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1.0 INTRODUCTION AND OVERVIEW

1.1 PURPOSE OF PROGRAM

In 1971, FRA started a joint Government/Industry Maintenance-
of-Way (MOW) Program to develop maintenance planning techniques
based on automated track-geometry-measurements. The objectives

of the program have been:

° To develop methods that can produce
quantitative track rating information.

° To develop measurements of changes in
track quality.

) To establish a mathematical basis for
track maintenance planning in the areas
of critical and programmed preventive
maintenance.

1.2 BACKGROUND

In 1967, the Federal Railroad Administration started a research
program to develop an automated track inspection vehicle. The
goal of the program was to improve the safety of the country's
railroads by assuring that track was able to meet its func-
tional requirements as defined by a set of geometric para-
meters. The functional requirements of track can be defined
as the ability to support passenger and freight service safely
at reasonable speeds without causing physical discomfort to
passengers, damage to freight or derailment. The FRA Office
of Safety developed Track Safety Standards which established

a set of requirements based on track geometry. The track
geometry standards set requirements for gage, alignment,
surface, elevation of the outer rail and speed limitations

for curved track. This research program resulted in the
development of a fleet of automated track-geometry-measurement
vehicles to verify industry compliance with safety standards.

The MOW Program provides information on specific sites

indicating whether the participating railroad is complying

i=1



with Federal Track Safety Standards, and with the more
stringent requirements set by the railroad. The program also
provides Figures of Merit for segments of track which are used

in planning the yearly preventive track maintenance activity.

1.3 INDUSTRY PARTICIPANTS

The rail-industr& participants in this program have been the
Bessemer and Lake Erie (BGLE) Railroad and the Denver and

Rio Grande Western (DGRGW) Railroad. The BGLE has been
surveyed for track gebmetry semi-annually in the spring and
fall while the DGRGW has been surveyed in the fall during

the period 1971 through 1978. The B&LE surveys were conducted
on their 200-mile main line and most of their 40 miles of
branchline. The D§RGW surveys were conducted on their 1,000-
mile main line.

1.4 SUMMARY OF THE FIRST TECHNICAL REPORT

The first report® published under this program in March 1975

was the result of four years of effort to format data so that

it could be evaluated by railroad personnel. It describes the
early track geometry instrumentation, the initial MOW reports
and the MOW reports as they existed in 1975. The capacitive
proximity sensing system was sensitive to mositure and not
usable in inclement weather. The problems encountered with

the track-geometry-measurement instrumentation have led to
significant improvements. The initial MOW reports were

produced for each track geometry parameter. Each report
contained information required by management for planning purposes
and by maintenance personnel for correcting critical defects, It
was evident that data in this format was unmanageable. Some of
the track quality indices were evaluated for effectiveness during
the program in terms of their definitions and the possibility of

fchuisition and Use of Track Geometry Data in MOW Planning,

March 1975, PB No. 241196.

1-2



their duplicating one another. Some of the graphic programs
used to display data for detailed analysis by engineers were
discussed. These included histograms and power spectral
densities (PSD's) used to display probability densities and
wavelength characteristics of data collected on a track
segment. A comparison program to overlay histograms and PSD's

from different runs was also conducted.

1.5 ORGANIZATION OF THE REPORT

This report documents industry use of automatically acquired
track geometry data. This document also describes the all-
weather measurement system which was implemented and evaluated
after the first report (PB No. 241196) was published. The
currently used track quality indices and the present MOW
report formats are also discussed. These topics are '
covered briefly in Section 2.0 and are analyzed in detail

in the appendices.

Section 3.0 describes how the railroads utilize the data.
This section also covers their maintenance planning procedures
and other proposed uses for the data. Conclusions and recom-

mendations are listed in Section 4.0.
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2.0 DEVELOPMENT OF THE MAINTENANCE REPORTS

2.1 INTRODUCTION

At the beginning of FRA research into automated track inspec-
tion, four Budd Silverliners were purchased and designated
T-1 through T-4. These four cars operate in pairs (T-1/T-3
and T-2/T-4). One car in each pair is an instrumentation car

and the other is a support car.

T-1/T-3 has served as the prime track-geometry-survey consist
during the MOW program. T-3 contains the track-geometry-
measurement instrumentation and the data acquisition system
while T-1 provides survey-crew support. The track geometry
data collected by T-3 has been used to develop track quality
indices. These indices are designed to help MOW engineers in

maintenance planning.

The advanced electronic sensing and data processing systems
onboard T-3 are capable of measuring track geometry at speeds
up to 150 miles per hour. The instrumentation in the consist
provides raw measurements of track geometry in the form of
continuous analog signals. Data processing provides real-time,
onboard computation and analog strip-chart reports of track
geometry characteristics as well as digital records of both
raw and computed data. The data tapes are off-line processed
on a digital computer using software programs which are designed
to present the data as maintenance-of-way reports. Track
geometry parameters are processed into indices to rate track

segments.

Since the beginning of the MOW program, improvements have been
made to the instrumentation and data acquisition systems in
the T-1/T-3 consist and to the software programs which are
used to process the track geometry data and generate the MOW

reports. This section describes the current system and the



data processing to provide a basis for further discussion of
the uses and benefits of automated track-geometry-data col-
lection, and of the MOW reports generated from same and sent
to the participating railroads.

2.2 SYSTEM CONCEPT

‘The major subsystems:and the signal paths of the track gedmetry
measurement system are shown in Figure 2-1. Each' subsystem is
configured to meaéure, record and display a particular param-
eter of track geometry. ' The parameters are:

° Profile A o - Curvature
° - Gage \ ) Location
o Crosslevel

The layout of the coordinate reference system of the car is
shown in Figure 2-2. Each subs?stem utilizes one or more
electro-mechanical, all-weather sensors which produce raw

measurement data in the form of continuous analog signals.

PROFILE
SUBSYSTEM

LOCAL AND
REMOTE

: suggg'rm " CONTROL
ANALOG- DIGITAL-T0- ANALOG
CROSSLEVEL SIGNAL - TO- DIGITAL ety ANALOG RECORDING AND
SUBSYSTEM ~=1 p1sTRIBUTION | DIGITAL g COMPUTER CONVERTER DISPLAY
) CONVERTER
P . . }
CURVATURE . :
SUBSYSTEM : DIGITAL
. SPEED AND : :
: DISTANCE RECORDING
SUBSYSTEM
ALD
SUBSYSTEM

Figure 2-1. Track Geometry Measurement System Block Diagram
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The data acquisition system converts the signal to digital
format in real time and records the digital data on magnetic
tape for off-line processing. The data acquisition system
also computes track-geometry parameters from raw measurement
data and converts them to analog signals for real-time visual
display on a strip-chart recorder. The sensors in the track-
geometry-measurement subsystems are described in the following
paragraphs. The digital and analog subsystems are discussed
in Section 5.1.

2.2.1 Profile Subsystem

Profile is a measure of the vertical position of each railhead
in a track structure. The profile measurement subsystem is
composed of inertially referenced instruments (préfilometers)
that produce signals which are proportional to deviations from

that reference.

2.2.1.1 Profile Instrumentation

The profile measurement subsystem uses two profilometers
mounted directly over axle No. 3 of the A-truck on each side of
T-3 (Figure 2-3). The profilometer consists of a mass which

is attached to a wheel (axle) of the test car through a spring
and damper assembly. The mass is restricted in movement to

the vertical plane by low-friction guides. An accelerometer
'is attached to the mass and a linear-variablé-differential-
transformer type displacement transducer (LVDT) is connected

between the mass and the wheel (axle).

Profile is defined as the mid-point of a 62-foot chord in the
vertical plane, As the vehicle moves along a track, the mass
acts as an inertial reference in the vertical plane. Vertical
displacement of the rail act as inputs to the profilometer,
and are measured directly by the displacement transducer. At
low speeds, low frequency inputs (which fall below



Figure 2-3. Profile Measurement Sensors on T-3

!
1

the natural frequency of the profilometer) are measured by
double integration of the output of the accelerometer and added
to the output of the displacement transducer.

Due to limitations on the undercarriage of T-3, the pro-
filometer transducers are mounted inboard on the wheels.
Thus, the points of measurement (ZL and ZR) are offset
from the actual location (ZLT and ZRT) of the transducers
(Eigure 2-4). The offset is corrected by compensation
circuits which consist of operational amplifiers with gain
--characteristics which provide the required gain and cross-
compehsation between the opposite sides.

The output signals from the profilometers are analog space
curves of the absolute vertical positions of the rails with
respect to an inertial reference. These output.signals

are subsequently filtered to remove long term trends asso-
ciated with grade, and then converted to a 62-foot, mid-chord
offset (MCO) measurement for comparison with the FRA Track
Safety Standards.



2.2.2 Gage Subsystem

Gage is defined as the distance between the two rails at a
position 5/8-inch below the top of the railhead. At present,
a servomagnetic gage system is used for the gage measurement
subsystem.

2.2,2,1 Gage Instrumentation

The gage measurement subsystem uses two servo-positioned
magnetic sensors to detect changes in gage. When operating,
the non-contact sensors (Figure 2-5) are located between the
axles of the A-truck facing directly toward the gage side of
the railhead. As gage varies or the truck moves laterally,

a feedback servo-control system maintains a 1/2-inch, sensor-
face to rail gap. If this gap is larger or smaller than
1/2-inch the magnetic sensors will produce error signals.

To eliminate this source of error, the position of the
magnetic sensor with respect to the truck is measured using

a linear displacement transducer (LDT). This position signal
combined with the signal from the sensor yields a relative
gage signal for the respective side of the truck. Adding the
outputs of the two LDT's to the known distance between them
produces the gage measurement.

Since the magnetic sensor is servo-controlled, it will not
always be riding within the clearance profile created by the
flange of the wheel. Whenever the sensor moves away from
the protection of the flange, it may be damaged by highway
crossings, railroad crossings, and frogs. To minimize pos-
sible damage to the sensor arm assemblies, the sensor can be
retracted or moved to the protected position within the
clearance profile of the flange by the operator. The system
will still measure gage data in the protected position, but
a reduction in accuracy proportional to the gap between the
sensor face and the gage point on each rail will occur. The

sensor system has three operating modes:



LEFT
PROFILOMETER
TRANSDUCER
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Figure 2-4., Location of Profilometers

Figure 2-5. Gage Sensor in the Raised Position
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° RETRACT - The sensors are in the raised
position to avoid obstacles in the road-
bed, to prevent damage to the sensor by
contact with road crossings, frogs, or
other track features or to allow sensor
adjustment or replacement. This
position is used for maximum sensor
protection during non-operating periods.

» ACTIVATE - The sensors are in their
normal operational position.

) WITHDRAW LEFT and/or RIGHT - The sensors
are in a protected position in the sha-
dow of the wheel flange (Figure 2-6).

2.2.,3 Crosslevel Subsystem

Crosslevel is defined as the difference in elevation between
the right and left rails. This system measures crosslevel

in inches. A positive reading indicated that the left rail

is higher than the right rail and a negative. reading indicates
that the right rail is higher than the left.

2.2.3.1 Crosslevel Instrumentation

The Compensated Accelerometer System (CAS) is used to measure
crosslevel, It is composed of three sensors mounted at
specific location on T-3 (Figure 2-7). These consist of a
vertical reference sensor and two displacement

transducers. The CAS assembly (Figure 2-8) consists of an
inclinometer and a roll rate gyro which is mounted on the
floor of the carbody directly over the instrumented truck.
The two displacement transducers are mounted underneath each
side of the carbody over the No. 3 axle of the vehicle to mea-
sure the angle between the carbody and the truck. The

system compensates for lateral acceleration errors by using a

yaw rate gyro, two velocity transducers and a tachometer.
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Figure 2-8. CAS Assembly

2,2.3.2 Warp Measurement

Warp is the difference in crosslevel between any two sample
points up to 62 feet apart in tangent track and curves, and
not more than 31 feet apart in spirals. It is a measure of
the variation of the horizontal plane of the track over these
selected chord lengths. Warp, which is the spatial rate of

change in crosslevel, is calculated during off-line processing.

2.2.3.3 Rock=-and-Roll Measurement

Rock-and-roll is also calculated during off-line processing of
the crosslevel measurement. For this measurement, the cross-
level signals are differenced at 19.5-foot intervals to

obtain an indication of alternating low joints on the two

rails. If the processed signals indicate that three consecutive
left and right rail joints are low, that zone of track has the
potential for generating a sustained rock-and-roll in the car-
body. The maintenance-of-way report will indicate the location,

the extent and the severity of the rock-and-roll zone.

nNo
!
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2.2.4 Track Curvature Subsystem

The track-curvature-measurement subsystem measures the angular
rate of change of track direction in degress per hundred feet.
The basis for track-curvature-measurement is the number of
degrees of central angle subtended by a 100-foot chord

(figure 2-9).

2.2.4.1 Curvature Instrumentation

The principal elements of this subsystem include a carbody-
mounted, yaw-rate gyroscope and two velocity transducers,

one mounted on each truck. The rate gyroscope produces a
signal which is proportional to the rate of carbody rotation
about its vertical axis including rotation caused by track
curvature. The two velocity transducers provide correction
signals proportional to carbody yaw with respect to the trucks
of the car.

2.2,5 Automatic Location Detection Subsystem

The Automatic Location Detector (ALD) subsystem is used to
detect features which are unique to a particular section of
track., The detected features are used to correlate track
geometry data with specific physical locations.

2.2.5.1 ALD Instrumentation

The ALD sensor (Figure 2-10) is a non=-contact capacitive
device mounted below the test car on a frame approximately
in the center of the A-truck on T-3. It faces the roadbed
between the rails and detects the proximity of metallic
objects over which it passes (figure 2-11). The sensor
consists of a 1/8 by 4 by 7-inch fiberglass board that is
copper clad on the exposed side to form one plate of a

2-11



CURVE C

100 FOOT
CHORD

©=TRACK CURVATURE
R=RADIUS OF CURVE

Figure 2-9. Definition of Track Curvature

capacitor. The other plate of the capacitor is the roadbed.
As the train moves along a track, a metallic object causes
the capacitance between the sensor and the ground to change
abruptly. This change in capacitance produces a signal
voltage proportional to the height, size and composition of

the object.

In addition to the detection of anamolies in the track, the
ALD system also detects and records known structure (turnouts,
road crossings, and other objects which can be related to a

specific location).

2,2,6 Speed and Distance Subsystem

The speed and distance measurement subsystem is used to
determine instantaneous vehicle speed and to indicate total
number of miles traveled. An optical tachometer and a speed
and distance processor are the principle components of this

2=-12



Figure 2-10. ALD Sensor Mounted on Frame

CARBODY

SENSOR CABLE

ALD SENSOR
ELEMENT
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Figure 2-11. Location of ALD Sensor
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subsystem, The speed and distance subsystem provides distance-
based, computer-interrupt signals which control data acquisition,
computer sampling, and computation and recording of track

geometry data.

2.2.6.1 Speed and Distance Instrumentation

The optical tachometer (figure 2-12) is belt-driven., It is
located on the left side of Axle 3 and produces 1,000 pulses
during each revolution of the wheel. The pulses are counted
over a fixed time interval by the speed and distance processor
to determine instantaneous speed, and to indicate total dis-

tance traveled.

Figure 2-12. Optical Tachometer
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2.3 MAINTENANCE INDICES

The Maintenance-of-Way Planning (MOWP) and Geoplot reports
present four track geometry measurement parameters in the form
of indices to facilitate the rating of track segments. These
indices are computed for quarter-mile track segments. The
maintenance indices used to describe each parameter are

listed below:

o Profile
- Profile Area Index

- Profile Slopes

. Gage
- Gage Area Index
- Gage Standard Deviation
- Gage 99 Percent Value

- Crossleﬁel
- Crosslevel Area Index

° Curvature
- Curvature Area Index

Indices for all four parameters can be normalized for various
lengths of track. With the present report formats, the DERGW
prefers the indices normalized to exactly one mile while B&LE
prefers the indices normalized on a one-fourth mile basis with

ALD locations initiating the segments.

2.3.1 Area Ihdex

The area index for each track-geometry parameter can be de-
fined as the area between two curves, one obtained by plotting
. the actual track geometry measurements, the other obtained by
plotting the ideal condition of the track.



2.3.1.1 Gage Area Index

For gage, the ideal condition is a gage measurement of 56.5
inches; therefore, the curve for the ideal condition will be
a straight line, which when plotted would be‘perpendicular
to the y-axis at 56.5 inches. The actual curve would vary

around this reference line as shown in Figure 2-13.

The shaded_regibn is the area to be calculated and summed
together to obtain the area index for this section of track.
The area above the 56.5-inch line is positive while that
below the line is negative. The sign is important for the
gage index since the index can be positive, negative or

zero. A positive index will indicate a segment of track

with generally wide gage while a negative index will indicate
that the gage is generally tight.

2,3.1.2 Profile Area Index

AProfile is determined by comparing the vertical position of
the top of the railhead to a reference curve obtained from the
equipment. The reference curve is a representation of a per-
fect track crossing a particular terrain. An ekamplevof the
’graph of the actual measurement curve compared to the perfect
curve is shown in Figure 2-14.

ACTUAL GAGE MEASUREMENT CURVE
"~ ~AREA

GAGE

56.5 e o
INCHES IDEAL GAGE CURVE
DISTANCE - P‘
Figure 2-13. Gage Area Index
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ACTUAL PROFILE MEASUREMENT CURVE

1////////

AREA

IDEAL PROFILE CURVE
DISTANCE |

VERTICAL POSITION

Figure 2-14. Profile Area Index

The area of the shaded region is used to determine the Profile
Area Index. For profile, unlike gage, the absolute values of

the areas are used. Therefore, the profile index must always

be positive.

2.3.1.3 Curvature and Crosslevel Area Indices

The area indices for curvature and crosslevel are determined
in the same way as gage and profile. The reference curve,

however, for curvature and crosslevel is a filtered or smooth
version of the actual measurement curve (Appendix B) as shown

in Figure 2-15.

ACTUAL CURVATURE OR CROSSLEVEL CURVE

FILTERED CURVATURE OR CROSSLEVEL CURVE

AREA

Fioure 2-15. Curvature and Crosslcvel Area Indices
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The absolute value of the area is used in the determination
of the Curvature and Crosslevel Area Index. This is repre-
sented by the area shown in Figure 2-15.

2.3.2 Gage Standard Deviation Index

The standard deviation is determined by calculating the mean
(X) using equation 2.1.

n
2 X

Y— l=1 1

n

where Xi’is the actual gage measurement at the ith position
and n is the number of measurements. ‘

The standard deviation (o) is then calculated using equation
2.2

1

n
_ 2
o = T 1 .Z; (X.
i=1

- X ’ 2.2

1

When o is small, the gage measurements vary minimally from
the mean (X) as shown in Figure 2-16.

When o is large, the gage measurements vary greatly from the
mean (Figure 2-17).

Therfore, the larger the standard deviation the more irregular
or more variant the gage of a particular section of track.
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Figure 2-17. Large Standard Deviation
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2.3.3 Gage 99-Percent Value

The 99-percent value is a cut-off value below which 99-percent
of the data points lie. For example, the 99-percent value for
gage could be 57 inches. This means that 99-percent of the
gage measurements are less than 57 inches while one percent

are greater than 57 inches (refer to paragraph 2.3.1.1).

In thé_maintenance;of-way studies, 547 data points or samples
are collected for each quarter mile segment with a 2.41-foot
sample interval in the case of T-3. The 99-percent level
will be a gage value above which one percent or five of the
samples lie. This one percent includes the gage measurements
that vary the most from 56.5 inches.

2.3.4 Slopes

"Sldpés" is used to describe the profile of a section of

track. ‘It is a measure of the number of times the difference
(AY) betweén two consecutive profile measurements divided by the
sampling distance (AX) exceeds a selected threshold. Figure
2-18 shows the relationship between AY and AX on a graph of
profile. The value AY/AX can then be plotted as shown in

Figure 2-19.

The slopes value is the number of times AY/AX is greater than
the threshold value. For the example in Figure 2-19, the
slopes value would be 5, since there are five points outside
the threshold value. One of the points outside the threshold
is not considered because it lies at a cusp and is therefore
considered only once, not twice.

2.4 MAINTENANCE-OF-WAY REPORTS

Once the track geometry data has been proceésed‘to provide

the MOW indices (or exceptions to FRA or industry thresholds),
the information is tabulated in a variety of summary reports
for distribution and use at various levels of MOW management
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Figure 2-18. Profile Measurements Versus Distance .
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Figure 2-19. Change in Profile Over Change
in Distance Versus Distance



for their maintenance-of-way operations. These reports pre-
sent the track geometry data in three formats: the Maintenance-
of-Way Standards Report, the Maintenance-of-Way Planning

Report and the Geoplot Report.

The Maintenance-of-Way Standards Report lists exceptions to
track geometry standards established by FRA and the railroads.
The Maintenance-of-Way Planning Report and the Geoplot Report
show the maintenance indices in formats that can be used for
rating track segments.

2.4.1 MOW Standards Report

The Maintenance-of-Way Standards Report (MOWS) shows a com-
parison at each data value with railroad-selected standards
and FRA Safety Standards. Appendix C includes examples and
detailed explanations of each section of the report.

The MOWS Report includes:

'3 A detailed report listing location,
magnitude and length of each exception
to both FRA and railroad standards for
all measured parameters.

o A Class Gummary showing class per mile
based on the worst exception found.

° An Exception Count Summary showing the
number of exception counts per mile
surveyed.

o A Curve Summary showing the beginning

and end points of each curve as well
as length, average elevation, average
curvature and limiting speed exceptions.

) An ALD Events Summary showing location
of switches and road crossings.

() Curvature speed and rock-and-roll
exception information.

° A Report Threshold listing FRA and
Railroad Standards.



2.4.2 MOW Planning Report

The Maintenance-of-Way Planning Report (MOWP) lists track
quality indices for multiple sections of track (sections
may be any length up to approximately five miles). It also
sorts track quality indices by parameter according to
severity. Appendix C includes a sample of an MOWP Report.

2.4.2.1 SORT Report

Part of the MOWP is the SORT Report (Appendix C). In this
report, the track segments are sorted for their index values
and are listed from worst (largest index value) to best
(smallest index value). A SORT Report is developed for each
of the four indices corresponding to the four measurement
parameters.

2.4.3 Geoplot Report

The Geoplot Report is made up of bar charts of track quality
index values of each segment on the Track Parameter Quality
Index Chart (Appendix C). This chart can be used to overlay
the indices of up to three different surveys to show degre-
dation or improvement.

2.4.4 Limitations in Data Collection and Processing

There are several difficulties in the utilization of the
99-percent value generated by track geometry surveys for
use in maintenance planning.

The 99-percent value of gage involved two problems. First,
it is dependent on the particular measurement consist used
on a survey. The T-1/T-3 consist has a 2.41-foot sample
interval which produces 546 samples per quarter-mile segment.
T-6 and T-2/T-4 have a one-foot sample interval and generate
1320 samples per quarter-mile segment. The 99-percent value
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for T-1/T-3 means that five points in the quarter-mile seg-
ment exceed the 99-percent value while for T-6 and T-2/T-4
there are 13 points that exceed the 99-percent value.
Secondly, the gage measuring system may be withdrawn at

the discretion of the forward observer when passing road
crossings. During one survey, a forward observer might
estimate that there is sufficient clearance at a crossing
and leave the instrumentation down, but during the next
survey, another forward observer might be cautious and
withdraw the sensors. Since road crossings are difficult

to maintain, the second survey would miss the worst portion
of the quarter-mile segment and consequently, the 99-percent
~value would be significantly lower. Care in interpreting
the MOW Planning Report could eliminate this discrepancy.

If the number of samples column is monitored properly, a
difference in the number of gage samples from one survey

to the next for a quarter-mile segment would indicate that
the 99-percent value is not comparable between the two surveys.



3.0 USE OF THE MAINTENANCE-OF-WAY REPORTS

3.1 DISTRIBUTION OF THE REPORTS

The distribution of the MOW reports within the Bessemer and
Lake Erie and the Denver and Rio Grande Western varies because
of their differing corporate structure. In general, the distribu-

tion for each report is:

° Strip charts - The six-channel strip
chart recording (Figure 3-1) is used
by the track supervisor, the person
directly responsible for the track,
to perform the most urgent spot
maintenance. The eight-channel strip
chart is used in conjunction with the
Standards Report by the senior
engineer to determine what spot main-
tenance should be done.

? MOW Standards Report - In general, a
copy of the Standards Report is dis-
tributed to the senior engineer, to
the engineer-track, and one is split
up into each section and distributed
to each area supervisor.

3 MOW Planning Report - The MOW Planning
Report is sent to upper management where
it is used for maintenance planning and
allocation of maintenance resources.

9 Geoplot Report - The Geoplot Report
is sent to upper management and used
to plan maintenance and allocate
maintenance resources.

3.2 HOW THESE REPORTS HAVE BEEN USED BY THE RAILROADS

The Bessemer and Lake Erie and the Denver and Rio Grande Western
have different maintenance philosophies. However, both railroads
have been able to use the various reports for spot maintenance,
short-term maintenance planning, quality control and in other

areas of maintenance planning.

w
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TRACK GEOMETRY DESIGNATIONS

CROSSLEVEL (Channel 3)

Crosslevel chart can be used to show! (1) Deviation from 0-crosslevel on tangent; (2) Difference in
crosslevel in 62' ‘on tangent and full body of curve (warp); (3) To compave crosslevel on curve with

designed elévation; (4) Deviation from designed clcvation on spirals (diffevent limits than in Items
1 thru 3); (5) Change in crosslevel in 31' on spirals (warp) (different limits than Items 1 thru 4).

CURVATURE (Channel 4)

Curvature chart can be used to show: (1) Deviation of alignment in 62' from uniformity on tangeat and -
curves; (2) Existing degree of curvature in curves; (3) Comparison’ of elevation and curvature. on curves
and spirals, :

m - O :f

_ PROFILE © CROSSLEVEL CURVATURE . GAGE ALD
62' Midchord Offset 1° = v
{Only Valid Above 20 mph) ’ Non (62' Chord) . Shows

Mileposts,

-¢

"

Class . Deviation From Profile Class Spiral Spival Class Tan  Curve Class Tan Curve Switches
1 3,00 1 1.75  3.00¢ 1 5.00° .5.00° 1 57,751 57.75" and
2 2,78 2 1.50 2.00¢ 2 3.00° 3.00° 2 §7.50" 57,75" Road
3 2.25" 3 1.25 178 3 1.75° 1,75° 3 57.50"'57.75" Crossings
4 2.00" 1 1.00 128" 4 1.56° 1.50° 4 $7.25" §7.50"
5 1.25" 5 0,75 1.00" s 0.75° 0.625° 5 §7.00" §7.50%
H 0.50" 6 0.50 0.05" 6  0,50° 0.375° 6  56,75" 57,00
' YURE®] © L |
48 i SasE T

lee—— e 1200 FEET ~—

Cbiges Taopiruet ieidol $ipEg " imiope voatt

CHANNEL 1 CUANNEL 2 CHANNEL 3 CIIANNEL 4 CHANNEL § « CHANNEL 6

Figure 3-1. Sample 6-Channel Strip Chart Recording



3.2.1 Spot Maintenance

The six-channel strip chart and the MOW Standards Report are used
for spot maintenance work. The strip éhart (Figure 3-2) 1is
generated during the survey; this enables the track supervisor

to mark the chart for critical defects, to take the chart with
him when he leaves the test consist, and to dispatch repair crews
quickly. There have been occasions when a critical defect has
been observed that required immediate action. On these occasions,
the onboard mobile telephone has been used to dispatch a repair

Crew.

When the MOW Standards Report is delivered (Figure 3-3), the
senior engineer analyzes the report and locates every defect that
exceeds FRA standards for the track that was inspected. He also
checks for violations of railroad standards.

The senior engineer then compares the MOW Standards Report to

the track supervisor's strip chart and to the repairs the super-
visor has already made and determines the need for additional
repairs. Violations of FRA standards are repaired quickly, vio-
lations of railroad standards may be repaired at a later time since
the railroad standards only indicate that a section of track is
approaching the 1limits of federal track safety standards.

The copy of the MOW Standards Report distributed to the engiﬁeer—
track is used as a reference source when track condition is
questioned.

3.2.2 Short-Term Line Maintenance

For short-term line maintenance, the MOW Planning and Geoplot
reports are used as inputs to the final maintenance plans.

The MOWP and Geoplot reports (Figures 3-4 and 3-5) are used in
conjunction with traffic predictions, division engineer requests
and an evaluation of available maintenance resources to deter-

mine what maintenance will be performed during the coming year.
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Figure 3-2. Use of the Strip Chart
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DIGITAL TAPES
OF TRACK
GEOMETRY DATA
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ALLOCATION OF RESOURCES
FOR PROGRAMMED MAINTENANCE

RAIL
OFF LINE MOW RENEWAL
PROCESSING PLANNING
REPORT
TIE
RAFFIC RAILROAD RENEWAL
PREDICTIONS MAINTENANCE
DECISIONS SURFACING
AND LINING
DIVISION
ENGINEER BALLAST
REQUESTS CLEANING, ETC. .

. DIGITAL TAPES OF TRACK GEOMETRY DATA ARE PROCESSED INTO MOW PLANNING REPORT

2. DIVISION LEVEL MAIN‘TENANCE REQUESTS AND TRAFFIC PREDICTIONS ARE
COMPARED WITH TRACK SEGMENT RATINGS IN MOWP REPORT

3.  CHIEF ENGINEER-MOW, MAKES DECISION ON ALLOCATION OF RESOURCES FOR
PROGRAMMED MAINTENANCE .

Iigure 3-4. Use of the MOWP Report
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ALLOCATION OF RESOURCES
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1 RAIL
- OFF LINE RENEWAL
PROCESSING P GEOPLOT
TIE
FRAFFIC RAILROAD _RENEWAL
PREDICTIONS MAINTENANCE
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— . AND LINING
DIVISION
ENGINEER BALLAST
REQUESTS CLEANING, ETC.

. DIGITAL TAPES FROM PREVIOUS RUNS ARE PROCESSED INTO GEOPLOT

2. DIVISION LEVEL MAINTENANCE REQUESTS AND TRAFFIC PREDICTIONS ARE

COMPARED WITH RELATIVE DETERIORATION RATE OF TRACKS IN
GEOPLOT REPORT '

3.  RESOURCES ARE ALLOCATED FOR THE PROGRAMMED MAINTENANCE ACTIVITY

Figure 3 5. Use of Geoplot



The MOWP and GEOPLOT reports provide information on the rela-
tive condition of the track segments surveyed and on their
relative rates of deterioration. The reports alone provide

a good deal of information about the quality of the track
segments but they also require analysis and interpretation.
Scheduling of surfacing and iining{(programmed maintenance) is
primarily based on profile indices and to a lesser extent on
crosslevel indices. Visual inspection is necessary for planning
tie renewal, but gage and curvature indices can provide more
objective information. In curves, wide gage is indicative of
aging ties which do not adequately support lateral loads. On
tahgent track, however, narrow gage indicates aging ties that
have been cut into by the tie plates allowing the rail to cant-
in under load. While rail renewal can be required because the
rail is curve worn or end battered, these anomalies cannot be
characterized through track geometry measurements. Track pro-
file will, however, characterize a surface-bent condition and
lengths of main line over which that condition prevails may be
replaced with new rails while the bent rail is cropped and
used on secondary track. Referring to Figures 3-4 and 3-5, the
automatically acquired track geometry data is weighted more
heavily in the allocation of funds for surfacing and lining

than it is for rail or tie renewai. The values of the indices
-are based on quarter-mile segments of track. However, programmed
maintenance is usually planned for track segments of two to five
miles. Therefore, the reports must be studied for groups of
segments that have thw worst index values. Track segments with
high index values that are supported by segments with low indices
are normally repaired by spot maintenance crews rather than by

a programmed maintenange gang.

The MOWP and GEOPLOT reports are primarily used for allocation
of maintenance resources. The Chief MOW Engineer uses the
reports each fall to decide what maintenance will be done
during the upcoming year. This decision is based on inputs



from the division engineers, upcoming traffic predictions,
the amount of available maintenance resources and the MOW

Planning report.

3.2.2.1 Maintenance Indices Used for Planning

From a maintenance planning standpoint, the most used main-
tenance indices are:

) Gage area index

o Gage standard deviation
° Gage 99-percent value

) Profile slopes or index

With the gage indices, there is no overlap of information.
Each parameter tells its own story and when combined with
the other gage indices, yields a very complete picture of
gage in a particular section of track. The gage area index
indicates the mean or average gage over a section of track.
The standard deviation shows whether or not the gage is
uniform. These two indices taken together tell a very
complete story. For example, a section of track with a
high area index and a small standard deviation has general
gage widening. ' '

The 99-percent value completes the picture by indicating the
worst gage values in a section of track. A section of track
with general gage widening may or may not be in need of
maintenance. The 99-percent value indicates the worst
measurements in that section of track. If the 99-percent
value is less that 57-1/2 inches, immediate attention is

not requried since this is not a critical situation.
With the profile indices, the area index and the slopes yield

similar information. Railroad people prefer the area index

because it is the true measurement of the difference between
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the actual curve and the theoretical curve. Since it is

an actual measurement, the index values obtained at the 2.41-
foot sample interval can be more easily compared than the
slope values. The slopes index gives a good indication, for
jointed track, as to how many low joints exist in a 1/4-mile
segment. On continuously welded rail the area index is more

effective.

The railroads rarely allocate maintenance funds solely on the
basis of the crosslevel and curvature indices. There is a

a problem in physically interpreting the meaning of these
indices, since crosslevel and curvature are normally

thought of in combination as they are related to speed
limitations or superelevation deficiencies. These indices do
relate to roughness in crosslevel or curvature, and conse-
quently to deviations from the original design.

3.2.2.2 GEOPLOT

GEOPLOT‘was used to complete the maintenance planning procedure,
since it compares the surveys of the last two years with the
current survey to show whether or not a section of track has
deteriorated. This is useful in maintenance planning because

it highlights sections of track which need to be repaired.

For example, a section of track with gage that is widening
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from one year to the next, will need maintenance. However,
a section of track whose gage has not changed over three years

will not need maintenance.

GEOPLOT is also useful because it is the easiest report to
read and understand. It is a graphic representation of the
condition of the track.

3.2.3 Comparison of Maintenance Techniques

The MOW reports could be used to evaluate the effectiveness
of various maintenance techniques. However, more research

is needed before an objective comparison of maintenance
techniques can be made. In addition, a comparison of
maintenance techniques and an evaluation of the effectiveness
of the maintenance techniques on the track must be made. Also,
the cost-effectiveness of the techniques must be evaluated.
In addition to evaluating the effectiveness of various
maintenance techniques, the MOW reports could be used to
evaluate the effectiveness of maintenance devices available
from different manufacturers.

3.2.4 Quality Control

Quality control is primarily assuring that the line maintenance
crews are effectivély accomplishing their mission. The MOW
reports, generated during this study, have had limited use in
quality control. This has been due to the large time interval

between surveys.

3.2.4.1 Short-Term Quality Control

To be useful for short-term quality control, track geometry
surveys must be conducted on an as-needed basis. Surveys
should be conducted after programmed maintenance has been
performed on a track segment and after there has been
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sufficient traffic to consolidate the ballast. Survey
scheduling would be difficult to justify on the basis of
survey cost versus forseeable benefits.

3.2.4.2 Long-Term Quality Control

Long-term quality control is the effective use of the yearly
surveys to correct track defects. For long-term quality
control, the reports are being used effectively to monitor
the quality of the track, the effectiveness of track main-
tenance and the amount of track degradafion which occurs
during the time between surveys.

3.2.5 Allocation of Maintenance Resources

Both the MOWP and the GEOPLOT reports are used to determine
the allocation of maintenance resources as illustrated in
Figures 3-3 and 3-4. As mentioned in Section 3.2.2, the
engineer-track uses these reports to determine what main-
tenance should be done. He then determines how much of this
maintenance the railroad can afford to do. Finally, he
selects the maintenance to which he will commit his main-
tenance resources.

An important potential use of the planning repérts in the
allocation of maintenance funds is the determination of which
branch lines should be upgraded. This determination begins with
an analysis-of the future revenue a branch line would generate
as compared to other branch lines, if it were upgraded. This
analysis involves traffic predictions and new business the line
would generate.

Then, an evaluation of the costs involved in upgrading the
branch line are determined; the MOWP and GEOPLOT reports are
used in this determination. From the reports, the amounts
of time and money necessary to upgrade each branch line can
be determined.
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Finally, a cost-effective comparison is made between the
branch lines. Thé cost to upgrade each line 1s compared
to the amount of new revenue each line will generate in
order to determine which branch line will yield the

greatest profit per maintenance dollar.

3.2.6 Acceptance of the Validity of the Reports

The biggest obstacle to the effective use of the survey data
and the MOW reports was a reluctance by railroad personnel

to accept their validity. To overcome this lack of acceptance,
a great deal of care and patience was required.

Acceptance of the reports began with upper management and
spread through the rest of the railroad personnel. Accep-
tance of the report by the maintenance crews depended to a
large extent on the attitude of upper management toward the
reports.

When upper management received the MOW reports, they went to
the track supervisors, showed them the reports and the track
defects indicated thereon, and asked them what they had done

or were going to-do to correct same.

By management asking what the track supervisor intended to do
to improve his track rather than ordefing him to go out and
prove that the reports were correct, management hastened the
acceptance of the reports by field personnel,.

During the first two years of this program, confidence in the
MOW reports and the indices grew. As confidence in the re-
ports grew, the feedback from the railroads involved helped

to improve the format and design of the reports.
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3.2.6.1 Training

Because of the large amount of information and experience
required to be a good supervisor, the track-geometry-
measurement vehicles and the MOW reports are only tools
to be used in training a supervisor. They do, however,

complement the training procedure for a supervisor.

A benefit in using the track-geometry-measurement vehicles

and the MOW reports in the training of supervisors is that

each supervisor so trained will accept the survey results

and the MOW reports and will know how to use the reports
effectively from the start of his career as a track supervisor.

3.2.7 Derailment Investigation

Another use for MOW reports is in the investigation of
derailments. The reports are used to determine if a de-
railment could have been cadsed‘by defective track.

3.3 ECONOMIC CONSIDERATIONS

In general, there 1is difficulty in quantifying the economic
benefits resulting from this program. However, the parti-
cipating railroads feel that they have been allocating their
resources more effectively as a direct result of using the
MOW reports. The main difficulty in quantifying economic
benefits is with the standard procedures for recording
spot maintenance costs. Generally, the récording procedure
is not site-specific. Records of location, number of ties
installed and expended manhours are requried to perform an
accurate economic analysis. An MOW Program being started
with Conrail has established new reporting procedures
designed to overcome these difficulties.

There are several economic trade-offs that can be directly

affected by the automated track-geometry-measurement program.
These will be discussed in the following sections.
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3.3.1 Spot Maintenance/Programmed Maintenance

To determine when it is cost-effective to defer programmed
maintenance for a segment of track, the cost of increased

spot maintenance must be considered. If programmed maintenance
is deferred, it is normally because of a lack of resources.
However, the amount of spot maintenance necessary to keep

track within FRA Safety Standards will increase and the cost

of spot maintenance is higher than that of programmed main-
tenance for equivalent lengths of track. Therefore, a

balance between spot and programmed maintenance must be

established in order to use maintenance resources effectively.

3.3.2 Track Geometry Standards

The participating railroads have established track geometry
requirements that are more stringent than the FRA Safety
Standards. The railroads have been using these tighter
requirements to find sections of track which are approaching
the limits set by FRA Safety Standards.

Good track deteriorates at a slower rate than poor track.
For example, if joints are allowed to pump, the rail will
become surface-bent and this will cause a good surfacing
job to deteriorate very quickly. If the rail were straight,

the surfacing job would last much longer. Therefore, it
would seem that very tight track geometry standards would
ensure longer programmed-maintenance-cycles. However, if
the standards are too tight, more frequent maintenance
cycles would be required to keep the track within the
standards. Therefore, it is necessary to find an opfimum
set of standards that would reduce the number of maintenance
cycles required to maintain a section of track.

3.3.3 Other Studies

There are also potential benefits in other studies which

include:
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® A comparison of different combinations
of track structure components, e.g.,
rail weights, tie type and spacing,
ballast type and depth.

° A comparison of various production
machines.
'3 A comparison of maintenance tech-

niques, e.g., surfacing one month
after tie renewal versus two months.

° A comparison of the effectiveness
of production gangs.

3.4 LONG-RANGE PLANNING

The definition of long-range 1s subject to several interpre-
tations. The BELE and D&RGW railroads have interpreted long-
range consistent with their current programmed maintenance
philosophies. This section covers these interprétatibns and
the applicability of the current FRA track geometry measure-
ment system, the track quality indices and the reporting
formats in meeting the needs of the railroads for long-range

planning.

3.4.1 What Is Meant by Long-Range

Each major programmed maintenance operation requires its own
definition of long-range. Rail renewal requires the longest
lead time for ordering material. The heavier weights of
rail, particularly 140 pounds, are not normally<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>