Ed Burkhart, Wisconsin Central president,
answers questions during the World
Congress on Railway Research.

Federal Railroad Administration and
Amtrak, RTA is sponsoring research on
high speed passenger rail vehicles with a
significant wood tie installation in the
Railroad Test Track (RTT) in Pueblo.
Additionally, in 1998, RTA will partici-
pate in the initial economic analysis to
determine how to best upgrade in-revenue
service track structure to accommodate
higher speed passenger traffic. This initial
phase of an anticipated demonstration pro-
ject will lead to what industry officials
expect to become an economic and practi-

cal template that local governments and |

railroads can use to upgrade existing wood
track for improved passenger service.

RTA’s education efforts complement
these R&D activities by removing percep-
tion barriers. Since wood tie performance
can be demonstrated, the communication
of sound practice and science is critical to
U.S. and global railway engineers consid-
ering high speed passenger corridor con-
struction and maintenance.

Gauntt and Zarembski also viewed
wood tie track in use currently in Italian
railroads and traveled on Eurostar, Italy’s
high speed passenger train. “The trip was
an exceptional opportunity for SelecTie™
and RTA members to be showcased to a
global audience,” Gauntt said. “The fact
that we were able to dispel some common-
ly held misconceptions about our industry
and wood tie performance is a bonus.”

Crossties magazine and numerous
copies of the RTA membership directory
were supplied to fill the high number of
requests for more information. “The edu-
cational effort was more effective than I
expected,” Zarembski said. “And that can
only mean better understanding of RTA
and its membership in all markets.” 4

As presented at the World Congress on Railway Research in

Florence, Italy...

Evaluation Of Life Cycle Costs Of Alternate
Tie (Sleeper)/Fastener Systems And Their Use
In Defining Maintenance Policy And Practice

Summary

- The selection of the optimum track systern
: configuration is very much dependent on the

performance requirements and economic

| characteristics of the rail operation that is

being configured. One of the key decisions
in selecting an appropriate track system is
the selection of the proper crosstie (sleep-
er)ffastener system. The range of available
systems include a wide selection of crosstie
(sleeper) and fastener types and materials

By Dr. Allan M. Zarembski & James Gauntt

and their associated purchase price, installa-
tion cost and maintenance activities. As a
result, the selection of the economically
“optimum” system will vary greatly based
on purchase prices, material and labor costs,
and requirements of the rail operation itself.
In order to help in this decision making
Jprocess, economic analyses models have
been developed and implemented. These
models are life cycle costing models that
take into account not only initial costs but
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Figure 1: SelecTie II life cycle model for comparison of alternate crosstie systems.

also maintenance activities which occur over
the life of the irack system. By accurately
accounting for these costs, and their associ-
ated timing, it is possible to evaluate alter-
nate design configurations and cost struc-
tures in order to help select the system that is
“best” for a given operation and geographic
jocation. One such model, the Railway Tie
Association’s SelecTie™ Model, has been
used by various railways in making deci-
sions as to where to use different tie/fastener
configurations and systems. The SelecTie
Model has been widely used in North
America by railroads representing over
200,000 miles (300,000 kilometers) of track
under a broad range of operating conditions
including heavy axle load freight and lighter
axle load passenger operations. Its focus is to
assist in the decision as to the most cost
effective (on a life cycle basis) crosstie mate-
rial. The model, with its easy-to-use format
and structure, has been the basis for deci-
sions as to what ties to use {wood vs. con-
crete) and the definition of the usage
“boundaries” (in terms of curvature and ton-
nage categories).

Introduction

As railroads continue to experience firancial
constraints and associated budgetary restric-
tions, the selection of track components that
provide the lowest overall cost throughout
their life cycles becomes of increased impor-
tance. The selection of the optimum track
systemn configuration is very much depen-
dent on the performance requirements and
economic characteristics of the railway oper-
ation that is being configured, as well as its

22

operating and maintenance practices.

One of the key decisions in selecting an
appropriate track system is the selection of
the proper crosstie (sleeper)/fastener system.
The range of available systems include a
wide selection of crosstie (sleeper) materials
[e.g. timber, concrete, steel, plastic] and a
similar wide range of fastener types [cut
spikes, elastic fasteners, threaded fasteners,
etc.]. Concurrent with this wide range of
materials and configurations is a comespond-
ing range in purchase price, installation cost,
and maintenance activities (and correspond-
ing costs). As a result, the selection of the
economically “optimum™ such system will
vary greatly based on purchase prices, mate-
rial and labor costs, and requirements of the

rail operation itself (to include such factors
as traffic density, speed, axle load, type of
traffic, efc.).

However, even before an economic deci-
sion can be made, it is first necessary to
ensure that the performance of the different
components under consideration is adequate
to meet the needs of the intended service.
This is the first step in the selection of a suit-
able track configuration, in general, and a
snitable tie (sleeper)/fastener configuration
in particular (Zarembski, 1988). Thus, it is
necessary to identify suitable component
candidates that have sufficient “strength” to
function and survive in the railway environ-
ment being considered. This is generally
accomplished through the use of perfor-
mance specifications, which define the range
of performance deemed acceptable by the
railway for each class of operating condi-
tiens. Such performance standards have

" been developed for both timber and concrete

sleepers (American Railway Engineering
Association, 1996) and their respective fas-
tening systems (Zarembski, 1984, 1987) and
have been used by both industry associations
and individual railways in determining the
adequacy of the tie system. These specifica-
tions, when used in combination with labo-
ratory tests and field trials, provide the level
of confidence needed by the railway in order
to consider the component(s) to be safe and
adequate for installation in track.

It is only when the tie/fastener component
or system has been shown to provide ade-
quate performance that its relative econom-
ics can be considered. At that point, the ques-
tion becomes whether the cost of an alternate
component is economically viable with the

Figure 2: Effect of curvature of the relative economics.
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ROI vs Annual MGT
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Figure 3: Effect of MGT on the relative economics.

more traditionally used component. The his-
tory of the concrete crosstie in North
America is a good example of this two-step
process. While concrete tie designs had been
introduced as early as 1893 (Hay, 1982), it
has only been in the last two decades that
their performance has been deemed to be
adequate to withstand the severe loading

avironment of North American freight
operations. With the introduction of an
American Railway Engineering Association
specification and the successful installation
of several large scale test sites in severe load-
ing environments, the issue of “adequate”
performance of concrete ties was finally met
in the 1980s.

At that point, the economics of the alter-
nate tie and fastener systems entered into the
consideration of railway engineers. With
adequate performance, the relative econom-
ics of these alternate systems must be com-
pared with the existing conventional sys-
tems, wood ties with cut spikes. In addition,
the relative economics of these systems

H

would have to be compared with several
other technically proven systems, such as
wood ties with alternate (elastic) fastening
systems.

Such an economic comparison however is
not a simple matter. Because different
tieffastener systems exhibit different lives,
require different maintenance activities, and
affect other maintenance activities different-
ly, simple comparison of the initial or “first”
cost is not adequate. Rather, a comprehen-
sive comparison of the costs and benefits of
the alternate systems, over their entire ser-
vice lives is required. This entails a “life
cycle” cost analysis of the alternate systems.

Life Cycle Models

The performance of life cycle analyses is
complex, in that a large number of factors
must be properly accounted for. These fac-
tors are often strongly interdependent; thus,
changing one affects many of the others.
Thus, the relative economics of 2 major track
component such as the crosstie are not con-

stant for all conditions, but vary as relative
costs and operating conditions vary.

In order to keep track of and properly
account for these interdependent factors,
economic analyses models have been devel-
oped and implemented. These models are
life cycle costing models that take into
account not only initial costs but mainte-
nance activities (and costs) which occur over

the life of the track system. By accurately -

accounting for these costs, and their associ-
ated timing, it is possible to evaluate alter-
nate design configurations and cost struc-
tures in order to help select the system that is
“best” for a given operation and location.

Such a life cycle cost model combines the
life and cost (both capital and maintenance)
of the product, the crosstie or sleeper, into a
quantitative economic measure of overall
product “performance.” Thus, these models
represent a tool for use by railroad personnel
in making optimum economic decisions
concerning material selection that are specif-
ic to both the actual operating conditions and
the maintenance practices of a given line,
route, or territory.

SelecTie™
One of the most successful of these life-
cycle economic models is the SelecTie™
model developed for and distributed by the
Railway Tie Association, the association of
crosstie producers in North America.
SelecTie™ was first introduced in 1989 as
a spreadsheet model for comparing the rela-
tive (life cycle) costs of concrete and wood
crossties with varying fastener types
(Zarembski, 1989). SelecTie™ was obtained
by virtually all of the major US. and
Canadian railroads for their own internal use
in evaluating these comparative economics.
As the first user-friendly, personal computer
based crosstie model, it quickly became the
standard for life cycle modeling of alternate
crosstie configurations. With over 2,500 line
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items of user changeable data, immediate access to the results of analy-
ses, and research-based life cycle equations, the user was quickly and
easily provided with a look at the crosstie’s costs over ifs active service

fe. Economic comparison of alternate materials and maintenance
practices could thus be performed, with immediate results. By provid-
ing the user with the present value costs for each component option,
wood vs. concrete, together with the corresponding return on invest-
ment, the user had the ability to determine which alternative was the
best economical choice.

SelecTie™ 11 (See Figure 1) was recently introduced as an upgrade
to SelecTie™ and represents a new generation of a comprehensive
engineering economics model designed for use on a personal comput-
ef running Microsoft Windows 3.1 or higher. This model combines the
easy to use Windows operating environment and a sophisticated ana-
Iyticai approach that provides railroad users with a user-friendly deci-
sion support too]. SelecTie™ II contains standard features common to
Windows that will make most vsers familiar with the Windows envi-
ronment comfortable in accessing and changing data in the SelecTie™
II program. These features include pull-down menus, an icon-based
toolbar, common file selection and print dialog windows, online help,
etc. (Palese 1997).

Analysis Approach
The analytical approach used in this model is the present worth analy-
sis approach, in which all the costs associated with the two alternative
systems are examined and compared in terms of a “present worth.” In
this approach, all future costs or savings associated with the two sys-
tems, such as future replacement or maintenance costs, are brought to
the present, and the “worth”™ of these future costs calculated using an
opropriate interest rate (thus taking into account the time value of
money).

This approach is taken for each of the major cost categories for the
alternative tie/fastener systems:

Initial costs are costs that are incurred at year ¢ and include initial
component costs, initial installation costs, cost of additional ballast (at
installation), undercutting cost (at instaliation) and salvage value due
to components removed from the track.

Life cycle costs are cost streams (i.e. cycle of costs) that are incurred
in the future, rather than at the present. These include maintenance
costs, operating costs, derailment risk, etc. As noted previously, these
future costs must be converted into their “present” cost. The specific
cost areas addressed by the model include: rail replacement costs, rail
transposition costs, tie replacement costs, basic track force costs, con-
crete tie repair costs, surfacing costs, undercutting (maintenance) costs,
rail grinding costs, gaging costs, anchor adjustment costs, fuel costs,
derailment costs.

Note, not all costs are applicable to each of the component systems
(i.e. concrete ties with elastic fasteners do not require gaging or anchor
adjustment). These different costs are then combined, in terms of “cur-
rent” dollars, to determine if there is a net benefit for either tie/fasten-
er system.

In examining the life cycle component and maintenance costs, it
became apparent that component lives and maintenance cycles are
dependent on specific track, traffic, and operating characteristics which
are specific to a given location and/or railroad. Therefore, in order to

How for such a model to be used in determining the relative econom-

- ics of the different systems, it was necessary to make the model itself

sensitive to these characteristics that influence lives and corresponding

costs. Track characteristics include curvature, grade, rail weight, tie
CONTINUED ON PAGE 28
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CONTINUED FROM PAGE 25
spacing, ballast depth, superelevation, pre-
mium rail and lubrication. Traffic character-
istics are operating speed, axle load and traf-
fic density (annual tonnage).

The economic characteristic is interest
rate. The different costs are component
(material) costs, labor costs and operating
costs. For maintenance activities, see listing
under life cycle costs.

By providing the user the ability to vary
each of these areas, the desired level of flex-
ibility and sensitivity is achievable in this
cost benefit model.

Sensitivities

A life cycle model, such as SelecTie™, is
capable of analyzing a large range of condi-
tions, with the final results, the relative ben-
efits of wood vs. concrete crossties, depen-
dent on the specific assumptions and input
values. Since there are hundreds of variables,
the model has a built-in capability of per-
forming sensitivity analysis that allows for
the evaluation of the sensitivity to key vari-
ables which affect the relative costs. Such a
sensitivity analysis is illustrated in Figures 2
and 3, which show the effect of changing
curvature and MGT respectively (note the
“base” values for this sensitivity include
annual tonnage of 50 MGT, a timber tie cost
of §27.74 and a concrete tie cost of $41).

Figure 2 presents the Remn on
Investment (ROI) for concrete tie track as a
function of the track curvature (all other vari-
ables being held constant). As can be seen in
this figure, there is a negative benefit (RO
for concrete tie track for curvatures up to 5
1/2 degrees. Beyond that value, the ROI for
concrete becomes positive. This indicates
that for this base case, wood tie track is more
economical until approximately 6 degrees
after which concrete tie track becomes eco-
nomically viable.

Ir a similar manner, Figure 3 presents the
effect of varying the annual MGT for the
base case with a curvature of 5 1/2 degrees.
As can be seen in this figure, the ROl for
concrete tie track becomes positive as the
annual tonnage increases above the MGT
per year. Thus, for the base case shown (and
all of the associated assumed values for the 5
1/2 degree curve), if the annual MGT
increases above 50, the ROI becomes posi-
tive for the conversion to concrete tie track.

As can be seen from these two examples, as
individual variables are changed, to include
track, traffic, maintenance or cost characteris-
tics, the specific *“break even” points for the
two sets of anatysis will change.
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Use of SelecTie™ By Railways
The SelecTie™ Model is the most widely
used such economic model in North
America, having been used by railroads rep-
resenting over 200,000 miles of track
(300,000 kilometers) under a broad range of
operating conditions to include heavy axle
load freight and lighter axle load passenger
operations. This model has been used exten-
sively by freight railroads, passenger rail-
ways and transit systems in both the United
States and Canada to assist in the decision as
to where and when to use alternate crosstie
materials and has been the basis of major
policy decisions on the use of these materials.
For example, CP Rail, one of the two
major Canadian railways, used SelecTie™
in its evaluation process when it made the
decision in 1989 to standardize on a premi-
um wood tie for all of its heavy usage lines
and conventional wood ties for its lighter -
usage lines. In the analysis, it found that the
economics of concrete ties were not favor-
able in light of its own costs and operations.
Other railroads, such as CSX and Union
Pacific in the United States, which made the
decision to use concrete ties on select heavy
usage (high curvature, high density) lines,
made use of SelecTie™ to define the
“boundaries” for this usage. This was done
by performing sensitivity analyses such as
shown in Figure 2. Experience led to a fur-
ther refining of these boundaries, and more
intense scrutiny of the interdependency of
the variables (curvature, traffic density,
speed, etc.). Norfolk Southem and
Burlington Northern recently upgraded their
models to include the newest life-cycle equa-
tions and forecasting tools as part of their
ongoing economic decision making process.
Other rail systems, sach as commuter rail-
ways (Los Angeles Metrolink) use
SelecTie™ to decide between wood and
concrete ties for rehabilitation and upgrade
projects.

Summary

‘The issues associated with the overall costs
and benefits of alternate track components,
such as timber and concrete ties (sleepers),
are complex and interwoven. As such, it is
not possible to universally state when con-
crete is economically viable or when wood is
the economically attractive alternative.
These decisions must be made on a case-by
case-basis.

Because of the number and range of vari-
ables that affect such a decision, use of a
sophisticated analysis model is often the best
way to proceed. This was the case in North

X.

America with the SelecTie™ model.

Such detailed analyses show that there are
locations and conditions under which either
wood or concrete tie track is economically
viable. That is, there are locations in track
where wood is the economically attractive
alternative and there are locations in track
where concrete is an economicalily attractive
alternative. However, specific analysis must
be carried out to define the respective bound-
aries. This was the process used by different
raiilway systems in the United States and
Canada to help decide if they should use
concrete ties, where they should use them,

. and how best to install and maintain them.

This latter area, which also aliows for exam-

" ination of alternate maintenance practices to

include gang size, make-up, and productivi-
ty, makes it possible to examine the effects of
different maintenance practice on overall
(life cycie) costs. This allows for the ultimate
broadening of this type of economic analysis
model to investigate the sensitivity of track
costs to a wide range of variables both with-
in and outside the control of railroad engi-
neering departments. As such, it offers the
potential for being an extremely powerful
economic analysis tool, one which cost con-
scious railways must make use of in order to
help them get the maximum benefit for each
“dollar” of expenditure.
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