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PREFACE

This is one of several technical reports prepared in support of the
Secretary of Transportation's Report to Congress on the DOT Truck Size and
Weight (TS&W) Study mandated by Section 161 of the Surface Transportation
Assistance Act of 1978. This Volume, No.2, documents the conduct and results
of one of the many specific areas of investigation, the effects of truck size

and weight limit changes on carrier costs, and average freight charges.

This report presents the basic data and analytical methods required to
estimate likely changes in average prices of various transportation services
attributable to specific changes in truck size and weight limits. Cost based
"rates" (or average unit revenues) are calculated for specific services by
allocating the full economic cost of specific truck trips to appropriate
truck payloads. Changes in freight rates attributable to changes in the
truck performance characteristics could affect the competitive relationships
among the various highway and rail carrier groups and could cause substantial

changes in highway traffic growth patterns.

The extensive data collected and the preparation, analysis, and docu-
mentation have been the responsibility of the joint authors under the overall
technical direction of Domenic J. Maio, Manager of the TSC portion of the DOT
TS&W Study. Validation of the TSC cost/rate models to published tariffs and
disaggregate average revenues for general freight, as documented in Appendix
I, was performed by Wayne Stoddard of Raytheon Service Company. Comparison
of TSC cost/rates for specialized truck services with published commodity
truck rates, presented in Appendix K, was performed by Patricia Kurkul of

Raytheon Service Company.
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1. SUMMARY

This Technical Supplement Volume provides an evaluation of impacts
on the economics of various truck and rail freight markets that could
result from changes made to the present system of limits on truck
sizes and weights. It documents the basic data, the analytical tools and
the preliminary findings concerning potential cost effects on various
carrier groups and price effects on various shipper groups resulting from
specific changes to the truck size and weight limits., The overall TSC
project, of which this is a part, requires assessment of impacts in terms
of changes in carrier operating costs, prices of specific market services,
market shifts among carrier groups, and energy consumption. The methods
and data encompassed in this report were designed to be generally applicable

to any carrier group or market situation by modifying certain key inputs.

The focus of this report is on the development of estimates adequate
to represent price and profitability level changes for each of several
carrier groups attributable to specific alterations to the present truck
and rail operating environment. Thus, this report attempts to represent,
as a base, the truck and rail carrier services as they existed in the 1977
base year and then estimate changes in their respective systems that
could occur if a primary factor such as vehicle load capacity were affected

by specific changes to size and weight limits.

Transportation prices, developed as an end product of the method

herein described, represent all freight carrier costs of providing a



specific service including some average level of carrier profit. The
price (or cost/rate, as it is referred to in this paper) is calculated
as a specific average charge and is used as a surrogate for a freight
rate taken from a published tariff for a specific movement. Comparisons
of these cost/rates with actual rates taken from published tariffs and
comparison with disaggregate average revenues of actual shipments
indicate that this approach will be accurate enough for the intended
use. It is presented as the only feasible forecast of a constant dollar
freight charge in a future year for a specific truck size and weight
scenario, given the complex rate structure and the unpredictable result
of the rate making process. The published applicable freight rate may,
at some future time, actually return a greater than average or less than
average profit for a given movement and a direct pass-through to the
rate of specific cost changes may or may not occur depending upon the
level of profit and the degree of competition in the specific market.

Although this pricing method has been developed with the objective
of highlighting specific vehicle configuration and load capacity changes
resulting from specific changes to certain size and weight regulations,
they are easily applied to the amalysis of variations in truck and rail
operations induced by other regulatory changes.

The cost estimates developed in this report for both truck and rail
apply mainly to the most predominant truck and rail configurations cur-

rently involved in the transport of shipments. However, they have been

‘2‘



adapted to represent Western Doubles,l Turnpike Doubles,2 and Triple 27s.3
Specifically, truck costs have been developed for dry van operations
used for general freight merchandise traffic, as well as other dedicated
services requiring specific equipment types, such as refrigerated vans,
tanks, platform/racks, auto transports, and bulk dump operations. Rail
costs for conventional general service box carload, TOFC/COFC4 dry vans
and specific equipment types of refrigerated cars, tanks, platform/racks,
auto transports, hopper/gondola unit trains, and TOFC refrigerated vans
are presented to be comparable with highway operations.
The cost formulae developed have enough flexibility to reflect varia-
tions for both truck and rail in terms of operations, equipment, as well
as any projected changes (in excess of general cost inflation) in fuel
prices, labor rates, highway user charges, and other items. Basic parameters
isolated for both truck and rail cost development were carrier type, equip-
ment type, shipment size, and geographical region. The resulting costs
reflect significant differences among these modal subdivisions. Because
of the many parameters needed to be studied and the need to isolate sensitive

components of cost, none of the currently available costing tools were

A Western Double represents a tractor-trailer combination in which
the prime mover is a two-axle cab over engine tractor pulling two
27-foot trailers. The overall length of a Western Double is 65 feet,
and the axle configuration can be noted as 28-1~-2.

A Turnpike Double represents a tractor trailer combination in which the

prime mover is a three-axle tractor pulling two 40-45-foot trailers. The
overall length of a Turnpike Double varies between 102-108 feet depending

on the type of tractor used (cab over vs. cab behind) and the axle configura-
tion can be noted as 3S2-4 or 352-3.

A Triple 27 represents a tractor-trailer combination in which the prime
mover is a two or three-axle cab over engine tractor pulling three 27-foot
trailers. The overall length of Triples is 95 feet, and the axle configu~
ration can be noted as 251-2-2 or 351-2-2.

B~

Trailer/container on flat car (TOFC/COFC) trains represents an inter-
action between truck and rail modes in which the services of both
modes are used in the transport operation. For this study, TOFC
operations were estimated assuming trailers of 40 and 27-foot lengths.

T

e ——————
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found to be suitable in terms of comprehensive treatment of total trip
cost, compatibility among carrier groups, treatment of varying carrier
capital structures and levels of profit, and data quality. However,

selected components of the existing tools were used.

A parametric analysis presented in Section 5 suggests that the
olimination of current state prohibitions on the general use of Western
Doubles will reduce the cost of transporting less than truck load shipments
by regular route common carriers by about 11 percent. This increases the com-
petitive advantage of truck over rail for a market which is already dominated
by motor carriers. The very small rail share of LTL market is in Freight
Forwarder use of TOFC. Even if the 27-foot twin trailer rigs were used
by the Forwarder, the cost savings in the collection/distribution would
not compensate for the cost increases for rail terminal handling and
1ine haul of 27-foot trailers on flat cars using existing technology and
operations. Western Doubles can provide savings of 10 percent to 16
percent for all low demsity truck load traffic, but, the greatest attraction
at present is the reduction of cross dock handling offered to regular
route motor common carriers of LTL traffic. It is not clear whether
or not the truck load carriers would opt for Western Doubles for low density
traffic if the present prohibitions were lifted. The present non-
uniform situation imposes a requirement for a mixed fleet of equipment

which negates the potential carrier cost savings.



Axle load and gross weight changes of about 10 percent (the current
range above and below the federal standard for the conventional tractor
trailer combination) reduce competitive general freight truck load
shipment costs by 7 percent to 9 percent, thus extending the break-
even haul distance between highway and rail TOFC from 310 to 360 miles.
Highway user tax levels would have to increase to about five times the
1977 level in real dollar terms to negate the competitive price ad-
vantage that would be gained by highway carriers over rail TOFC carriers
of general freight by a 10 percent capacity increase.

Rising fuel prices tend to have a slightly greater impact on truck
cost/rates than on rail cost/rates, but not enough to significantly
change the competitive price relationships between the highway and rail
carriers. A five-fold increase in fuel costs (which implies the product of
fuel price and efficiency) above the 1977 levels would increase the truckload
general freight cost/rate by 29 percent on the highway and by 22 percent on
rail TOFC. This clcses the rail/truck differential by 7 percent in the shorter
ranges and just begins to compensate for the 7 percent to 9 percent capacity
induced truck price improvement.

The potential reduction in cost/rates attributable to use of turnpike
doubles in lieu of conventional semis is directly related to the higher
payloads specific truck services can attain. TFor full truck load ship-
ments, turnpike doubles can provide a 13 percent saving for vans carrying
general service merchandise, while dump trucks carrying products of mining,
or platform trucks carrying heavy manufactures can realize the largest

cost/rate reductions of around 23 percent. Truck's competitive position



with rail services is improved with the availability of turnpike doubles.
Dry van truck load services, with gross weight limits controlled by the
bridge formula and single/tandem axle loadings of 22.4k and 36k pounds,
will be competitive with rail TOFC at distances up to 650 miles. Refriger-
ated vans utilizing turnpike doubles appear even more attractive compared
to rail TOFC. Motor carriers are able to compete with TOFC refrigerated
vans up to distances of 1150 miles at these high weight limits.

Axle and gross weight limit changes will have a greater economic
effect on special commodity services than general commodity services
because line haul costs represent the major portion of total cost/rates
for special commodity services. Cost/rates of special commodity services
using conventional semis will increase around 10 percent, if GCW limits
are rolled back from the current federal level (80/20/34) to the 1956
level (73/18/32). Only a 4 percent decrease in cost/rates will be
realized if GCW limits are increased to the heavy axle limits (22.4/36)
compared to the current federal level. The largest productivity gain
(11 percent for dry and refrigerated vans, 14-16 percent for other
special commodity services) for full truck load services will be realized
if turnpike doubles are substituted for conventional semis while main-

taining the current federal axle limits (20/34).



2. BACKGROUND

The Department of Transportation is conducting a broad and
comprehensive study of truck size and weight limits in response to
Section 161 of the Surface Transportation Act of 1978. The DOT
study is designed to provide estimates of economic, institutional
and social impacts and to develop policy recommendations relative
to uniformity of maximum truck size and weight limits throughout
the United States. Seven major areas of investigation have been
identified and responsibility for each has been assigned to G;rious
organizations within the Department.

l. Intermodal Competition

2. Highways and Bridges

3. Non-Uniformity Among States

4. Highway and Motor Carrier Safety

5. Energy Consumption

6. Environmental Quality

7. Policy Analysis, Development and Recommendations

The Transportation Systems Center (TSC) has been assigned the
task of investigating the Intermodal Competition and Energy Consump-
tion impacts of truck size and weight limit changes and the develop-
ment of forecasts of highway freight traffic which are critical
inputs to the other areas of investigation. The TSC assignment
involves estimation of the effects of defined specific changes in
the present system of vehicle size, configuration, axle and gross

weight limits on both truck carriers and rail carriers in terms of
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changes in their respective operations, costs, profitability and
service performance, as well as fuel consumption. Changes in the
performance characteristics might translate into changes in freight
rates and/or service quality offered to shippers and receivers. Such
price and service changes could effect the competitive relationship
among the various highway carrier and rail carrier groups and could
cause substantial changes in highway traffic growth patterns by
causing shifts of markets (e.g., between truck and rail carriers
and between private and for-hire trucking). The balance that may
currently exist in certain markets and/or the modal growth trends
recently observed could be substantially changed.

It is apparent that the accuracy of projected impacts in each
of the above listed areas of investigation is dependent upon the
accuracy of the estimates of future growth of highway freight
traffic developed as part of the Intermodal Competition Study. In
turn, the accuracy of the traffic growth forecasts is dependent upon
the accurate representation of truck and rail operations, services
and the economics of the for-hire motor carrier, private trucking,
and the competing rail services. It is necessary, therefore, to
apply the mosg.comprehensive and accurate costing methods available
to assess the competitive impacts of specific truck size and weight scenarios
and to forecast potential market shifts and the resultant effects on the growth
patterns of highway freight traffic.

The present state-of-the-art in cost modeling was reviewed by

TSC and was found to be inadequate for this Truck Size and Weight



(TS&W) Study.

deficient in one or more of the following areas:

1.

10.

Functional costing categories cover only one portion of the
total cost of the actual operation (i.e., line-haul).
Inadequate or considerably outdated data bases could not
be updated without Surveys or other expensive and time
consuming methods.

Not applicable on other than a national aggregate basis.
Not reflecting current financial or capital rquirements.
Containing an indexing procedure to update costs that is
not current for all regions or carrier types.

Containing unit cost outputs that are not compatible for
more than one mode or one carrier group.

Cost cannot be converted to match any particular service or
equipment type.

Rates or rate models used are not sensitive to changing
profit level variations among types of carriers or markets,
nor are they sensitive to changes in carrier operating
costs attributable to system or technology changes.
Requires estimation or sampling procedure of a larger

data base, but cannot identify any specifics such as
equipment types, operating types or regional analysis.
Contains no return to invested capital other than debt

expense,

In general, prior costing efforts were each found to be



11. Not amenable to changes in the necessary input variables
to measure future impacts.
12. 1Individual carrier groups or operating types cannot be
isolated.
Several of the models were investigated and seven (7) proved to
have applicability in some areas. These are the Association of American

Railroads5 truck cost model, the C.A.C.I.6

modal simulations, rate
models used in the M.I.T. City-Pair Logistics Model] H. 0. Whitten
Transport Cost Functions,E3 M.I.T. Econometric Cost Functions,9 and the

10,11
TSC Rail and Truck Cost Models. ’ These previous costing efforts were

developed for special purposes and each has been found unsuitable for

Martin, W. AAR Truck Cost Model, Association of American Railroads
Technical Memorandum 78-12. October 16, 1978.

"Freight Transportation Energy Use." Report No. DOT-TSC-0ST-79-1,
prepared for U.S. DOT, TSC, by CACI, Inc. July 1979 Final Report.

"An Equilibrium Analysis of Selected Intercity Freight Markets:
Trucks With Double Trailers Vs. TOFC Shuttle Trains As Energy
Conservation Alternatives." M.I.T. Center for Transportation
Studies, CTS Report #77-25. December 1977.

"Development of Transport Cost Functions." Herbert 0. Whitten &
Associates. August 26, 1976.

"Equity, Efficiency and Resource Allocation in the Rail and Regulated

Trucking Industries." M.I.T., Center for Transportation Studies for
U.S. DOT, March 1979.

10 "Freight Market Sensitivity to Service Quality and Price." U.S.

DOT/TSC Staff Study, SS-223-Ul—32. December 1977.

11 . .
"Railroad Cost Modeling, Volume I," by John F. Murphy, US DOT/TSC

Staff Study, SS-212-41-27. September 30, 1976.
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exclusive use in this project. However, portions of these previous
modeling efforts have been used either in our actual calculations or
as a guide for development of the TSC models.

An approach was needed for the TS&W Study that would provide a
relatively simple and systematic method of estimating potential changes
to transport prices. It is necessary to estimate price changes
through changes in carrier costs for specific services, and average
profit levels for specific regional carrier groups. Actual market
specific rates or rate models based on a sampling of rates would
require extensive data gathering and modeling of substantial scope.
The product of such an effort would represent the present rate
structures which are a reflection of the competition, route, ease of
entry, market size, and existing regulatory systems. However, use of
historical rates or aggregate rate models may not reflect what could
occur if any of these current constraints were changed. Therefore,
it is simpler, less costly, and as informative in any intermodal compe-
tition or market shift study of this nature to estimate the full
economic cost of the affected transport services.

Although the chosen approach is to use carrier reported costs
for specific services in specific markets, rather than the published
freight rates, the necessary rate/revenue/cost relationships are
included. The cost/rates produced by the TSC models include the
industry average profit for the operation. The existing rate/revenue/

cost relationships are, therefore, reflected in these cost models.
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These rate surrogates are created by calculating an average
return to total capitalization for each carrier group including
not only debt cost, but the historical dollar profit levels that each
carrier group has been earning in the chosen base year. Any change
to the operating cost attributable to changes in truck capacity will
be assumed to be directly passed on to the consumer/shipper in the
form of reduced or increased rates or charges for services.

It is not clear at this point in the study just how much pass-
through of cost changes to freight rates can be projected in markets
of high or low competition and low or high profit levels. It might
be assumed that in markets of low competition profits are higher
than average and, therefore, cost reductions are slow to pass—through;
while in markets of high competition, the reverse might be true.
Pending further study on this issue, it was decided that the carrier
cost plus the average capital structure and returns for each carrier
group was the most appropriate means of reflecting impacts on the
transport prices.

The basic assumption behind the approach to pricing is that
average revenue yields, over the long run, will approach costs plus
some acceptable return to capital. Therefore, an approach such as
this, in general, recognizes current government regulatory efforts
to increase market competition and to provide carriers more pricing
flexibility. Thus, assuming some degree of success at providing
the industry with greater competition and pricing freedom, in general,

prices will begin to develop a consistent relationship with the
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costs of providing the service. This approach also provides the
means to reliably assess impacts on carrier costs and specific market
prices attributable to specific changes in the TS&W limits.

Various equations and input data from the above listed existing
cost models were synthesized to develop sets of equations (models)
that are responsive to the TS&W project's needs. Specifics on these
costs and equations are more thoroughly discussed in following
sections of this report.

2.1 Purpose and Scope

The Transportation Systems Center (TSC) has been assigned a
series of specific tasks in the aforementioned overall DOT TS&W
Study. The assignment is to evaluate certain impacts of changes
to the present federal and state limits on truck size and weights.
TSC must evaluate the effects of such changes on both motor and rail
carriers in terms of these carriers' operations, costs, revenues,
profit levels, and fuel usage. Changes to the carrier operations
and their economic situations could result in changes to the related
freight rates charged to the consumer of these services (shippers and
receivers). This in turn could cause shifts in certain markets among
various carrier groups. The potential shifts in markets among modes
and carrier types, the resultant truck traffic attributable to the
altered operations, and the economics of these carriers must all

be estimated by TSC.
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This TSC Technical Supplement Volume concentrates on the cost
tradeoffs involved in alternative sets of limits that might be imposed
on truck and rail services in the interest of establishing national
uniformity among states. The intent of this report is to provide an
understanding of the sensitivity of transport economics to the alterna-
tive TS&W limits, to describe the cost analysis used, and to document
the input data and the basic assumptions made in this effort. This report
provides the results in the form of a parametric cost analysis reflecting
the potential impacts of a large, array of possible changes on the
economics of various carrier groups. These potential cost/rate impacts
are demonstrated through the applications of the appropriate costs to
the various configurations and volume/capacity scenarios outlined in
another technical supplement volume.12 The results in Section 5 show
what economic benefits or liabilities could occur to competing carrier
groups if the present system of limits is changed, and what effects on
the competitive relationships certain changes could cause. No attempt
has been made as yet to size the individual markets effected. This will
be the subject of a subsequent report.

In conclusion, the cost/rates are presented as the average prices
for various shipment categories reflecting 1977 average profits for

the carrier types/groups, and 1977 average levels of labor, capital,

12 "Analysis of Truck Payloads Under Various Limits of Size, Weight

and Configuration," by J. Mergel. Technical Supplement Vol. 1,
November 1980.
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maintenance, fuel price, and fuel consumption rates, and highway user
taxes, etc., required for each unit of throughput. The cost/rate
estimates presented in this paper are inputs to subsequent steps in the
TSC project of analyzing the potential shifts of markets between specific

carrier groups and modes which are reported in Technical Supplement

Volume 4.
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3. OVERVIEW OF MODELS AND DATA

3.1 Primary System Parameters for Costing

The models developed here should be described as the result of an
engineering, cost accounting, and an economics approach. They incor-
porate a wide range of primary and secondary parameters that are
sensitive enough to produce unit costs for specific categories of
operations. However, these unit costs are the result of many front-
end assumptions concerning the primary parameters and these should be
discussed accordingly.

3.1.1 Functional Areas

The first parameter to be considered is one of a functional
nature. Reviews of other models reveal that in many cases only the

3 or only a "total cost"14 was the resulting cost output

"line-haul"l
of the model. Although it is safe to assume that any changes to the
present TS&W limits will primarily affect line-haul costs, some changes,
such as the use of Western Doubles, may affect "terminal handling"

and "pick-up and delivery" costs. Therefore, it is necessary to

treat each function separately, when possible. Since it is the

door-to-door freight rate or price that is the dominant determinant

of the carrier choice, the impacts of changes to the functions most

13 Line-haul costs refer to operating expenses incurred in the move-

ment of revenue freight from a specific origin to a specific
destination. Other cost components such as pick-up and delivery,
platform or terminal handling are excluded from the cost components.

14 Total cost models deal with aggregate system statistics. The
amount of detail of a carrier's operation is low in that one
cannot differentiate between individual service movements.
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affecting the total price have to be determined. Therefore, the
major functions identified as pertaining to that total price are:

1. 1line-haul

2. other terminal activities

3. pick~up and delivery

4. platform handling

5. all others.

After analysis of these functions it was determined that for
purposes of this project they could be aggregated to the two major
functional areas of: (1) line-haul and (2) terminal area. These
two areas represent the aggregate of:

1. Line-haul -- all costs associated with the transportation

from an origin to a destination including equipment ownership
and maintenance.

2. Terminal area -- all costs associated with (a) pick-up and

delivery; (b) across the platform handling and collection

at the origin, destination, intermediate terminals, and

other terminal activities; and (c¢) all other company over-

head costs such as bill collecting, marketing, G&A, etc.
Throughout this report, these cost areas will be referred to as line-
haul and terminal area.

3.1.2 Body Types: Truck and Rail

Another major cost parameter to consider is the body types that
should be used to represent the majority of movements for the particular

subgroups of markets under study. In addition, appropriate configurations
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should be matched to specific services and equipment types to accurately
reflect truck and rail operations. General service merchandise dry van
trailers were isolated and analyzed in the preliminary December 1979
report. This analysis is an expansion of that report, including other
body types, such as refrigerated vans, tanks, platform/racks, auto
transports, and dumps. The cost of '"singles' vs. "doubles'" vs.
"triples'" is analyzed for all equipment types. Different truck con-
figurations and body types have inherent advantages for different
commodities and shipment sizes.

Rail is treated on a comparable basis with truck operations in
this report. Rail costs have been developed for general service box-
car, dry van and refrigerated van TOFC/COFC, refrigerated car, tank
car, platform/rack car, auto transport car, and hopper unit train car.
Specialized car types are differentiated from general freight operations
by estimating the effects ownership, maintenance and fuel costs among the
various services involved.

3.1.3 Shipment Size

Two major types of shipment sizes have been isolated in this paper. There
are major differences between types of operations which characterize less
than truckload (LTL) and truckload!® (TL) services. The costs associated
with these different shipment sizes are isolated. In addition, truck configura-

tions are separated out and matched with specific types of traffic.

15Less than truck load shipments, by I.C.C. definition, means any shipment
which moves a single bill of loading and weighs less than 10,000 pounds,
actual weight.

16Truck load shipments, by I.C.C. definition, means any shipment which moves
on a single bill of lading and weighs 10,000 pounds or greater, actual weight
and fully utilizes the weight and/or cubic capacity.
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In the terminal area, LTL traffic requires additional costs in pick up
and delivery and terminal handling because of the inability to fully load
the line haul truck. TL traffic minimizes costs in pick up and delivery and
terminal handling because the truck is usually loaded to its capacity. TL
traffic in some instances does incur terminal costs. Because of this it was
necessary to separate TL traffic into full truck load (FTL) and partial truck
load17 (PTL) shipments. PTL traffic, unlike FTL traffic, does not quite fill
up the line haul truck and is usually sent to the terminal to be topped off
with LTL traffic. PTL shipments will incur additional costs in pick up and
delivery and terminal handling, but not as great as LTL traffic.

Line haul costs ($/truck mile) for the three shipment sizes are essentially
equal. The payloads associated with the predominant shipment sizes will
vary and is the controlling variable to differentiate the cost/rates. Line
haul movements of LTL and PTL shipments are represented by light density
loads and usually "cube-out" before reaching the legal weight limit. An
average design density of 12 pounds per cubic foot is used here to compute
truck payloads for LTL and PTL shipments. A maximum legal weight load for
FTL shipments is also computed to reflect the other end of the spectrum of
loads. In certain analyses it may be appropriate to use other load conditions
to better represent a particular flow of traffic.

General service merchandise dry van movements of LTL, FTL and PTL
shipments are costed for regular route common carriers. The main dif-
ference among these three common carrier services is reflected in the

terminal area costs, while line-haul costs would be essentially

17Partial truck load shipments is a truckload rated shipment, i.e., greater
than 10,000 pounds which does not fully utilize both the weight and cube
capacity.
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identical for all three. Irregular route/contract carriers, private
carriage and other specific commodity carriers represent FTL services
and are costed as such to represent their door to door operation.

Rail costs are segregated among different shipment sizes to be
compatible with truck costs. Dry van dedicated TOFC/COFC is the only
true rail alternative to truck movements of LTL, FTL and PTL shipments
and is costed for these services. General service box carload services,
along with special car types are represented in movements of average
shipment or single car and multi-car shipments. Cost differences
for these shipments are again reflected in the terminal activities,
while line-haul costs are identical. Bulk movements in hopper/gondola

cars are represented and costed in multi-car and unit train shipments.

3.1.4 Geographical Regions

Another major decision area involved was of a geographical
nature. The decision to be made was whether to develop cost in a
national aggregate or develop costs that would reflect geographical,
climatic, and regional labor and traffic congestion differences.

Preliminary research suggested that the U.S. could and should be
separated into major geographical areas. Underlying this decision were
the basic assumptions that:

o terrain, climate and regional congestion yield different

costs to accomplish a given job;

regulatory constraints on TS&W are regional and thus affect

costs in a regional manner;

o haul-distance, which affects equipment and driver utilization

tends to be of a regional nature;
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o carrier labor costs for both functions of line-haul and
terminal area tend to be of a regional nature;

o local taxes, registration and licensing and insurance are of
a regional nature;

o because of the various market structures and the physical
characteristics of shipments and commodities, carrier costs
to build LTL and collect FTL loads are of a regional nature.

On the basis of these assumptions, a preliminary analysis focussing
on general service merchandise dry van operations isolated four geogra-
phical regions for cost estimation. Underlying the four costing regions
are the nine Interstate Commerce Commission (I.C.C.) rate reporting
regions. The rate regions are aggregated because the actual differences
were not great enough to warrant the added burden of developing and
applying that many sets of cost equations. Little insight would be
gained into carrier group operations or costs by using the more detailed
breakdown.

When revising the preliminary analysis to include other special
commodities, equipment types, and shipment sizes, it was also necessary
to alter the truck costing regions. Five truck costing regions have
been developed to have boundaries consistent with the ten TS&W Study
regions, because using ten cost regions was infeasible. The ten TS&W
Study regions were formed on the basis of each state's current TS&W
limits in order to receive a good approximation to regional impacts.

Rail costing regions utilize three geographical areas. The
costing areas for rail are identical to the I.C.C. rail cost regions.

It was not necessary to revise the rail regions for this updated

version.
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Appendix A provides individual maps for the preliminary and
revised costing regions, in addition to the ten TS&W Study regions.
A matrix identifying the corresponding regional breakdowns of truck,

rail and the overall study regions is included.

3.1.5 Carrier Groups

3.1.5.1 Highway Carrier Groups - The next major consideration was
to develop a classification scheme for the many types of trucking
operations that would be manageable, yet reflect major differences
among carrier services that were significant to TS&W issues. The
carrier groups selected were regular route common general freight;
contract, irregular route common general freight; private carriage;
and specialized commodity carriers.

Cost and service characteristics are generally assumed to be
homogeneous within each of the previously listed groups and relatively
divergent among them because of the character of their operations.
It is because of this that the carrier groups should respond
differently to changes in size and weight limits such that the
resulting cost changes may result in different equipment choice
decisions and submodal shifts as well as intermodal shifts. Some of
the characteristics of firms within the operating carrier groups are
listed below and serve as additional justification for the previous
assumptions on homogeneity.

o Regular route common (RRC) carriers are also the general

freight carriers.

o RRC carriers are those carriers that primarily aggregate

LTL shipments into truckload intercity movements and as

a result require local systems for pick-up and delivery
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at both origin and destination as well as facilities for
intermediate cargo transfer.

o RRC carriers of general freight also generally set the pattern
for LTL rates/tariffs.

o Irregular route/contract carriage and special commodity
carriers deal generally with truckload lots, are non-
scheduled, and selectively solicit a particular type of

freight and maintain terminals, if any, in base area only.

3.1.5.2 Rail Carrier Groups - Major considerations for determining

which rail carrier groups should be selected for this TS&W Study were
the transportation technologies railroads use and services they offer
that would be competitive with alternative motor carrier services.
These rail services involve a distinctly different set of equipment
and /or manner of operation which results in different service levels
and/or price. The rail service operations chosen to directly compete
with general freight truck operations were the dedicated TOFC/COFC
trains and the general service box carload mixed consist operationms.
Specialized car types were isolated and differentiated from general
freight operations by examining the effects of ownership, maintenance,
and fuel costs among the various car types involved. Although not

a major consideration, it was necessary to distinguish what rail
carriers would be comsidered in this comparative situation. Most
major differences in operations were satisfied when the regional
breakdown was made for rail. However, to be able to compare operations,

costs, and financial and capital requirements between rail and
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truck, it was necessary to use only rail carriers that were considered

financially viable.18

3.2 Secondary Variables: Operating and Economic Environment

In developing these models, major consideration was given to
developing primary parameters. One major parameter was the factor
input price changes that would or could occur between the base year
1977 and the forecast year 1985. Therefore, the effects of inflation
were equalized by projecting all future costs in 1977 constant dollars.
This means that in this cost analysis, inflation was assumed to affect
all input factor prices equally over the long run, and that significant
productivity changes will not occur between the base year and the
forecast year except those specifically represented by the primary
and secondary parameters. Secondary variables were allowed for in
the models to permit analysis of situations where certain anticipated
dramatic changes in one or more areas of the operating or economic
environment could distort the base year data relationships. The four
areas allowed for were:

1. financial structure/capital return factors19

2. driver/crew costs

3. fuel costs

4. highway user charges and rail maintenance of way costs.

The models are designed to be responsive to any projected
increase or decrease in these secondary variables presented as either
a factor applied to the base year vehicle-mile level values, or an

8Financia11y viable represents ongoing railroad operations in
which carriers demonstrate a profitable operating over a suitable
time frame.

See discussion Section 3.2.1.
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actual forecast value of the market price. These variables should
represent the major areas of change that could have a dramatic effect
on the cost differences in the various carrier services offered.

All of the parameters and the inputs were designed to produce
unit costs that are relatively specific, when applied to a series
of particular transport operations, and should represent full economic
costs on a truly comparable basis for each competitive service.
Consistency in (as well as timeliness and accuracy) levels of detail
and in the treatment of all important cost elements and assumptions
across all modal carrier groups have been the major criteria for the

decisions made in the development of these cost equations.

3.2.1 Financial Structure/Capital Return Factors

For the purpose of this analysis the annual cost of capital of
a piece of equipment can be viewed as the recovery of the investment
plus the opportunity cost of the investment. This approach will be
referred to as the capital recovery method in this analysis. This
factor basically computes the annual cost plus a return which recog-
nizes the time-value of money. In addition, this method computes a
uniform annual cost scale which covers the economic operating life
of the equipment. This method computes the capital cost in such a
way as to provide a uniform cash charge for the investment to earn
a return of x in n years. In conjunction with this method, the
following major inputs are used:

o replacement costs for equipment (1977):

o actual cost of capital applicable to each carrier group (1977);
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o actual utilization rates for all operating equipment for each
carrier group (1977);

o other such factors as apply to each carrier group or subgroup.

This method was used in this report for the specific purpose of
making cost comparisons of effects to the various modal groups and
subgroups of changes to equipment configurations and capacities that
may arise as a result of changes to the present TS&W limits.

This method was used for both the rail and truck carrier groups,
but only applies to the actual operating equipment (i.e., trailer,
tractor, railcar, and locomotives).

These costs were then reduced to a dollar-per-mile basis for
inclusion into a total dollar cost per vehicle or railcar-mile
operated for the specific regions and carrier groups.

The other portions of capital costs not treated under this
method were all terminal facilities and major rail upgrading.

Because of the various problems with obtaining actual replacement
costs for buildings, terminals, 50-year old rail lines, highways,
these capital items were either treated on an operating cost
(maintenance of way and highway user tax) incurred basis or on
reported actual capital cost basis. The actual treatment of these

items is as follows:

0 Major road upgradings that could be identified were treated
on an actual capital cost basis and were based on the annual
cost of capital for that carrier group applied to the capital
investments reported for these upgradings.

0 Annual maintenance of way costs for old rail lines were

classified as '"'mon-depreciable'" and were recorded as a current

expense.
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o Terminal (buildings, etc.) facilities for highway and rail
carriers were costed by applying the actual carrier group's
cost of capital to the investments in those facilities.

o Annual maintenance of way costs for highway carriers was con-
sidered to be represented by the reported highway user
taxes applicable to each group.

Therefore, for the purpose of this analysis, all costs were

thoroughly represented by an operating cost basis, and capital recovery

basis or an actual annual capital charge for all investments.

All of these annual costs were then reduced either to a line-
haul charge (rail: per-car-mile, per-trailer-mile; truck: per-truck-
mile) or a terminal charge (rail: per ton shipped; truck: per ton
shipped). For further details (formula and costs) and calculations,
see Tables E-3,E-3.1, E-3.2, E-3.2.1 of Appendix E and Tables F-3.
F-3.1, F-3.2, F-3.2.1 of Aprendix F.

3.2.2 Driver Costs

Total labor cost for motor carriers was apportioned into two

categories: direct and indirect labor. Total expenses, in terms of

salaries and wages, miscellaneous paid time off and other fringes

for drivers and helpers and owner operator drivers, represent the
actual costs for the direct labor category. Indirect labor repre-
sents the total salaries, wages, and fringe benefits for officers,
supervisory personnel, administrators, and clerical help. The direct
labor cost category (referred to as driver costs) is assigned to line-
haul and pick-up and delivery functions, and has to be separated

when computing line-haul and terminal area cost components for total

door-to-door shipment cost/rates.
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Direct labor costs for rail services represent the wage expenses
which would accrue as a result of operating a rail freight train.
Two specific rail freight operations are examined as being the most
competitive to motor carrier general freight operations: dedicated rail
TOFC and general consist box carload. The major difference in
train crew operating strategies between TOFC and conventional carload
service is the average crew size working a train. Conventional car-
load service utilizes five crew members: one engineer, one fireman,
one conductor, and two brakemen; while dedicated TOFC trains operate

with four crew members -- only one brakeman.

Train crew costs are estimated as a function of crew size and
type of services performed. Costs are computed on a dual basis: hourly

wage and length of travel. Assumptions underlying computations are

that fringe benefits represent 35 percent of total cost, the opera-
tion of a train within one crew district represents a daily basic pay
regardless of time or mileage, and costs were based either on a four-

or five man crew.

For further details (férmula and costs) and calculations see
Tables E-1, E-1.1, E-1.2, E-1.3 of Appendix E and Tables F-1, F-1.1 of

Appendix F.

3.2.3 Fuel Costs

The fuel cost for highway carriers is the product of the 1977 price of
diesel fuel and the amount of fuel consumed in normal transport operations.
For rail carriers, since operating statistics are not isolated for specific

. . . . 20 .
rail services, a simulation model® was used to calculate rail fuel

ORailroads and the Environment -- Estimation of Fuel Consumption in Rail
Transportation, Report No. FRA-OR&D-75-74.1, John Hopkins, May 1975.
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consumption. Then the fuel cost was estimated. Underlying the rail cost

analysis, the 1977 average diesel fuel price per gallon was estimated

to be $0.35.

Expense categories of fuel and 0il, lubricants and coolants

for line-haul, pick-up and delivery and terminal area transport

functions were aggregated to produce a total expense for motor carriers.

Line-haul fuel expenses were then apportioned to the appropriate

number of truck miles in line-haul service to produce a per-truck-

mile figure. Total terminal area fuel costs were expensed to total

tons handled to produce a terminal area per ton figure. Refrigerated

van carriers have their total fuel costs in an aggregate format such

that one cannot differentiate the amount of fuel required to keep the

cooling unit operating from the propulsion fuel.21 Fuel consumption

estimates for each region of operation are presented in Appendix E,

Table E-2, Truck Average Operating and Traffic Statistics,

Railroad operating statistics are usually not disaggregated

enough to allocate costs to a specific train service. In addition,

railroads do not typically maintain accounts of fuel consumed by

individual trains. Therefore, it was necessary to have a means for

fuel consumption. Simulation model calculates fuel consumption based

on a set of data inputs which describes the rail service. The model

requires detailed inputs on type of terrain, gross trailing tonnage,

total horsepower of the train, average train speed, and route geometry.

This steady state fuel consumption model does not capture the

differences in fuel consumption rates among different types of loco-

21

For further analysis of refrigerated van and other truck fuel consumption
see "Truck and Rail Fuel Consumption Effects of Truck Size and Weight,"
Technical Supplement Vol. 3.
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motives or the idle time which is a necessary part of freight
operations,

For special rail services such as refrigerated car and dedicated
TOFC refrigerated van operations, compensations were made to the fuel
consumption model to account for the operations of the cooling units.
Average number of days22 for each operating function (L/H, PU&D, PLAT,
TERM) were calculated from which a consumption rate of .7 gal/hr/
refrigeration unit23 was applied. Total expenses were then apportioned
to line haul or terminal area functions.

3.2.4 Highway User Charges

Motor carrier's highway user charge account represents the
total expenses for federal and state operating taxes and licenses.
The items included are gas, diesel fuel and oil taxes (federal and
state), and vehicle license and registration fees (federal and
state). Since other operating taxes, real estate and personal pro-
perty taxes were not looked at as highway maintenance costs, they were
not included in the highway user charge account.

Annual maintenance of roadway costs by railroads are considered
to be comparable to the motor carrier highway user charge. The
costs are a function of the terrain, climate, surrounding environ-
ment (urban versus rural), traffic volume, and line-haul speed.
Maintenance costs are intended to include all labor and equipment

expenses assigned to line-haul operations. To avoid any double

2 . P . . .
"Freight Market Sensitivity to Service Quality and Price,"
USDOT/TSC Staff Study, SS-223-U1-32, December 1977, Appendix A.

Conversations with industry representatives: Fruehauf Corporation
and Thermo King Corporation.
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counting of expenses in relation to capital equipment and main-

tenance, one must follow I.C.C. individual expense account

subdivisions. Expenditures relating to the replacement of part of or

the entire roadway are recorded as current expenses and are non-
depreciable, while original construction, major upgradings, or one-

time improvements will be classified as a capital asset. This item

can be more easily costed through normal balance sheet methods. The
rail maintenance of way cost is divided into two portions:

1. Fixed costs including vegetation control, drainage clearing,
snow removal, service and repair signaling, grade crossings,
and structures; and

2. Variable costs including wear and tear on rails, bolt
tightening, tire replacements, surfacing, realigning,
and miscellaneous expenses (spikes, point bars).

3.3 Functional Unit Costs

This discussion deals with the resulting unit costs that were
developed for comparative purposes for all highway and rail carrier
groups. The basic units developed were as follows:

o For highway: Dollar cost per truck mile (represents line-
haul costs); dollar cost per ton shipped (represents terminal
costs).

o For rail: dollar costs per car mile (represents line-haul
costs); dollar cost per trailer mile (represents line-haul
cost for TOFC/COFC); and dollar cost per ton shipped (repre-
sents terminal costs).

For this exercise, it was necessary to reduce the costs

generated for each mode and subgroup to a unit that would represent

the functional activity of that carrier and would represent the
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cost of each level of activity in that function. As was mentioned
earlier, there were two major areas of activity in both rail and
highway transport operations. These areas were line-haul and terminal
area. Once the areas were isolated, these functions had to be
represented by a cost per level of activity in each group in order
to be compared between carrier groups or subgroups for measuring any
cost advantages or disadvantages for each group. Once these costs
were developed, any changes to the input variables such as those
mentioned previously (labor rates, fuel costs, etc.) could then
demonstrate their effects on each unit applicable to each carrier
group. Any cost changes due to changes in the present TS&W limits
would lead to a potential advantage or disadvantage to the various
carrier groups. This enables a comparison of impacts on costs
resulting from changes in TS&W limits or other variables. Although
these unit changes will represent only the cost changes and not the
service changes that may or may not occur, they will give an indica-
tion of the level of effect cost changes may have on rate changes,
assuming any benefits are passed on to the shippers by the various

carrier groups.
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4. DEVELOPMENT OF COST MODELS AND DATA FILES
This section provides documentation of data sources and data used,
calculations and tabulations of carrier groups, variable inputs and
outputs.
4,1 Truck Model

4.1.1 Data Sources

The data inputs used to develop the needed cost, financial, and
traffic information for impact analysis for the regulated carrier groups

were based on the 1977 M-l statistics files of the Interstate Commerce

Commission (I.C.C.). The private carrier data files were derived from various

sources. The private firms contributing to this file submitted information
in a very general format that was just adequate for TSC to develop unit
costs generally comparable to those units developed from I.C.C. data.
The I.C.C. regulated carrier data files were chosen for the bulk of the
costing because they represented the most comprehensive, detailed, up-
to~-date, and generally acceptable, data base available. In addition,
it is the most comparable data base in format and detail of reporting
to any rail data base. These files are not the normal I.C.C. "blue book"
version of their reports, but an internally reported version generated
by the I.C.C. through a special request of TSC.

in order to build preliminary cost breaks and distributions from these
files it was necessary to isolate specific carriers that would properly
represent the various forms of truck operations in each geographical

region and carrier group. Contact and general consultations were held
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with the American Trucking Associations, the Private Truck Council of America,
Common Carrier Conference-Irregular Routes, the Regular Common Carrier Conference,
the Contract Carrier Association, the Private Carrier Conference, etc., and

some of the carriers themselves in order to develop a basic list of carriers by
name, location, region, and code number that would be adequate for representation
of the groups and operating regions. The carriers in this basic file were con-
tacted, when necessary, for the purpose of determining the type of truck/

van configuration which best represented their equipment fleet. TFrom these

contacts, base carrier group operators were identified.

4.1.2 Functional Costs

Once the carrier files were grouped and tested for reporting con-
sistency, the cost aggregation was accomplished. The reported functional
costs that were initially analyzed were line-haul costs (including capital)
and terminal area costs (including capital).

4.1.2.1 Line-Haul Costs (Operating) - Line-haul costs are
basically composed of labor, equipment, maintenance, fuel, oil,
lubricants, tire and tube replacement, user taxes, license fees,
and other overhead and miscellaneous expenses, some of which required
some sub-allocation procedures.24 Although most of these sub-accounts
Oor common cost areas were allocated to line-haul by the carriers themselves,
there were some ;tems that required further allocation. An example of one
of the types of these costs is fringe benefits and payroll taxes. These

items needed to be further allocated to the labor functions that applied

to line-haul or terminal.

See Tables E-1.1, E-1.2, E-1.3, of Appendix E.
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Table E-1.3 in Appendix E lists the carrier allocated costs
accounts associated with line-haul activities and those special joint
items that required further allocation for this project. The annual
costs derived in the listing were then used in conjunction with the
appropriate traffic data/units of the same carrier to produce average unit
costs for that group. The resulting average unit costs which are repre-
sentative of the type of carrier operation and region of the country,

are the derived outputs for the various impact analyses to be conducted

in this TS&W Study.

Although only the average unit cost outputs will be presented in this
report, the data base compiled by TSC for this cost modeling effort can

yield additional detailed information on carrier specific markets, revenues

and costs which could be useful in any regional specific case study analyses

or issues.

4,1.2.2 Terminal Area Costs (Operating) - Much in the same manner
as the line-haul cost, the total terminal area costs are composed of
labor, maintenance, clerical and administrative, fuel, etc. However,
the terminal area position of this costing represents the aggregate
of other functional areas such as;

o pick-up and delivery;

o platform handling;

o billing and collection; and

o other terminal related or allocated G&A.

Similar to line-haul costing, the terminal area subaccounts

were allocated to the individual activities by the carriers and only

-35-
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when these areas were not directly allocable or identified by the carrier
did this analysis make any individual allocations. The full allocations
are identified in Tables E~1.1 and E-1.2 of Appendix E. The annual costs
derived from the listing or summary were used with appropriate traffic
data/units of the same carriers to produce average unit costs for that
group. The resulting average unit costs which are representative of the
type of carrier operation and region of the country are the derived out-
puts for the various impact analyses to be conducted in this TS&W Study.
In addition to the average unit costs, the data in this area —- terminal --
as well as for the sub-areas such as pick-up and delivery, platform, etc.,
can yield additional detailed information on carrier specific markets and
costs which could be useful in any regional specific case study analyses.
4.1.2.3 Capital Costs —-- Line-Haul and Terminal Area - One of
the important parts of this study or any study dealing with
costs is the portion of costs related to the cost of equipment and the
return required to keep the carrier's systems operational and economically
viable. Traditionally, the area of cost of capital has been the most
controversial subject in any costing project. In order to
measure and isolate the operating cost effects for each carrier group
attributable to truck capacity changes, 1977 replacement cost of equipment
and common purchase prices were used in this project for all carriers.
One major improvement made by TSC in this costing effort was to reflect
the unique capital structures of each carrier group and their 1977 costs of

capital. Initial analyses of reported statistics indicated that the
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capital structures and profit levels are different among the selected
carrier groups. Therefore, these individual capital structures and profit
levels were incorporated into the capital cost analysis for each carrier
group. These cost factors were incorporated into the capital recovery
method mentioned earlier and the average cost of the total capital

was determined for each group. The cost of capital represents the cost
of debt and equity (thus, profitability) weighted by the debt and equity
ratio in the carrier group. This factor, when used in conjunction with
the capital recovery method, will insure that the debt cost as well as
the level of profits and equity sustained by the carrier group through
1977 are totally recovered through the unit cost over the life of the
equipment financed. In addition to the cost of capital factor used,

the equipment costs for tractors and trailers reflect the 1977 average
manufacturer prices. The 1977 operating factors such as economic life,
average mileage, etc., were used with the capital recovery method and
reflected regional utilization and other regional factors whenever
possible. This process removes the possibility of uncomparability among
the various truck sub-groups caused by average equipment age for each
group. The aforementioned capital recovery method basically represents
the capital costing method used for comparing the operating equipment
(rolling stock) or the line-haul functions which should be the pre-

dominantly affected area in any TS&W limit changes.

25
The cost of capital is equal to a weighted average of individual

carrier's cost of debt and return to equity. The weighing procedure
is accomplished by applying carrier's debt/equity ratio to the
respective costs.
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The terminal area capital costs were also included in the total
cost units, but were computed in a somewhat different manner than the
line-haul capital costs. Since it is not feasible to estimate the replace-
ment costs and/or purchase Prices of most terminal area facility assets,
the approach used was to isolate the annual debt and equity costs as
reported by the carriers and apply that cost to the remaining investment
in those terminal area facilities thus reducing those costs to an annual
cost basis. Once this is accomplished, it is only a matter of applying
this annual cost to a tonnage or other factor to develop a unit cost per
x item. These annual terminal capital costs will be used in conjunction
with the line-haul capital costs, also reduced to a unit basis, to repre-
sent the total capital costs involved in a particular type of trucking
operation.

Therefore, the total capital cost portion of this truck costing effort
is represented through the capital recovery method for the rolling stock
cost and an actual incurred type of capital cost for the terminal area
facilities portion. This approach will be comparable for rail (see
discussion in Section 4.2.2.3). Both methods use the actual cost of debt
and equity and thus the actual cost of capital, for each carrier group
and region. Details as to actual calculations and account data included to
derive the aforementioned components are contained in Tables E-3, E-3.1,
E-3.2, and E-3.2.1 of Appendix E.

Because of the limited requirements in this project to determine

the capital costs and not the age or present condition of the capital
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assets the liability and stockholders equity portion of the balance

sheet was the primary tool used in the analysis. Although the afore-
mentioned balance sheet items were the primary tools used, the asset

side of these carrier balance sheets was used occasionally for special
problems and analysis. Two primary reasons for using the asset side

were for testing the total investment portfolio to cost only the operating
investment portion of the carrier groups, and for analysis of the assets
to separate (line-haul) rolling stock and terminal area facilities
investment.

The results of the truck capital cost analysis are shown in Tables
E-3, E-3.1, E-3.2, and E-3.2.1 of Appendix E.

The remaining portion of truck costs that are not treated as
capital costs in this analysis are the road maintenance or 'user taxes."
For the purpose of this analysis, highway '"user taxes" are represented
in the motor carrier operating costs and are used as a surrogate for highway
capital and maintenance costs. The categories of accounts including
"user taxes" are shown in Tables E~1.1, E-1.2 and E-1.3 of Appendix E,
and are listed as both line-haul costs as well as terminal area costs.

The aforementioned system of capital costing will isolate major
effects of changes to the present TS&W limits in several ways. The
cost of capital, derived for each carrier group and region, if applied
either to the actual remaining equipment facilities or to the capital
recovery method used for rolling stock reflects the required revenue
over and above the costs of each of the carrier groups. Therefore, any

change in the operating efficiencies, fleet upgrading or restructuring
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due to vehicle capacity changes resulting from TS&W changes would be
assumed to be passed through to the shipper in the form of increased or
decreased rate charges.

If any changes to costs resulting from changes to the present TS&W
limits caused, for example, a reduction in the total operating costs,
it is assumed that the reduced costs would be passed on to the shipper
in the form of a reduced tariff for the same shipment. Therefore, any
changes in costs will highlight the direction carrier rates will go to
compensate for any increase or decrease in the various input factors of
production. With regard to identifying actual rates on specific commodities,
the needs of this study are such that it is not necessary to identify the
individual rate impacts for specific shipments. This analysis is dealing
in the realm of the cost and revenue impacts of categories of carriers.
Therefore, it is logical to assume that any increase or decrease in costs
will be passed through as a freight rate charge offsetting the price of
transport in specific markets or be absorbed by the carrier as an increase
or decrease in profits and return to capital. 1In either case, the carrier
group has gained or suffered a change in its competitive situation. In
addition, to avoid the time consuming efforts of treating the excep-
tions to the general rule and to simplify the development of the
alternative scenarios of truck operations the assumption that the general
economic effects apply to profitable or financially viable carriers will

also apply to the marginal carriers in the Same groups.
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4.2 Rail Model

This portion of the cost modeling effort is based on previous work
at the Transportation Systems Center, entitled "Railroad Cost Modeling,"
Staff Study 212-U1-27, by J. F. Murphy, September 1976, hereinafter
referred to as the TSC Railroad Cost Model. This model is based on
engineered economic costs which reflect the full economic cost of providing
the service expressed as an average in dollars per car- or trailer-mile.

Services offered by railroads that are to be applied to the TSC Rail
Cost Model are dedicated TOFC/COFC dry van and refrigerated van trains,
general service box mixed consist trains, special equipment car types, and
bulk unit trains.

It has been determined that this cost model fills the need for a
middle ground between the rail cost findings of the I.C.C. and a specific
individual railroad operation or service. The goal of this TSC'Rail Cost
Model was to measure the cost impacts of various Proposed changes in rail
freight operations. However, before this could be accomplished, it was
necessary to relate the representative rail cost factors to actual rail
costs at some period in time. The present TS&W Study was able to take
advantage of this pPrevious work by only updating the data bases to 1977 -
and making a few changes to various formulae in order to bring it up to
base year representative operations. The formulae originally used by
TSC for rail cost analysis were easily amenable to this updating with

minor revisions and thus were judged adequate to represent the rail cost

side of this study.
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4.2.1 Data Sources

As in the truck model previously discussed, the data inputs used to
develop the needed cost, financial and traffic information for impact
analysis of the rail carrier groups were based on the 1977 R-1 statistics
files of the I.C.C. These files are not the normal I.C.C. "blue book"
version of their reports, but an internally generated version by the
I.C.C. based on a special request of TSC.

Unlike the truck file, it was not necessary to develop a private
rail carrier file. All of the carriers chosen were of the Class I regu-
lated rail carrier type. Therefore, the collection of the rail carrier
data was already similar to the truck carrier format reported to the
I.C.C., and was similar in both terminology and classification. However,
to build preliminary files of cost and traffic breakdowns, it was still
necessary to isolate specific carriers that would properly represent the
various types of rail operations and reflect the geographical regions
and the related operations. Since the nature of this analysis requires
that total costs related to actual operations be used, bankrupt carriers
and carriers such as Conrail were excluded. Including heavily subsidized
or bankrupt carriers would distort operating and capital costs by the
amounts that were forced to the system outside normal operations. For
example, it would be impossible to accurately compute capital costs,
especially debt and equity ratios, if negative ratios from bankrupt carriers
were used. Therefore, in this study, only the larger, financially and
operationally viable carriers were selected to represent the regional

rail costs.
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4.2.2 Functional Costs

Once the carrier files were grouped, the cost aggregation and analysis
was accomplished. The reported functional costs initially analyzed were
line-haul costs (including capital) and terminal area costs (including
capital).

4.2.2.1 Line-Haul Costs (Operating) - The initial TSC Rail Cost
Model dealt separately with six major cost elements which basically
included all line-haul and terminal area operating costs. Total
capital and overhead costs were not included in the Rail Cost Model,
but the following capital and overhead items were included in this
analysis: major new road investments; total terminal facilities; and
administrative, clerical and overhead operating expenses. The analysis
for this project uses this basic model, but includes overhead and capital
costs on a regional industry basis. 1In addition, the TSC Rail Cost Model
was developed in such a manner as to output the costs per segment of line
operated in a rail network based on the total segment tonnage and seg-
ment characteristic inputs. However, for this analysis, these formulae
were revised and the inputs are now based on the rail carrier system
averages in 1977 for a particular type of train service, car mix, geographic
region, average system tonnage, and average haul distance for the repre-
sentative railroads.

Table F-1.1 in Appendix F lists the carrier cost functions used to
develop the line-haul costs and also notes the I.C.C. data inputs and I.C.C.
cost scale inputs used in conjunction with the TSC cost formulae.

Included in Table F-1.1 of Appendix F is a listing of the G&A and other
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overhead items, as well as their allocations that were developed under
this project. The annual costs and/or units developed from the afore-
mentioned cost formulae and 1977 cost data inputs were used in conjunction
with the 1977 traffic data/units of the same carriers to produce the
average unit costs for that group or region. These resulting outputs

(or average unit costs) previously mentioned in Section 3.3, are used to
represent the type of rail operation and region in the various TS&W impact
analyses.

As in the case of the truck costs, the data base and updated formulae
used in this effort can yield additional detailed information on carrier
specific markets, revenue and costs which could be useful in any regional
specific or special operation case study analysis that may be necessary
in the future.

4.2.2.2 Terminal Area Costs (Operating) - Terminal area costs
in the TSC Rail Cost Model are handled in a considerably different
manner than in the truck cost portion of this project. Basically,
the terminal area operating costs are divided into two parts which
are presented by the yard switching costs and the pick-up and
delivery costs. For conventional carload service, PU&D are included
under the category of total switching. TOFC yard costs represent the
functions of loading, unloading, tying and untying trailers from flat-
cars, switching flatcars among TOFC trains, and other special services.
These costs were calculated from data presented by the I.C.C. in the Rail
Carload Cost Scales. TOFC trailer and car yard handling are developed

in the same manner and TOFC PU&D are provided by the same source.
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Railcar handling costs, applied to terminal area related activities,

are based on switch minutes per activity for average railcar trains.

The costs are engineered on a per switch hour basis but are constructed
from base data files of the I.C.C., such as the R-1 reports and the cost
scales. The averages were based on the regions the railroads operated in
and concentrated on the average yard activities for an average train.
Four major flows were considered:

1. originated car flow

2. terminated car flow

3. intermediate car flow

4. through car flow interchanged.

These switch hour or switch minutes are the basic determinants of
the activity which is then related to the derived cost for the carriers
and region, and then reduced to a cost per ton basis. LTL and Partial
Trailer Load Shipments via freight forwarders were not available from
these sources. Adequate representations of these cost/rates can be
developed from appropriate components in the rail and truck cost tables
of the appendices. One such set of estimates is presented and discussed
in Section 5. For further detail on cost inputs, outputs and formulae
see Appendix F, Table F-1.1.

4.2.2.3 Capital costs - Line-Haul and Terminal Area - In order
to put railroad capital costs on a comparable basis with the motor
carrier capital costs, the capital recovery method of determining

equipment /rolling stock attributable to various operations was used.
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As in the capital costs applied to determine motor carrier capital cost,
the capital cost factors applied in this rail costing effort reflect the
unique capital structures of each carrier group and the group's current
cost of total capitalization. This factor —- cost of capital -- is also
used with the 1977 replacement cost of equipment and common purchase
prices. Initial analyses of the rail carrier reported statistics also
indicated that the capital structures and profit levels were different
among the selected rail carrier groups. Therefore, these unique debt/
equity and return structures were incorporated into the capital cost
analysis for each carrier group. These cost factors were incorporated into
an annualized cost using the capital recovery method and the average cost of total
capital determined for each group. The cost of capital represents the
cost of debt and equity (thus, profitability) weighted by the debt and equity
ratios for each respective carrier group.

This factor, when used in conjunction with the capital recovery
method, will insure that the debt cost as well as the level of profits
and equity sustained by each carrier group through calendar year 1977 be
totally recovered in the unit cost, as in the case of the truck unit costs,
which are comparable at this point, the equipment costs for locomotives,
rail cars and TOFC/COFC flatcars reflect the 1977 average manufacturer prices.

6
Also, the operating factors such as economic life, annual mileage, etc.,

26
Economic life, as opposed to useful life, is the time period in

which one believes an asset can be used at a constant level of
performance. The useful life of an asset may be longer than the
economic life, but one may experience declining levels of per-
formance in later years.
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were used with the capital recovery method to reflect regional utilization.
This basically represents the method used in this project for developing
comparable line-haul capital cost for the operating equipment.

The terminal area capital costs were also included in total costs,
but in a different manner than for line-haul. As in the truck capital
costs analysis, it was not considered feasible to estimate the replace-
ment costs and/or purchase Prices of terminal area facility assets.
Therefore, the approach used was to isolate the annual debt and equity
costs as reported by the carriers and apply these factors to the remaining
investment in terminal area facilities, thus reducing terminal capital
costs to an annual basis. Once the actual annual capital costs relative
to terminal area facilities had been determined, aggregation of all capital
costs was reduced to a tonnage or other basis for further unit cost appli~
cations. 1In this case, rail terminal capital costs were reduced to
a unit cost on a per ton basis in order to be comparable with the truck
terminal unit costs.

In the case of truck capital cost, the aforementioned pProcedure would
sufficiently cover the total capital cost requirements of the carrier
groups. However, in the case of rail capital costs, it was necessary to
include another capital cost item. This item is the capital costs
associated with major road upgrading programs now in progress by the
various railroads. Throughout this analysis the maintenance of way cost
for the present rail maintenance programs has been treated as an annual
operating expense and is based on those I.C.C. reported costs for the

carriers representing each region. 1In the case of major rail upgrading
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and renewal programs these items were assumed to be capitalized and expensed

over the economic life of the investment. Tablee F-3.2 and F-3.2.1 show

the actual reported major upgradings in terms of rail-miles, total

investment, economic life, and the 1977 replacement cost of equipment

and common purchase prices. These costs are also reduced to a unit

cost, or per car-mile basis, and included in the total transport cost.
Therefore, the total capital costs that are included in this

rail analysis, as well as the manner of treatment for determining com-—

parable unit cost procedures for this TS&W Study, are as follows:

o rail equipment/rolling stock —-— capital recovery method;
o terminal area facilities -- actual annual capital costs;
o major rail upgrading programs --= actual annual capital costs

based on capitalization in the project.
Details in terms of formulae, debt and equity costs, equipment purchase
prices, and sources can be found in Tables F-3, F-3.1, F-3.2, and F-3.2.1

of Appendix F.
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5. PARAMETRIC ANALYSIS OF TRUCK SIZE AND WEIGHT IMPACTS
ON SHIPMENT COST/RATES
This section examines individual shipment cost/rates for general service
merchandise and special community truck and rail services and isolates the
effects of various TS&W limits as well as external changes to key cost inputs
such as fuel costs and highway user taxes. Tt also analyzes potential changes
in the competitive relationships between truck and rail services associated

with the various size and weight limits.

5.1 Major Parameters of Truck and Rail Shipment Cost/Rates

5.1.1 Regions

The derived shipment cost/rates reflect geographical, climatic,
operational Practices; equipment utilization; labor rates; and traffic
congestion differences among the regions of the continental United States.
Alaska and Hawaii are not represented in this effort. Figures A-1 through
A-4 jq Appendix A identify the truck and rail costing regions used in this

study. Appendices D and H present truck and rail "line-haul" and "terminal area"
costs and individual cost components for various shipment sizes and services on

a regional basjis. One can isolate the effects of regional practices by
carriers on such items as line-haul and terminal area labor costs, taxes

and registrations, average haul distances, fuel costs, and equipment

utilization, as well as the physical characteristicsg of shipments and

commodities transported.

inputs. By holding constant weight limits, load size, equipment type
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and average haul distance, Figures 5-1 and 5—227 present truck and rail general
service merchandise LTL and 'FTL shipment cbst/rates for each of the geographic
regions. Using conventional semi-trailers, regular route carriers in the North-
east experience the highest level of truck-mile costs for line-haul operations.
In contrast, perhaps because of industrial concentration within the Northeast,
terminal area costs are reported as the lowest cost per ton of any region.
Highway (regular route carrier -- RRC) and rail (TOFC/Freight Forwarder -- TOFC/
FFZS) modal price competition for LTL traffic appears to be intense within the
Southern, Midwestern and Western regions. Irregular route carriers (IRC) and
private trucks are the most competitive with rail TOFC for FTL shipments.

5.1.2 Shipment Size and Carrier Service

The total distribution of shipment sizes has been aggregated and repre-~
sented by seven shipment size categories and their related costs have been
isolated to differentiate among services which may be competitive among the
highway and rail carriers. Motor and rail carriers' cost/rates for general
service merchandise freight are estimated for less than truckload (LTL) services,
full truckload (FTL) services, and partial truckload (PTL) services. Table 5-1
presents a matrix of highway and rail carrier services described by shipment

sizes and related carrier groups. In order to keep the analysis as simple

Refer to Appendix J for tabular presentation of parametric analysis
of TS&W impacts on shipment cost/rates,

28
TOFC/FF represents the only real competitive rail service for LTL

shipments. It is a service which can be characterized as a consoli-
dation of a third party which performs collection and distribution
break bulk operation and rail TOFC which performs line-haul operations.
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as possible and still capture the major differences in the price/service
packaged offered to shippers, the following categories are defined. Regular
route common carriers of general merchandise freight will reflect the move-
ments of LTL, FIL and PTL shipments. Line-haul costs for each of these
common carrier services are essentially equal, but terminal area costs
for each will reflect handling differences associated with their respective
distribution of shipment sizes. Irregular route/contract carriers, special
commodity carriers, as well as private carriage, provide predominantly FTL
services and have been costed to reflect their respective door-to-door
operations. Comparison of motor carrier services to rail services is
made for each of the various shipment sizes. Dedicated TOFC/COFC trains
for dry vans and reefer trailers are assumed to be the only rail service
truly competitive to truck and are costed for LTL and PTL as well as the
more common FTL shipments. Carload service in mixed consist trains is
represented and costed on the basis of single car and multi car shipments
as well as an average of the two. Bulk movements in hopper/gondola cars
are represented and costed in multi car and unit train shipments. Line-
haul costs are estimated first on the basis of dollars per trailerload
or dollars per carload, while terminal area costs are presented on a dollar
per shipment ton basis.

The appropriate truck configurations, volume and weight capacities
and payloads are associated with the predominant shipment sizes and carrier
services. The trailer payloads do vary significantly with capacity
limits, therefore payloads associated with each set of limits are needed

to compute each shipment cost/rate. A previous TSC Staff Study29

29 vanalysis of Truck Payloads Under Various Limits of Size, Weight

and Configuratiom," by J. Mergel, May 1980, TSC # 321-10-9B.
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outlines vehicle payloads under various truck size and weight limits, and

is the source for these loads. Movements of LTL and PTL shipments are
represented by light density loads and usually "cube-out" before reaching
the legal maximum gross combination weight limit. An average design

density of 12 pounds per cubic foot is used here to compute truck payloads
for LTL and PTL shipments. A maximum legal weight load for FTL shipments

is also computed to reflect the other end of the spectrum of loads. Factors
controlling FTL payloads of high density freight include equipment types,
tare weights and legal weight limits. Table 5-2 presents a matrix asso-
ciating trailer loading conditions to the three shipment sizes, while

Tables 5-3 and 5-4 list trailer payloads used for LTL, FTL and PTL shipments
under the constraints of the various truck size and weight limits. Trailers
on flat car (TOFC) will also be constrained by highway limits for access/
egress portions of the total trip which utilize the Federal Aid Road

System. Rail carloads for the dominant equipment types are shown in

Table 5-4,

5.1.3 Operational, Functional and Cost Elements

A distribution of major cost categories which represents the total door-
to-door shipment cost/rate for general service merchandise freight30 is pre-
sented in Figures 5-3 and 5-4. LTL and FTL charges are apportioned among
the operating functions of line-haul, pick-up and delivery and terminal

area to reveal the potential for affecting total cost by changing the

30 TSC's best estimation of the average charge to the shipper for a

particular category of shipment. Appendix I shows how closely
these cost/rates approximate actual charges.
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TABLE 5-2. SHIPMENT SIZE AND TRAILER LOADING

SHIPMENTS
FULL VEHICLES ~~~~—__

——

LTL

PTL

FTL

Cubed Out

Weighted Out
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GENERAL SERVICE MERCHANDISE DRY VAN
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w—
VARIABLES HELD CONSTALT
RECIOR NIDWEST
g e 6o 80,000 LB
DISTANCE 400 MI
FULL LOAD € 124/c.f.
) PU&D 417 3RD PARTY
R DISTRIBUTION/
COLLECTION 57%
P ——
E b—
e
2
TERMINAL 45%
J—
RAIL 347
TERMINAL
3_
I
s
LINE HAUL 14%
LINE HAUL 9°
0
RRC RAIL TOFC/FOWARDER
LTL LTL
CONV. SEMI CONV. SEMI

FIGURE 5-3, TOTAL SHIPMENT CHARGE § MAJOR COST CATEGORIES
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GENERAL SERVICE MERCHANDISE DRY VAN

'778/CWT

D p—
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FIGURE 5-4. TOTAL SHIPMENT CHARGE & MAJOR COST CATEGORIES

-60-



vehicle capacity. Rail TOFC/Freight Forwarder (TOFC/FF) represents the only
rail alternative to LTL shipments by regular route highway carriers. TOFC's
third party distribution/collection activity is derived from the appropriate
functions for highway carriers. There is no evidence that the activity would
be different from the PU&D and dock loading of highway carriers.

Figure 5-3 shows that the line-haul component of LTL general freight
services represents a very small percentage of the total cost/rates for all
LTL services. Axle and gross weight limit changes are unlikely to substantially
affect any of the competitive relationships among the available LTL carrier
services because line-haul cost is such a small percentage of the total. How-
ever, availability of western doubles for motor carrier LTL service signi-
ficantly reduces the cost of terminal handling and pick-up and delivery, thus
changing the highway and rail competitive relationships.(see Section 5.2.1.).
Axle and gross weight changes are likely to have a significant effect on cost/
rates of FIL general freight services by all highway carrier groups because
line-haul costs are a major portion of total cost/rates as shown in Figure 5-4.
Irregular route and private carriers will be the major beneficiaries since line-
haul represents over 80 percent of total cost/rates. Irregular route and private
carriers appear very price competitive with rail TOFC which is consistent
with current industry knowledge. Weight limit changes will significantly affect
this competitive relationship.

Figure 5-5 isolates the line-haul portion of the total cost/rates for FTIL
general freight shipments and distributes appropriate costs among the major compo-
nents of the line-haul function. Since line-haul costs are those most affected by
truck capacity regulation as well as user taxes and fuel prices, Figure

5-5 provides an insight into the potential magnitude of the effects of
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and user taxes have as great an effect as potential effects
from truck size and weight changes?
a Will this combined increase change the competitive relationship
among motor carriers and between highway and rail?
These questions and the relative sensitivity of motor carrier cost/rates

to other parameters are addressed in the following sections.

5.2 Parametric Analyses of General Service Merchandise Shipment Cost/Rates
This section presents a preliminary perspective of highway/rail
market sensitivities to potential exogenous alterations to the individual
cost factors and to total shipment cost/rates of general service merchandise
services. Other services are treated in Section 5.3. Potential market
sensitivity is examined by estimating the magnitude of change to shipment
cost/rates which would result in a change in the competitive relationships
for a particular service. Cost variables that are isolated in this analysis
include truck size and weight limits, distance, highway user tax, and fuel

cost for each carrier service category.

5.2.1 Sensitivity to Carrier Service and Truck Size

Figures 5-6 and 5-7 examine the effects on general freight cost/rates of
altering truck size limits. One means of changing truck size limits would
be to permit the use of western doubles. The use of western doubles
provides approximately 20 percent more cubic capacity which can be translated
into average unit cost savings in line-haul and in terminal area costs.
Western doubles provide competitive advantages to specific shipment
movements in which particular carrier groups specialize.

Western doubles have a cost/rate advantage over conventional semi-
trailers of 11 percent for LTL shipments, and an advantage of between 10

and 16 percent for low density FTL and PTL shipments by regular route

-6l
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5.2.2 Sensitivity to Carrier Service and Truck Weight Limits

Increasing a truck's gross combination weight (GCW) limit from
73,280 to 80,000 pounds provides an additional 10 percent in revenue payload
capacity. TFigures 5-8 and 5-9 illustrate potential cost/rate reductions
resulting from increases in payload. Light density LTL shipments receive
a minimal benefit from weight limit changes since most of the shipments
"cube-out" before reaching the maximum weight. For legal weight loads,
weight limit changes reduce cost/rates between 5 and 10 percent for con-
ventional service. Rail TOFC's cost/rate reduction due to highway limit
changes (assuming the new limits will ultimately affect TOFC trailers as
well) is only about 1 percent, therefore, highway's competitive advantage
is increased. Private truck and irregular route carriers increase their
advantage the most (i.e., 7 and 9 percent, respectively). By utilizing weight
restrictions of 22.4/36/Bridge, western doubles movements of FTL shipments
are greatly enhanced. Payloads are increased 14 percent from the original
GCW of 73,280 pounds, resulting in cost/rate reductions between 28 and 50

percent from conventional service.

5.2.3 Sensitivity to Carrier Service, Truck Size and Distance

The cost/rate models developed by TSC for highway and rail reflect
a positive linear relationship with distance. Examination of the magni-
tude of changes in cost/rates at various lengths of haul will provide
estimates of effects of limit changes on the competitive relationships.
Figures 5-10 and 5-11 illustrate the sensitivity of carriers' shipment

charges to truck size limits at short and long haul distances.
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For general freight LTL shipments (Figure 5-10) the rail TOFC/FF cost/
rate is competitive with motor carriers using conventional semi-trailers at
distances greater than 400 miles. With the availability of western doubles,
motor carriers show a cost/rate advantage at all haul distances up to about
1900 miles. Partial truckload shipments via rail TOFC/FF are competitive with
motor carriers at distances greater than 400 miles using conventional semi-
trailers. Availability of western doubles increases motor carriers' cost/rate
advantage for PTL shipments. Rail's competitive advantage over highway is
reduced to distances greater than 900 miles.

For full legal weight truckload shipments, irregular route carriers
using conventional semi-trailers show the greatest effect to changes with
distance. For them, line-haul costs represent essentially 100 percent
of the total cost/rate. Rail has the competitive advantage for full truck-
load shipments beyond 350 miles for all highway carriers except private
truck. Private carriage is the only truck service that remains competitive
with rail TOFC at distances up to 1200 miles.

5.2.4 Sensitivity to Highway User Tax, Distance and Truck Weight Limits

At this time, there is no Department of Transportation (DOT) estimate
of appropriate user tax levels to associate with each set of size and
weight limits. 1In the absence of such, parametric . treatment of user
taxes using 1977 as a base year can be informative. This section has
arbitrarily selected a range of values. If highway user taxes are increased
from the 1977 levels (i.e., 1.6 percent for regular route FLT
cost/rate and 3 percent for irregular route carriers) by as much as a
factor of 5, then the motor carrier cost/rates would increase by 6
percent and 10.5 percent respectively. Comparable increases for cubed-

out FTL cost/rates for regular and irregular route carriers are
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7 percent and 11 percent respectively. Such an increase in user tax
levels would equal cost/rate reductions associated with increased capacity
for weighted-out FTL shipments, but would be only about 60 percent of the
cost/rate reduction for increased capacity for cubed-out FTL shipments.
Increases in highway user taxes will tend to move the competitive haul
distance between irregular route carriers and rail TOFC (using a conven-—
tional semi-trailer) down to about 250 and 325 miles for cubed-out and
weighted-out FTL shipments, respectively. A 10 percent increase in pay-
load capacity will negate TOFC's apparent advantage from a fivefold
increase in highway user taxes. Figures 5-12 and 5-12.1 illustrate
irregular route carriers' shipment charge, sensitivity to highway user
tax, distance, truck weight limits, and competitiveness with rail TOFC.

5.2.5 Sensitivity to Carrier Service, Truck Size and Fuel Cost

At this time, there is no DOT forecast of average fuel cost levels.
In the absence of such, parametric treatment of fuel costs using 1977 as
base year can be informative. This chapter has arbitrarily selected a
range of values. 1f fuel costs (i.e., fuel price and fuel efficiency
combined) increase in real dollar terms by as much as five times the
1977 levels, motor carrier cost/rates will increase between 12.5 percent
(LTL shipments by regular route carriers) and 29 percent (FTL shipments
by irregular route carriers). The use of western doubles can alleviate
the cost/rate impact of increased fuel costs. For PTL shipments, the
availability of western doubles reduces the fuel cost impact on cost/
rates from a potential increase of 23 percent to a potential increase of

only 7 percent, while LTL cost/rates experience a 12.3 percent net reduc-

tion at the higher fuel level.
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The competitive relationship between highway and rail TOFC/FF for

and 5-14. With the higher fuel cost level, rail TOFC (with conventional
semi~trailers) movements of FTL shipments will experience a cost/rate
increase of 22 percent, while the competitive highway service (RRC)
increases by 29 percent at 400 miles. TIf western doubles are used by
regular route carriers for LTL shipments, rail TOFC/FF (with conventional
semi-trailers) will have a 10.4 percent higher cost/rate at the higher
fuel cost level at 400 miles. TFor PTL shipments, rail TOFC/FF will have
a 3 percent lower cost/rate than motor carriers with western doubles at
the higher fuel cost level at 400 miles.

5.2.6 Sensitivity to Carrier Service, Distance and Fuel Cost

Figures 5-15 and 5-16 present LTL and FTL shipment charges and their
relative sensitivity to fuel cost changes and the effect of haul distances.
Examining the relationships, one can infer that fuel cost (i.e., fuel price
and fuel efficiency combined) increases will have a greater cost/rate impact
at the longer haul distances for all shipments because line~haul represents
a larger percentage of the total cost at the longer distances. The combined
effects of fuel cost increases along with increasing lengths of haul will have
a greater impact on highway than for rail. At 1200 miles the rail TOFC/FF LTL
cost/rate advantage is 16 percent, compared with a 4 percent difference at 400
miles and at the higher fuel cost levels. For PTL shipments, TOFC/FF

cost/rate advantage increases from 16 percent at 400 miles to 26 percent at

1200 miles.
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At the higher fuel cost levels, availability of western doubles for
highway carriers reduces the TOFC/FF LTL cost/rate advantage to 5 percent
at 1200 miles and at 400 miles to a negative 8 percent. For PTL shipments,
the advantage remains with rail, although it reduces to 14 percent at 1200

miles and 3 percent for 400 miles.

For TL shipments, rail TOFC (with conventional semi—-trailers) improves
its competitive advantage over all highway carriers. Haul distance cross
overs for equal cost/rates reduce for private truck from 1100 miles
to 700 miles and for irregular route carriers from 300 to 255 miles.

TOFC increases its competitive advantage over regular route carriers
over all distances to 57 percent at 400 miles and 61 percent at 1200 miles.

5.3 Parametric Analysis of Specialized Commodity Shipment Cost/Rates

This section attempts to complete the representation of all major
categories of freight services. Sections 5-1 and 5-2 concentrated on
representing cost/rates for general service merchandise dry van operations
as well as the competitive rail side of the picture. Other specialized
equipment types for truck and rail are examined here in terms of major
cost categories and regional differences, and the effects of various TS&W
1imits are isolated. The specialized services and equipment types covered
are auto transporters, dumps, platform/racks, refrigerated vans, and tanks.
Rail costs are developed for services which are competitive with these

truck services.
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The specialized commodity truck services represent movements of full
truck load shipments. Different truck configurations have inherent advan-
tages for different shipment sizes. A single specific conventional semi
trailer is presented here as the typical truck configuration for each spe-
cialized service. Obviously, there are many variations in equipment used
in specific markets by various carriers for various services. This paper
attempts to present the most typical services for the greatest volume of
present truck activities.

The pricing effects of different truck size and weight limits on these
conventional rigs are estimated. Three major axle weight limits ranging
from about 10 percent below to about 10 percent above the current federal
standard are examined. The extreme example of increased size limits which

would permit the use of large double trailer rigs is represented by examina-

tion of the price effects of 45-foot doubles or "Turnpike Doubles'" as they are

referred to here,

5.3.1 Sensitivity To Carrier Service and Region of Operation

For a typical 400-mile trip utilizing conventional semi trailers loaded
to their legal maximum with an 80,000-pound GCW limit, Figure 5-17 presents
a regional breakdown of shipment cost/rates for special commodity truck ser-
vices. Platform/rack and refrigerated van costs all show similar relation-
ships to dry van movements by irregular route common carriers. Cost/rates
within the southern region register the lowest, primarily because of low
labor wages, while the northeast and midwest regions experience the highest
levels of cost/rates. Auto transporters register the highest shipment cost/

rate per hundred weight of all special commodity services. Correspondingly,
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auto transporters have the lowest average payload and commodity density com-
pared to the other truck services. Heavy bulk movements in dump trucks
reveal that single unit vehicles are more expensive to operate than tractor
trailer combinations. Higher costs for maintenance, fuel, and labor are the
primary reasons for the cost differences.

Figure 5-18 presents rail cost/rates for special commodity services
which are comparable and competitive with truck services., Rail refrigerated
car service appears to be competitive with truck refrigerated van service
in all regions, while dedicated TOFC refrigerated vans' cost/rate is com-
petitive in the south only. Platform/rack and tank cars are clearly price
competitive with the alternative truck services.

5.3.2 Operational, Functional, and Cost Elements

Axle and gross weight limit changes are likely to have a greater effect
on cost/rates of special commodity services than on general commodity services
because line haul costs represent the major portion of total cost/rates for
special commodity services. Figure 5-19 isolates the total cost/rate for

special commodity FTL shipments and distributes appropriate costs among the com-

; , 34
ponents of line haul function.
Fuel costs for auto transporters, racks and tanks all run about 6-9

percent of total cost/rate, while heavy weight payloads and additional fuel

Special commodity truck services are generally irregular route carriers,
operating non-scheduled movements. If they operate at all, IRC will only
operate and maintain terminals in their base area.
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usage for cooling units escalate fuel costs for dumps and refrigerated vans

up to 20 percent and 13 percent, respectively. Fuel costs combined with

road user taxes represent 8 to 22 percent of the total cost/rate. Increase

in these two costs above the general level of inflation could negate any
potential savings generated from increasing GCW limits from 73/18/32k to 80/20/
34k or to 22.4/36k axles and gross weight via the Bridge Formula.

5.3.3 Sensitivity To Carrier Service and Truck Size

Figure 5-20 examines the potential savings on cost/rates of special
commodity truck services which would result from substantially more liberal
truck size limits, which would, in turn, permit the use of turnpike doubles
on the Interstate System. Turnpike doubles provide twice the amount of
cubic capacity than conventional semis, which can be translated into a 40-44
percent increase in payload tonnage, depending on which axle weight limits are
used. This presumes that the gross weight limit is established by use of
the Bridge Formula. An arbitrary gross weight limit of 73k or 80k negates the
economic advantage of the turnpike double.

The potential savings in cost/rate reductions from utilizing turnpike
doubles over conventional semis for special commodity services range from 9
to 23 percent. This broad impact range can be directly correlated to the
average payloads of the services. The largest savings occur to those services
which can attain the higher payloads, while a lesser reduction is realized by
movements of lower commodity density.

5.3.4 Sensitivity To Carrier Service and Truck Weight Limits

Figure 5-21 presents potential cost/rate reductions for dry van and

special commodity services resulting from altering gross weight as well as
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individual axle limits. Conventional semitrailers and turnpike doubles repre-
sent the current dominant rig and the largest likely rig that could be used
for these services on the Interstate System.

Three truck weight limits will be addressed in this section: 80/20/34k
is the current Federal Standard on the Interstate System, 73/18/32k is the pre-
1974 Federal Standard and the current low limit in several states, and 22.4/36k
and the Bridge Formula determined gross weight which approximates the highest
levels in effect in several states. These three sets of weight limits will
be examined as follows:

1. Services using conventional semis at the low and high axle limits

in relation to the current Federal Standard (20/34k).

2. Services using turnpike doubles at the 20/34k axle limits in relation

to conventional semis at the 20/34k axle limits.

3. Services using turnpike doubles at the 18/32k axle limits in relation

to conventional semis at the 20/34k axle limits.

If the federal GCW limits are rolled back from the current level (80/20/34k)
to the 1956 level (73/18/32k), cost/rates of special commodity carriers using
conventional semis will increase around 10 percent for all services except
for tanks, whose increase is about 6 percent. Extending GCW limits to the
heavy axle limits (i.e., 22.4/36k), will only produce about a 4 percent de-
crease in cost/rates for all special commodity carriers using conventional
semis.

Dry van and refrigerated van services, utilizing conventional semis (at

20/34k axle limit), can lower their cost/rates 1l percent if turnpike doubles
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are substituted at the 20/34k axle limit. Only a 4 percent cost/rate reduction
can be realized for these two services if the lower axle limit (18/32k) is
implemented for turnpike doubles relative to conventional semis at 20/34k
limits. Potential savings are more than doubled if turnpike doubles are used
at the 20/34k limit instead of 18/32k relative to conventional semis at 20/34k
axle limit. Other commodity services, utilizing turnpike doubles, can

realize potential savings 1.5 times (14-16 percent vs. 9-12 percent) greater

if 20/34k axle limits are applied instead of 18/32k limits in relation to con-
ventional semis at 20/34k limit.

One additional possibility for maintaining or improving truck productivity
while reducing adverse impacts on pavement and bridges might be to permit the
use of combinations with a broader distribution of axle loads such as 27-foot
triples. Three 27-foot trailers, loaded to their legal maximums provides 7
percent more payload than turnpike doubles at 18/32k axle limits.35 But on a
per-truck-mile cost basis, triple 27s are 14 percent more costly to operate
relative to turnpike doubles. Higher labor premiums, capital, and maintenance
costs are the primary categories causing triples higher operating cost. There-
fore, triples do not provide a favorable tradeoff between truck productivity
and pavement wear for movements of full truckload shipments. Table 5-4 pre-
sents irregular route carrier cost/rates for distances of 400 and 2000 miles
and three truck weight limits. Conventional semis, turnpike doubles and

triple 27s are the three truck configurations presented.

3> "Analysis of Truck Payloads Under Various Limits of Size, Weight and

Configuration,'" by J. Mergel, June 1979.
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TABLE 5-5. TOTAL SHIPMENT CHARGE:

TRUCK WEIGHT LIMITS AND DISTANCE

SENSITIVITY TO CARRIER SERVICE,

General Service Merchandise Dry Van

Irregular Route Carriers

Conv. Turnpike | Western | Triple
Semi Double* Doubles 27s%*
400 Miles
18/32/73 $1.15 $1.07 $1.33 $1.10
20/34/80 1.05 1.00 1.15 1.07
22.4/36/Bridge 1.01 .94 1.14 1.04
2000 Miles
18/32/73 $5.77 $5.06 $6.67 $5.23
20/34/80 5.23 4.71 5.75 5.09
22.4/36/Bridge 5.05 4,45 5.74 4.95

* GCW limits for turnpike doubles and triple 27s are determined
through the use of the Bridge Formula.

NOTE: Total shipment cost/rates are presented in 1977 $/cwt.

rates represent the Midwest region.
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5.3.5 Sensitivity To Truck Size, Weight Limits and Distance -~ General

Service Merchandise Dry Vans

Figure 5-22 shows that for full truckload shipments loaded to the legal
maximum with limits of 73/18/32k, rail TOFC is price competitive with motor
carriers using conventional semi trailers at distances greater than 400 miles.
Increasing limits to the Bridge Formula with single/tandem axle loadings of 22.4k
and 36k pounds, truck's cost/rate advantage is increased to 500 miles. This
could mean a significant increase in market penetration.

With the availability of turnpike doubles at the higher GCW limits,
motor carriers are able to receive 44 percent more net payload if trailers
are loaded to the legal maximum. This can be translated into increasing
truck's competitive position with rail TOFC up to 650 miles.

From a truck productivity viewpoint, increasing the truck limits from
20/34k to 22.4/36k will not have a major impact on reducing motor carrier's
cost/rate. TFor a 400-mile trip, dry van conventional semi's and turnpike
doubles' cost/rates will reduce by 4 to 6 percent, respectively. If the
base weight limit is 18/32k, conversion to 22.4/36k weight limit will provide
a potential 14 percent reduction in cost/rates for both conventional semis
and turnpike doubles.

5.3.6 Sensitivity To Truck Size, Weight Limits and Distance -- Special

Commodity Truck Services

For other equipment types (refrigerated van, rack/platform and tank),
Figures 5-23, 5-24, and 5-25, respectively examine the competitive relation~
ships between truck and rail by altering truck weight limits and the availa-

bility of turnpike doubles for FTL shipments.
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Dedicated TOFC refrigerated vans is the only other rail service which is
competitive with the truck service. Trucks are competitive with TOFC at
distances up to 650 miles under weight limits of 73/18/32k. Truck refrigerated
vans' competitive advantage is increased to 800 miles with 80/20/34k and 825
miles if GCW limits are increased to Bridge/22.4/36k. Turnpike doubles make
the truck service even more attractive. Motor carriers are able to compete
with TOFC refrigerated vans up to distances of 1150 miles if doubles are
permitted at the highest weight limit and 800 miles at the lowest limit.

For an average haul distance of 1000 miles, turnpike doubles provide an
11% reduction in cost/rates over conventional semis at any axle limit. Altering
axle limits from 20/34k to 22.4/36k will reduce refrigerated van cost/rates
4 to 8 percent for either conventional semis or turnpike doubles, respectively.
Reducing limits from 20/34k to 18/32k will increase cost/rates 11 percent for
conventional semis and 7 percent for tunrpike doubles.

Rack/platform and tank truck services also display the inherent economic
attractiveness of turnpike doubles. Racks can increase payload by 42 percent,
while tank's net gain is 51 percent by utilizing turnpike doubles instead of
conventional semis. This gain in net payload will have a positive effect on
reducing the cost/rates of these truck services. Turnpike doubles used in rack/
platform services will yield 8 to 11 percent reduction in cost/rates for a
400 mile trip over conventional semis at any weight limit. An increase in
axle limits from 20/34k to 22.4/36k will produce a net cost/rate reduction

of 3 percent for singles and 7 percent for turnpike doubles. Platform cost/
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rates increase 6 to 10 percent if the current federal standard is rolled
back to the 1956 level for turnpike doubles and conventional semis, respec~-
tively. Figure 5-24 shows that for higher truck size and weight limits,
platform/rack carriers will be price competitive with rail services.

Tank truck services can obtain a cost/rate reduction of 7 to 10 percent
at 400 miles if doubles are substituted for singles at any weight bracket.
Increasing axle limits from the federal standard to the highest level will
yield a 4 to 5 percent reduction in cost/rates for conventional semis and
turnpike doubles, respectively. Utilizing the low axle limits will increase
cost/rates 6 percent for both singles and doubles. Figure 5-25 illustrates
that changing either size or weight limits will not result in any clear
competitive change between truck and rail for tank services if price is the

determining factor for mode choice.
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APPENDIX B




TABLE B-1.
FOR TSC TRUCK COST MODEL

Regular Route Common

North Eastern

1. Sanborns Motor
Express
Portland, ME

2. Holmes Transport.
Framingham, MA

3. APA Transport Corp.
Bergen, NJ

4. Preston Trkg. Co.
Preston, MD

Southern

AAA-Cooper Trans.
Dethan, AL

Georgia Hwy. Expr.
Atlanta, GA

Carolina Frt.
Carriers
Cherryville, NC

McLean Trucking
Winston-Salem, NC

So. East. Frt.
Columbia, SC

Lines

Great Coastal Expr.
Richmond, VA

Midwestern

Yellow Freight
Sahwnee Mission, KS

Dohrn Transfer
Rock Island, IL
Mid-Amer. Lines

Kansas City, MO

Werner Continental
St. Paul, MN

Irregular Route/ Contract Carriers

Food Hanlets
Elizabeth, NJ

C-Line
Chepachet, RI

Gross & Hecht Trkg.
Edison, NJ

Inc.

D.J. McNichol Co.
Philadelphia, PA

Pacific Trptn. Lns. Inc.
Buffalo,NY

Stop & Shop
Boston, MA

General Electric Co.
Schenactady, NY

A.G. Boone
Charlotte, NC

C.T. Hertzsch
Louisville, KY

Fast Motor Serv.
Palos Heights, IL

Standard Fwdg Co.
Inc.
E. Moline, IL

Cresco Lines
Crestwood, IL

Chip Carriers Inc.
Omaha, NE

Truckaway Serv. Inc.
Detroit, MI

Inc.

CARRIERS SELECTED BY CLASS AND REGION OF OPERATION

Western

Time DC
Lubbock, TX

Pacific Int'l Expr.
Oakland, CA

IML Frt.
Salt Lake City, UT

Consolidated Frt.
Menlo Park, CA
Garrett Frt. Lines
Pocatello, 1D

Redball Motor Frt.
Dallas, TX

U&R Express Inc.
White City, OR

Continental Cont.

Carts
City-Industry, CA

Jo/Kel Inc.
City-Industry, CA

Signal Delv. Serv. Inc.

Hinsdale, IL

Private Carriers

Burlington Ind. Inc.
Burlington, NC

R.J. Reynolds
Tobacco Co.
Winston Salem, NC

SCM Corp.
Cleveland, OH

The CECO Corp.
Chicago, IL

Johns Manville
Sales Corp.
Denver Co.

Certified Grocers
of Calif. Ltd.
Los Angeles, CA
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APPENDIX C



BE
TABLE C-1. EQUIPMENT AND CARRIER SERVICES WHICH CAN 5(4)

ESTIMATED FROM THE AVAILABLE I.C.C. DATA FILE

TRUCK - GENERALLY CLASS I

RAI L

Note:

(1)

(2)
(3)

(4)

BY REGION

0 General Service Dry Van
o] Dumps(l)

0 Reefer Van

o Tankers

0 Auto Transports

o Platform/Racks

o Household Goods(z)

¥ BY REGION
o General Service Boxcar and TOFC
0 Bulk Car liovements
0 High Cube - Car Parts(z)
o High Cube - Auto Transports
o Reefer
o Tank Cars

o Platform/Racks

Dump truck cost information was gathered from a TSC Staff
Study, '"Determining the Productivity of Improved Coal Haul
Roads.”" D.P. Sullivan § J.S. Yasmus, September 1979.

Costs for these services were not completed for this exercise.

All of the above in single car, multicar or unit train
shipments.

~Appendices D, E and F, which follow come from ICC data files.
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TABLE D-14.1 BASIC RAIL COST FACTORS USED TO DIFFERENTIATE
VARIOUS SHIPMENT SIZES

% %k
Shipment Size Line Haul Terminal Area
Single Car Shipment 1.0 1.1
Average Car Shipment 1.0 1.0
Multiple Car Shipment 1.0 0.9
Unit Train Shipment 2.0 0.4

* Apply to average $/car-mile costs ijn Table D-]2.
**% Apply to average $/ton costs in Table D-]2.
SOURCE: Derived by TSC from TSC Staff Study $S5-223-U1-32, "Freight Market

Sensitivity to Service Quality and Price," Fuertes, Maio, Nienhaus,
December 1977, p. A-14.
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