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Summary

Norfolk Southern, in cooperation with the Association of American
Railroads and and Massachusetts Institute of Technology, has
demonstrated the calibration of the Total Right-of-Way Analysis and
Costing System (TRACS) wear model for one of its coal routes.  By
adjusting the wear coefficients, adding additional levels of lubrica-
tion effectiveness, and using actual grinding rates, NS was able to
match predicted and actual wear rates for tangent track and for
curves ranging from 1 to 10 degrees.  A similar process could be used
by any railroad to calibrate the TRACS wear model for route-specif-
ic analysis.

A user may apply the software to perform incremental track-
degradation studies with the programmed defaults. However, to
more accurately perform analysis for a specific railway line, the rail-
wear model can be calibrated to the route under study.  The software
includes a comprehensive set of track-degradation and costing mod-
els designed to assist railroads in the analysis, planning, and bud-
geting of track right-of-way maintenance activities and technolo-
gies.  The calibration process follows this process:

• Selection of the route of study.

• Information gathering and data reduction for the selected
route.

• Construction of the route, traffic, and rail-wear model files
and sample runs.

• Tuning of the TRACS rail wear model coefficients to
achieve TRACS rail-wear outputs which approximate rev-
enue service experience. 

Once calibrated, the data files associated with the calibrated
route should be kept intact and safely stored to prevent accidental
corruption during the course of future analysis efforts. 

*Total Right-of-Way Analysis and Costing System
**Norfolk Southern
***Massachusetts Institute of Technology
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INTRODUCTION AND CONCLUSIONS
The software program TRACS is a compre-
hensive set of track-degradation and costing
models designed to assist railroads in the
analysis, planning, and budgeting of track
right-of-way maintenance activities and tech-
nologies.  In a cooperative effort between the
Association of American Railroads, Norfolk
Southern, and the Massachusetts Institute of
Technology, the calibration process for a typi-
cal eastern North American coal-haul route
has been demonstrated.  By following a pre-
scribed logical process, the project team cali-
brated the study route to a correlation of 0.99
from an initial pre-calibration correlation of
0.44. A correlation of 1.0 would be considered
perfect correlation.

At the heart of the TRACS rail-degrada-
tion analysis model is the rail-wear model.
Although a user may apply the software to
perform incremental track-degradation stud-
ies with the programmed defaults, to more
accurately perform analysis for a specific rail-
way line, the rail-wear model can be calibrat-
ed to the route under study.  The calibration
process follows this process:

• Selection of the route of study.
• Information gathering and data

reduction for the selected route.
• Construction of the route, traffic,

and rail wear model files and sam-
ple runs.

• Tuning of the TRACS rail wear
model coefficients to achieve
TRACS rail wear outputs which
approximate revenue service expe-
rience. 

Once calibrated, the data files associated
with the calibrated route should be kept
intact and safely stored to prevent accidental
corruption during the course of future analy-
sis efforts.

SELECTION OF STUDY ROUTE
Only those routes for which good data on
traffic mix, traffic density, rail metallurgy, rail
wear, and lubrication and grinding practices
can be accurately calibrated.  While TRACS is
useful for a host of analytical studies, route-

specific calibration requires detailed informa-
tion.  The coal-haul route selected for study
carries 69 million gross tons (MGT) annually,
and rail-wear and traffic data on this route is
well documented.

INFORMATION GATHERING AND DATA
REDUCTION ON THE SELECTED ROUTE
Traffic Mix and Density
TRACS calculates rail wear based on individ-
ual car weights, and the frequency those indi-
vidual cars travel over the prescribed route.
The route selected for this project has a way-
side information system installed that pro-
vides axle-load and frequency data.  Using
data collected from this wayside system,
TRACS traffic mix and density files were con-
structed. These modeled traffic comprising 4
percent 200-ton (six-axle) locomotives, 82
percent 100-ton coal cars (263-kip gross
weight on rail [GVW]), 8 percent 110-ton coal
cars (286-kip GVW), and 6 percent 150-kip
GVW mixed freight.

Rail Metallurgy and Wear
This particular route has 136RE-300BHN
standard rail and 136RE-360BHN premium
rail installed.  Standard rail is used on tan-
gents and curves up to 2 degrees.  Premium
rail is used on curves equal to and greater
than 3 degrees.

From the route’s track-geometry data-
base, randomly selected rail-wear data sam-
ples were collected for each track curvature
from tangent to 10 degrees.  In most cases, 10
samples were taken for each curvature value.
From the known rail wear, rail-installation
date and historical traffic, the actual rate of
wear per 100 MGT was determined.  This
provided the basis to which the calibration
would be performed.

Lubrication and Grinding Practices
The initial precalibration run of TRACS was
performed using the TRACS default lubrica-
tion policies.  Another run was made after
selecting alternative policies.  These are dis-
cussed in the section “Sample Runs.”

It is known that on the route being cali-
brated, most curves 2 degrees and greater
have lubricators installed.  Consequently, as
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opposed to using the standard set of default
lubrication policies, a set of staged coeffi-
cient-of-friction values was constructed in the
TRACS Rail Maintenance Lubrication data-
base.  These values were set to initial assump-
tions based on previously collected data.
Further adjustment of these values is a part of
the calibration process.

Likewise, current grinding practices for
the route were input to the TRACS Rail
Maintenance Grinding database. 

Construction of route model files
The last step in constructing the calibration
database is to construct a route file.  The route
file used to calibrate the rail-wear model was
simple, containing one route segment for tan-
gent through 10 degrees of curvature, for a
total of 11 segments.  The TRACS route file
brings together the route curvature, traffic
mix and density, rail metallurgy, lubrication,
and grinding practices.  Once fully construct-
ed, sample runs may be performed.

SAMPLE RUNS
TRACS input files are text based and “data-
location” rules must be followed.  In addi-
tion, most of the inputs must fall within rea-
sonable ranges.  Sample runs are performed
to accomplish three purposes: to validate that
all input files are properly constructed, to val-
idate that all inputs fall within reasonable
ranges, and to produce the initial starting
point for the route calibration.

The rail-wear results from the first run
produced a correlation of 0.44 and indicated a
need to modify the initial assumptions.
Based on initial conservative assumptions,
TRACS significantly overestimated gage-face
wear and underestimated low- and high-rail
head wear (Exhibit 1).  A second run was per-
formed after making additional less-conserv-
ative selections on lubrication policies.  This
provided an immediate 50-percent improve-
ment in estimates to a correlation of  0.67
(Exhibit 2).  Additional runs were then per-
formed in an interactive process in which
adjustments were made to lubrication poli-
cies, grinding policies, and rail-wear equa-
tion coefficients. 

MANIPULATION OF THE TRACS
RAIL-WEAR MODEL COEFFICIENTS
In calibrating the wear model, it is important
to understand the method by which TRACS
identifies, and then estimates, rail wear in
two distinct wear regimes: mild and severe.
The step increase from mild wear to severe
wear is easily seen in the uncalibrated case, as
shown in Exhibit 1.  Mild wear estimates are
generated using a combination of tonnage,
lubrication, grinding and curvature, and are
assumed to be independent of axle load.
Severe wear estimates are generated using a
combination of axle load, lubrication, grind-
ing, curvature and tonnage.  As axle loads
and curvature increase, it is assumed that
longitudinal creep begins to occur between

Exhibit 2. Improved Estimates after Second Run

Exhibit 1. Initial Uncalibrated Wear-Model Output:
Head and Gage-Face Wear
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Disclaimer: Preliminary results in this document are disseminated by the AAR/TTCI for information purposes only and are given to, and are accept-
ed by, the recipient at the recipient’s sole risk. The AAR/TTCI makes no representations or warranties, either express or implied, with respect to this
document or its contents. The AAR/TTCI assumes no liability to anyone for special, collateral, exemplary, indirect, incidental, consequential or any
other kind of damage resulting from the use or application of this document or its content. Any attempt to apply the information contained in this doc-
ument is done at the recipient’s own risk.

A MORE DETAILED REPORT, WHICH MAY CONTAIN REVISED INFORMATION, MAY BE AVAILABLE AT A LATER DATE THROUGH AAR/TTCI,
PUBLICATIONS, P.O. Box 79780, BALTIMORE, MD, 21279-0780.

the wheel/rail interface, thus promoting
severe wear.  The threshold point at which
TRACS transfers between mild and severe
wear is controlled by the user and should be
adjusted in the calibration process.  With the
exception of very high axle loads and very
low mild/severe threshold values, rail wear
on track with curvature of 1 degree or less
will be estimated in the mild wear regime. 

Each rail metallurgy must be calibrated
separately.  Additionally, the mild and severe
wear regimes must be calibrated separately
for each rail metallurgy.  This allows for the
smooth transition from mild to severe wear
seen in the NS field data.  Beginning with the
mild wear regimes and the lowest curvatures
for each metallurgy, adjustments are made to
various rail-wear-property coefficients to
tune the model to the target wear rates.  This
is an iterative process in which an adjustment
is made followed by a wear-model run, and
repeated until the target wear rates are
achieved.

RESULTS
The initial run of the TRACS rail-wear model
produced a correlation of data between NS
actual rail-wear rates and TRACS of 0.44.  A
second run produced an immediate 50-per-
cent improvement to a correlation of 0.67.

Upon completion of the iterative calibration
process, a correlation of 0.99 was achieved, as
shown in Exhibit 3.

It is important to note that estimates of
rail life are not totally dependent on rail wear.
An excellent illustration of this is seen in the
actual NS tangent rail-wear rate to which
TRACS was calibrated.  Gage-face wear for
tangent track was measured to be an average
of 0.007 inch per 100 MGT.  With no defects,
such wear rates would indicate a rail life of
more than 5,000 MGT.  Both TRACS rail-
fatigue life estimates, and NS data indicate a
more realistic life on the order of 1,400 MGT
for this rail when fatigue considerations are
taken into account.

The route file built for the calibration
process will have one route segment for each
track-curvature condition, and each rail steel
applied in those curvatures.  In this example,
the route file used for calibration contained
11 segments (tangent through 10 degrees).
When calibration is completed, the calibrated
rail properties, lubrication codes, and grind-
ing codes are applied to any study for this
particular route.  The actual route file may
have as many segments as desired.
Experienced users note that route files longer
than 100 segments become somewhat cum-
bersome to work with; hence, a recommend-
ed practice is to consolidate very large routes
in some logical manner or break them down
into smaller subroutes.  Analysis of other
routes would require completion of the cali-
bration process.  By performing this step, a
railroad could construct a set of calibrated
route files ready to be used in performing
analyses of how rail wear might vary with
alternative maintenance, alternative or new
component technologies, or modified traffic
strategies.
Note: Contact Steve Clark at (719) 584-0729, with
questions or comments about this document.

E-mail: steve_clark@ttci.aar.com

Web site: www.ttci.aar.comExhibit 3. Final Wear-Model Output


