
(1(12-23:90 STAF.:T 
(1(12-2414 START 
0132-2414 t·1A~H~1Ut'1 
002-2416 END 
002-2416 NAXIMUN 
€1(12-2423 END 
(HJ2-2426 STAF.:T "-' 0. 56 
002-2426 START 
00~:-2426 STAF.:T 
08~-2426 NAXINUM - 0. 56 
0~2-2428 END - a 34 
002-2426 NAXINUN 
0€12-2428 Hm 
0>32-2428 ~1A)< I ~1U~1 
002-2450 END 
0>~12-2457 STAF.:T 
>302-2457 t·1A>< I t·1U~1 
>302-2460 END 
>3€12-2484 START 
(1132-2484 MA)< I ~1Ut·1 
(1€12-24::::9 END 
(1(12-2452 START 
01:':12-2489 STAF.:T 
0>32-2493 START 
002-2493 MAXIMUM 
002-2496 END 
002-2491 MAXINUN 
>:::n::;;:-:-25>36 END 
0~2-245? SEVERE 
0(:12-2472 END 
002-2489 START 
€102-2525 START 
(102-24 91 t1A:,.~ U1Ut·1 
(102-2493 END 
002-253:0 t1A)<It1Ut·1 

Figure 5-22. 
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Typical Exception Listing Report 
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GAGE: 

--- --- - ------

X
l 

n 

APPENDIX A 
TRACK QUALITY MEASURES 

Gage in inches at point i on the 
track 
Number of gage measurements made 
over section of track 

1. Mean: 

2. 

1 n 
Mean == .:!:.. I 

n. 1 l::: 

X. 
l 

-
X 

Standard deviation: 

Standard deviation 

where 
1 n 

variance [ I 

::: 

n-1 i==l 

[variance] 1/ 2 

- 2 1 (x.-x) ] ::: 

n-1 l 

3. Slopes: 

4. 

n 
Slopes == I F(xi) 

i==l 

Where F(x.) == 0 
l 

::: 1 

Index (-) : 
n 

if lx--x- 1 1<0.1 l l-

if I X- -X- 111:0. 1 l l-

Index (-) ::: I [F(x.) ·SI] 
l i==l 

Where F (x.) ::: 

l 
x. -

l 
56.5 inches 

SI Sample Interval ::: 2.41 

A-1 

n 
[ I 

i==l 

feet 

2 -2 (x.) -nx ] 
l 



5. Index (0): 

Index (O) = 
n 
L: 

i=l 

Where F(x.) = 0 
l 

[F(x.)•SI] 
l 

if xi~56.5 inches 

x.-56.5 if x. >56.5 inches 
l l 

SI Sample Interval = 2.41 feet 

A histogram of gage data is used for calculating the 

5% Lt. and 5% Rt. measures. 

til 
<1) 

u 
~ 
<1) 

i-< 
i-< 
;:::l 
u 
u 
0 

o\O 

5% Lt. 5% Rt. data value 

6. 5% Lt.: 

5% of the gage data lies below this gage value. 

7. 5% Rt.: 

5% of the gage data lies above this gage value. 

PROFILE: 

x. 
l 

n 

1. Mean: 

Mean = 1 
n 

Profile in inches offset from 
14.5-foot chord at point 1 

on the track 

= Number of profile measurements 
made over section of track 

n 
L: 

i=l 
x. 

]. 
X 

A- 2 



- ----- -- -------~---------

The Informative Message Report lists Forward Observer commands, 
information related to tape starts, parity errors, and location 
detections. The report also lists abnormal sensor voltages and 
extreme track geometry parameter exceptions. Each message entry 
on the list is tagged with the last milepost number and the 
distance in feet from the milepost. 

The Urgent Message Report is designed to inform operating personnel 
of unusual, abnormal, or extreme system operating conditions. Such 
conditions include abnormal sensor voltages, abnormal voltage 
changes, and extreme geometry exceptions. 
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2. Standard deviation: 

Standard deviation = [variance] 1/ 2 

Where: 

1 n - 2 1 n 
2 -2 variance = n-1 L: (x.-x) 1 n-1 L: (x.) -nx ] 

i=l l 
i=l l 

3. Slopes: 
n 

Slopes = L: F (x.) 
i=l l 

Where: F (x.) = 0 if lx.-x. 1 \<0.1 l l l-

1 if I X • -X . 1 I ::o . 1 l l-

4. Index: 
n 

Index = L: [F(x.)·SI] 
i=l l 

Where F (x.) 
l lx-1 l 

SI = Sample Interval = 2.41 feet 

Histogram of profile data is used for calculating the 
5% Lt. and 5% Rt. measures. 

5. 5%Lt.: 
5% of the profile data lies below this profile value. 

6. 5% Rt. : 

5% of the profile data lies above this profile value. 

7. SIGMA= Measured value of profile corresponding to 0.26% 
on the cumulative histogram. 

8. DM/0.375 =Average number per mile of profile me~::;urc·c,~t: 
less than -0.375 inch. 
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