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EXECUTIVE SUMMARY

The objective of this study was to determine the impact on the Montana state highway
system if Canadian Interprovincial or Canamex limits on vehicle size and weight are adopted on
a regional or national level. The overall cost of transporting goods on the highway system is
influenced by several factors, including the costs of the vehicle and driver, fuel costs, highway
user fees, and vehicle capacity and efficiency. To a certain extent, these costs are interdependent,
with a reduction in costs in one area possibly resulting in higher costs in another area. Operating
costs, for example, may be reduced by hauling more freight on each trip using larger and/or
heavier vehicles. Such vehicles, however, will cause increased damage to the highway system
and thus require the operator to pay increased highway user fees to cover the cost of this damage.
The operator, and thus ultimately the consumer, may still realize a net cost savings in this
instance, however, if reductions in operating costs are larger than the costs of the increased
damage to the highway system. This specific issue, that is, the relationship between truck size
and weight and overall highway transportation costs, was the focus of a recent Transportation
Research Board study entitled Truck Weight Limits: Issues and Options. In this study, seven
vehicle size and weight scenarios were investigated. In the six of the seven scenarios in which
vehicle size and weight limits were increased, reductions in overall transportation costs were
predicted.

The greatest cost savings were predicted in the TRB study fbr the adoption of Canadican
Interprovinicial limits on truck size and weight. Transportation officials in Canada developed a
set of new vehicle size and weight limits, referred to as the Canadian Interprovincial limits, in an
effort to improve the efficiency and safety of truck transportation while simultaneously limiting
damage to pavement and bridges. These limits allow heavier and shorter combination vehicles
to operate on the highway system with higher axle group weights than are currently allowed
under Montana limits. With the passage of the North American Free Trade Agreement, the
juxtaposition of Montana and Canada, the possible cost savings to be realized, and the possible
safety benefits to be gained, it was judged to be worthwhile to investigate the impact on Montana
highways of adopting the Canadian Interprovincial Limits on truck weight and size. The increase

in weights allowed under Canadian Interprovincial vehicles is substantial (an 8 axle combination

viii



unit, for example, can operate at up to 138,000 pounds, which is approximately 20 percent
greater then currently allowed), so two hybrid size and weight scenarios were also investigated in
which vehicles would be allowed to operate at Canadian gross vehicle weights within the
constraints of meeting current Montana axle weight limits. Thus, some of the cost savings and
improved safety associated with Canadian Interprovincial limits may be realized under these
scenarios while infrastructure impacts may be reduced. One hybrid scenario, referred to as
Canamex, involves operating large combination vehicles similar in configuration to existing
vehicles in Montana at weights up to 128,000 pounds. The second hybrid scenario, referred to as
Canamex Short, involves operating vehicles similar in configuration to Canadian Interprovincial
vehicles at weights up to 126,000 pounds.

The impact that the introduction of these various vehicles would have on the Montana
highway system was determined in several steps: a) projections were made of the compositions
of the new traffic streams that would evolve under the revised weight limits, b) the physical
impacts of these traffic streams on the existing highway system were assessed, and c) the costs of
these physical impacts on the highway system were calculated. While the focus of this
investigation was on the bridges and pavements on the highway system, limited consideration
was also given to other related highway features and activities that will be impacted by adoption
of these new size and weight limits (e.g., roadway geometry, roadway maintenance, bridge
inspection, etc.).

The composition of the traffic stream on the highways around the state will change if new
size and weight limits are adopted, as operators move to take advantage of any economic benefit
offered by these vehicles. The new vehicle size and weight limits considered in this study
generally offer the ability to transport greater weight (but not volume) than present limits, so
weight limited operators are expected to migrate to the new configurations. In general, the
absolute number of heavy vehicles in the traffic stream is expected to remain fairly constant.
Intervehicle diversions are expected to reduce the number of vehicles (shifting of freight to fewer
heavier vehicles) while intermodal diversions are expected to increase the number of vehicles
(simply adding vehicles). Under Canadian Interprovincial limits, operators are expected to
migrate to the 6 axle tractor, semi-trailer and 8 axle B-train combination unit. These

configurations will increase from being 4 and 1 percent of the existing vehicle fleet, respectively
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to each being 14 percent of the fleet. Correspondingly, a significant reduction in the use of
traditional 5 axle tractor semi-trailer units is expected (from being 66 percent to being 44 percent
of the vehicle fleet). Under both Canamex and Canamex Short limits, less sweeping changes in
the traffic stream are expected. Under these scenarios, operators are expected to migrate
predominantly to the 8 axle C-train, which will increase from being 2 percent to as much as 12
percent of the vehicle fleet. Under all the scenarios, diversion of freight from rail to truck is
expected, and an allowance was made for this occurrence as the new traffic streams were
developed.

The new vehicles in the Canadian Interprovincial, Canamex, and Canamex Short traffic
streams will have an impact on the highway system. Bridges and pavements on the system will
feel the primary impact if new limits are adopted. Assessing the impact of these vehicles on the
bridge system is a complex problem, in that all of the bridges on the interstate system and the
majority of the bridges on the primary system, for example, are not expected to sustain
immediate damage. While the demands these vehicles place on the bridges exceed the demands
used in their original design, bridges have traditionally been conservatively designed. Many of
these structures may possess adequate reserve capacity to offer an acceptable level of safety
under the new demands.

The analyses performed in this study found that 16 to 20 percent of all the bridges on the
state highway system are deficient under Canadian Interprovincial vehicles (above and beyond
the bridges currently deficient under HS20 design loads, the design standard used in Montana for
most bridges). This range of deficiencies was calculated using different representations for the
capacity of the bridge system. The higher figure for deficiencies reflects an average bridge
capacity approximately midway between the two capacities (Inventory and Operating) typically
used in the Allowable Stress based rating system. This intermediate level of capacity may better
reflect the useable as-built, as-performing, and as-load rated capacity of existing structures on the -
Montana highway system than their original design capacity. The lower estimate of bridge
deficiencies is based on full Allowable Stress based Operating ratings, calculated again from the
original design capacity of the bridges. These Operating ratings were believed to reflect an upper
boundary on the maximum useable capacity of existing structures on the highway system.

Useable load ratings at this level may be obtained for the specific conditions in Montana (low
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traffic, good structural conditions), as verified using the results of a new load rating procedure
(Load and Resistance Factor approach) developed to help facilitate the attainment of a uniform
level of safety for bridges across the variety of conditions encountered in service.

Significantly fewer bridges are deficient (above and beyond those bridges already
deficient to carry the HS20 design vehicle) under Canamex and Canamex Short limits compared
to Canadian Interprovincial limits, as might be expected based on the lower axle weights and
gross vehicle weights allowed under these scenarios. Between 1 and 3 percent of all the bridges
on the state highway system are deficient under Canamex and Canamex Short limits, above and
beyond those currently deficient under the HS20 design vehicle. Once again, the latter failure
rate was calculated using a bridge capacity midway between Allowable Stress based Inventory
and Operating ratings; the former, using full Allowable Stress based Operating ratings.

Predicted bridge impacts are sensitive to the element of the highway system under
consideration, in addition to the size and weight scenario and assumed level of bridge capacity.
The lowest percentages of deficient bridges are consistently found on the interstate system.
Thirty-two, two, and six percent, respectively, of the bridges on the interstate system, for
example, are deficient under Canadian Interprovincial, Canamex, and Canamex Short loads,
assuming a bridge capacity midway between Allowable Stress based Inventory and Operating
ratings. Corresponding deficiency rates on the primary and secondary systems range around 70
percent for all scenarios. These results are not unexpected, in that the interstate system in
Montana is relatively young (average bridge age of 25 years) and most of the bridges on the
system were designed using the HS20-44 vehicle. The primary and secondary systems are older
than the interstate system (average bridge ages of 42 and 36 years, respectively) and both systems
include many bridges built for lower design loads than used on the interstate system.

While strength is of primary importance in evaluating bridge performance, durability is an
important consideration from a practical perspective. A limited experimental and analytical
investigation of bridge behavior at Canadian Interprovincial load levels indicated that long term
durability and performance will not be compromised under these loads. This study focused on
possible accelerated deterioration of concrete decks, prestressed concrete beams, and steel

stringers (fatigue).
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With regard to decks, Canadian Interprovincial limits will place increased demands on
bridge decks as wheel loads are carried into the stringer systems. An experimental and analytical
investigation of these demands indicated, however, that they will not lead to accelerated deck
deterioration. A limited experimental and analytical investigation of the response of prestressed
concrete beams under Canadian B-trains also found that long term integrity of the beams will not
be compromised under these loads. A network analysis of fatigue response in steel bridges
indicated that less than 20 percent of the bridges on the system will have less than a 75 year life
under the new vehicles considered herein, although fatigue demands are predicted to increase by
up to approximately 30 and 10 percent under Canadian Interprovincial and under Canamex and
Canamex Short limits, respectively.

Vehicle demands on the pavement will increase under Canadian Interprovincial,
Canamex, and Canamex Short size and weight limits. Canadian Interprovincial limits allow
tandem and tridem axles to be loaded 10 and 25 percent heavier, respectively, than is permitted
under existing Montana weight limits. Catastrophic pavement failure is not expected to occur in
a single passage (or even a few passages) of these loads, but long term pavement deterioration
will be accelerated. While Canamex and Canamex Short vehicles are restricted to operate at
existing maximum axle weight limits, the weight carried by the axles on these vehicles is
expected to increase compared to current practice. Axle weights on large combination units are
presently limited to less than their allowable maximum values by Bridge Formula B axle group
constraints. If Formula B were negated (as is proposed for specific configurations in the
Canamex and Canamex Short scenarios), these axle weights will increase.

Long term pavement demands, as measured in ESALSs, are projected to increase
approximately 3 and 4 percent, respectively, for the Canadian Interprovincial and for the two
Canamex scenarios as compared to projected demands of the current traffic stream. These
demands will result in a nominal reduction in the life of existing pavements (typically less than 1
year) and a nominal increase in the thickness of future overlays (typically less than 2 percent),
based on calculations performed using an AASHTO ESAL based pavement performance model.

Costs were assessed for the impacts identified above by calculating costs for equivalent
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work at current prices, projecting these costs into the future as necessary, and determining
equivalent uniform annual costs for the resulting cash flow. These cost increases are specifically
- associated with (a) replacing currently adequate bridges on the system that are found to be
inadequate under the new vehicle loads and (b) overlaying roads earlier than expected using
pavements nominally thicker than would be required under the existing traffic stream to
accommodate the new vehicles. In most cases, the majority of these costs are associated with
bridge impacts. In all cases, the cost impacts for the primary system significantly exceed those
for the interstate system.

If Canadian Interprovincial limits are adopted, the incremental increase in combined
bridge and pavement costs on the interstate and primary systems is projected to be between 12
and 42 million dollars per year, which represent increases of 12 and 36 percent, respectively,
relative to comparable costs under the present traffic stream. The impacts of adopting Canamex
and Canamex Short limits are projected to be significantly less than those for Canadian
Interprovincial limits, which would be expected based on the relative magnitude of the allowable
loads under the two systems. If Canamex limits are adopted, the incfemental increase in
pavement and bridge costs on the interstate and primary systems is projected to be between 4 and
7 million dollars per year, which represent increases of 4 and 6 percent, respectively, over
comparable costs projected under the current traffic stream. If Canamex Short Limits are
adopted, the incremental increase in pavement and bridge costs on the interstate and primary
systems is projected to be between 5 and 10 million dollars per year, which represent increases of
4 and 9 percent, respectively, over comparable costs projected under the current traffic stream.

The increase in user cost responsibility associated with adopting Canadian
Interprovincial, Canamex, or Canamex Short limits was estimated based on the increased costs
for the highway system as identified above and the projected use of the system by the new
vehicles. The per unit cost responsibilities for Canadian Interprovincial vehicles were found to
be lower than might be expected based on the total cost impacts stated above. Adoption of
Canadian Interprovincial limits would affect the greatest number of vehicles in the resulting

traffic stream, thereby reducing cost responsibility per vehicle mile driven.
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The estimated incremental cost responsibility for Canadian Interprovincial vehicles
operating on the interstate system ranges from 0.01 and 0.18 dollars per mile driven by the new
vehicles. Cost responsibilities ranging from 0.02 to 0.08 and from 0.02 to 0.15 dollars per mile
driven are estimated for Canamex and Canamex Short vehicles, respectively, operating on the
interstate system. In each instance, the first figure was calculated using full Allowable Stress
based Operating ratings to represent bridge capacity; the second figure, using an intermediate
bridge capacity between Allowable Stress based Inventory and Operating levels. Actual cost
responsibilities are expected to fall within these ranges. The sensitivity of these estimates of cost
responsibility to the assumed level of bridge capacity is obvious.

Lower cost responsibilities were consistently calculated for vehicles operating on the
interstate relative to the primary system. Calculated cost responsibilities on the primary system
are from 1.3 to 10 times greater than cost responsibilities estimated for the interstate system.

Per unit cost responsibilities were not calculated for the secondary system. These costs,
however, are expected to be higher than those for the interstate and primary system. The lighter
pavements and bridges on the secondary system are expected to be less tolerant of the increases
in load under Canadian Interprovincial, Canamex, and Canamex Short vehicles than the more
substantial pavements on the primary and interstate systems, and the lower truck volumes would
further inflate the per unit costs.

Overall (and assuming geographically widespread implementation of the scenario),
Canadian Interprovincial limits will result in significantly higher demands on the highway system
than Canamex or Canamex Short limits, as would be expected based on the difference in loads
allowed under the three systems. Demands under Canamex Short limits, in turn, are nominally
higher than the demands under Canamex Limits. These differentials in demand are associated
primarily with the bridge system, where Canadian Interprovincial vehicles stress more structures
closer to their ultimate capacity than Canamex Short and Canamex vehicles. In general, fewer
bridges were found to be deficient on the interstate compared to other systems.

Based on these various results, it may be practical to focus the operation of the new
vehicles on designated routes within the state, notably the interstate routes (or some portion of

them). The interstate system should be able to handle either Canadian Interprovincial, Canamex,

Xiv



or Canamex Short vehicles without substantial modification. It will be possible, however, to
open more of the system to Canamex vehicles than to either Canamex Short or, particularly,
Canadian Interprovincial vehicles. Collector routes along the interstate (primary, secondary, and
urban routes) may also be able to better handle Canamex vehicles than Canamex Short and
Canadian Interprovincial vehicles. In almost all cases, the majority of the incremental uniform
annual cost is bridge related. Thus, costs associated with specific routes could be significantly
lower than the average costs presented above, if these routes contain only a few (or no) deficient

bridges.
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1. INTRODUCTION

1.1 GENERAL REMARKS

The cost of transporting goods by truck is influenced by several factors, including the
costs of the driver and the truck, the capacity of the truck and its efficiency, the cost of fuel, and
the cost of the highway. To some extent, these costs are interdependent, with a reduction of costs
in one or more areas resulting in a cost increase in another area. Operating costs, for example,
may be reduced by transporting the same amount of goods in fewer trips by hauling heavier
loads. Heavier loads, however, are more damaging to the highway system, resulting in increased
highway costs. Heavier loads may still afford an overall cost advantage to the consumer, if the
savings in operating costs are more than the increases in highway expenses. The Transportation
Research Board (TRB) published a study in 1990 that specifically investigated the impact on
overall truck transportation costs of increasing truck weight limits (TRB, 1990a). The results of
this study clearly show that total truck transportation costs will be reduced by increasing weight
limits. TRB considered seven different weight limit scenarios in their study, six scenarios that
involved increasing weight limits and one scenario that involved decreasing weight limits. While
every proposal that involved increasing weight limits resulted in an associated increase in
pavement and bridge costs, these cost increases were more than offset by savings in operating
costs. In the single scenario they considered in which more restrictive weight limits were
imposed on trucks, lower pavement and bridge costs did result. Overall truck transportation
costs, however, increased significantly.

The greatest net savings in truck transportation costs (approximately 8 percent) were
realized in the TRB study by the adoption of Canadian Interprovincial Limits on truck weights.
The greatest increases in pavement and bridge costs were also observed for this scenario. The
Canadian Interprovincial Limits on weights of both individual axle groups and combinations of
axles groups exceed those allowed in the United States. Correspondingly, these vehicles will
place greater demands on U.S. highways than they were initially designed to resist. The TRB
study also found that traffic accidents and fatalities would nominally decrease with the adoption

of Canadian Interprovincial Limits. These results are not surprising, in that the Canadian
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Interprovincial Limits are based on an extensive research program, and they were specifically
established to improve overall economy and safety of truck transport (Roads and Transportation
Association of Canada (RTAC), 1987). The authors of the TRB study concluded that adoption of
Canadian Interprovincial Limits in the U.S. would be impractical, primarily due to the large
number of bridges that would have to be replaced.

With the passage of the North American Free Trade Agreement, the juxtaposition of
Montana and Canada, the possible cost savings to be realized, and possible safety benefits to be
gained, it is worthwhile to investigate the impact on Montana highways of adopting the Canadian

Interprovincial Limits on truck weight and size.

1.2 OBJECTIVES AND SCOPE

The objective of this study was to determine the impact on the Montana state highway
system of the adoption of Canadian Interprovincial Limits on vehicle size and weight at a
regional and/or national level. Three scenarios were investigated. In the first scenario, adoption
of full Canadian Interprovincial limits on both vehicle size and weight was considered. Two
additional scenarios were considered, in which various aspects of the Canadian Interprovincial
Limits would be adopted while restricting axle loads to existing Montana weight limits. These
second two scenarios were believed to possibly be less damaging to the highway system than full
Canadian Interprovincial limits, while still offering some of the reported overall economic
advantages of those limits. The first of these hybrid scenarios, referred to as Canamex, involves
allowing specific vehicles similar in geometry to large combination vehicles currently used in
Montana to operate on Montana’s highways at gross weights up to Canadian Interprovincial
gross vehicle weights, within the constraints of Montana axle load limits. This scenario has been
labeled Canamex (Alberta Transport and Utilities, 1994). The second hybrid scenario, referred to
as Canamex Short in this study, involves allowing additional weight on only those vehicles
which meet Canadian Interprovincial vehicle geometries. These vehicles would be allowed to
operate up to Canadian Interprovincial gross vehicle weights within the constraints of Montana

axle load limits.
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The impact that the introduction of these vehicles would have on the Montana highway

system was determined in several steps:

a)

b)

Projections were made of the compositions of the new traffic streams that might
evolve under the revised size and weight limits. This evolution will naturally
occur as vehicle owners modify their operations to realize any cost savings
available under the new increased weight limits. The composition of the traffic
stream was also modified to include diversion of freight from rail to truck by
imposing a simple percentage increase in the amount of freight carried by truck.
The physical impact of this new traffic stream on the existing highway system was
assessed. This assessment was accomplished using engineering analyses to
determine the response of existing bridges and pavements under the new traffic
loads. These calculations were performed at the network level using simplified
analysis techniques. Calculations were performed to identify bridges that are
inadequate to carry Canadian Interprovincial and Canamex vehicles and to
investigate any fatigue and durability problems that may develop in bridges under
these increased loads. Limited detailed analyses and field studies were performed
to further evaluate the possible effects of the new vehicles on the pavement and
bridge systems. Calculations were also performed to determine any reduction in
the remaining life of existing pavements under the new traffic streams and to

determine any increase in design requirements for the future overlays necessary

under these streams.

The costs of these physical impacts on the highway system were calculated. Costs
were figured for all activities (bridge replacement and future overlay) in terms of
the present cost of similar activities. These costs were then adjusted to their
actual time of occurrence and re-expressed as an equivalent uniform annual cost
to allow for comparison of the various scenarios. A gross estimate was made
regarding the allocation of the incremental costs associated with adopting these

new weight limits to the new vehicles that occasioned them.



While the focus of this investigation was on the direct impact Canadian Interprovincial
and Canamex vehicles will have on the pavements and bridges on the highway system,
consideration was also given to other related highway features and activities that will be
impacted by such a step (e.g., roadway geometry, roadway maintenance, bridge inspection, etc.).

The analyses performed in this study were compared, as possible and appropriate, with
the analyses and results of other investigators and with the experience in various Canadian

provinces since their adoption of Canadian Interprovincial limits.
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2. DESCRIPTION OF THE HIGHWAY SYSTEM AND ITS USERS

2.1 GENERAL REMARKS

This study is concerned with the highway infrastructure in the state of Montana and the
vehicles that use it. Interest is specifically focused on 1) the roadways and 2) the bridges in the
state for which the Montana Department of Transportation (MDT) assumes responsibility. While
the function of each of these components is the same, that is, to carry vehicles between two
points, they accomplish this function in very different fashions, and they will be treated
separately in the following analyses. The vehicles that use the roadways and bridges can also be
divided into distinct groups based on their axle configurations. Specific vehicle configurations
and traffic patterns have evolved in Montana in response to social/economic needs and the
constraints of motor vehicle size and weight regulations. Demands on the roadways and bridges

in the state are integrally related to these vehicle configurations and traffic patterns.

2.2 MONTANA STATE HIGHWAY SYSTEM
2.2.1 Roadways - In 1993, approximately 11,753 miles of highway made up the interstate,
primary, secondary, and urban systems in the state of Montana (MDT, 1993b; Cloud, 1995). By
virtue of being designated to one of these systems, a highway is eligible for one or more types of
federal aid funding. A summary of these highways is presented in Table 2.2.1-1. This summary
is presented in terms of the federal aid classification system used prior to the establishment of the
National Highway System (NHS) in 1993 and its adoption in final form in 1995. Since most of
the data provided to this study from MDT were organized in terms of the old classification
system, this study was conducted in terms of the old federal aid system. The interstate system is
identical under both highway systems, and approximately one-half of the old primary system was
incorporated into the NHS. The majority of the remainder of the old primary, secondary, and
urban systems are functionally classified as major collectors or above.

Road surfaces on the Montana state highway system are constructed of asphalt (flexible),

concrete (rigid), treated gravel, and gravel. The percent of each system paved with each type of
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material is reported in Table 2.2.1-1. Asphalt is the most commonly used material on state
highways, comprising 79 percent of the roads on the total state highway system. Only on the
interstate system is concrete used to any major extent (12 percent), and most of this pavement is
on a single interstate route (Interstate 90). The overall condition of the interstate system, as
represented by the present serviceability index (PSI), was judged to be fair to good in 1991, with
a length weighted average PSI value of 3.6 (MDT, 1991). The interstate system did exhibit
nominal rutting damage. Eight percent of the system lane mileage had ruts with a depth of 2-to-
*/+ inch. One percent of the system had ruts with a depth greater than 3/4 inch (MDT, 1991).

The primary system was judged to be in fair to good condition in 1992, with a length weighted
average PSI of 3.3. The conclusion was reached in 1992 that system deterioration was beginning
to proceed at a rate faster than repair (MDT, 1993a). This system also exhibited rutting distress.
Twenty-seven percent of the primary system had ruts with a depth of Y-to-*/s inch. Five percent
of the system had ruts with a depth greater than 3/4 inch. The median remaining life of the
roadways that comprise the primary system was estimated in 1992 to be 7 years. Only limited
data appears to be collected on the secondary, urban, and off- system roads. Information on the

general condition of the pavements on these systems is unavailable.

Table 2.2.1-1 State Highway System Mileage by Federal Aid System (MDT, 1993b;
Cloud, 1995)

Percent of mileage within each system by surface type

System Mileage % Flexible % Rigid % Other*
Interstate 1191 89 12 0
Primary 5452 96 1 3
Secondary 4757 56 0 44
Urban 353 87 1 12
Off system (1139) b b b
Total 11753 79 2 19

2 bituminous surface treatment, gravel, or primitive
® data unavailable



2.2.2 Bridges - A summary of the bridges in the state inventory is presented in Table 2.2.2-1.
Bridges on the state highway system are constructed using three types of structural systems,
namely, stringer, truss, and flat plate systems. Stringer systems are the most common bridge type
in the state, comprising 95 percent of the inventory by length. This type of bridge consists of a
series of parallel beams (stringers) oriented in the direction of the span. The beams support the
deck and are in turn supported by the abutments and pieis. Loads are carried through transverse
shear forces and bending moments in the beams. The beams are either simply supported on each
end, or they can be continuous across any internal supports. Simply supported stringer bridges
compromise 70 percent of all spans (by length) on the state highway system. Continuous stringer
bridges compromise only 25 percent of the bridges on the system.

Flat plate bridges and truss bridges comprise only 5 percent of the bridges on the state
highway system. To a large extent, flat plate bridges carry loads through the same mechanisms
as stringer bridges, but their strength is distributed across the width of the structure rather than
being focused at a few locations in a few beams. Truss bridges carry loads through axial forces
in their members. Only 3 percent of all bridges in the state inventory are truss structures.

With respect to materials, bridges in Montana are constructed with prestressed concrete,
concrete, steel, and wood. The most common bridge on the system is the simply supported,
prestressed concrete stringer bridge. These bridges comprise 46 percent of all the bridges on the
system (based on length), and they represent even higher proportions of the bridges on the
interstate system (65 percent). Prestressed concrete bridges reportedly offer better long-term
performance compared to other bridge systems (Dunker and Raubat, undated), and most new and
replacement bridges are being constructed using this material (Murphy, 1995). Standard
prestressed bridge designs have been developed by MDT based on span length and roadway
width. Continuous steel stringer bridges are the second most common bridge on the system,
comprising 24 percent of all bridges (by length). Timber bridges comprise a significant part of

the inventory (11 percent). Most of the timber bridges are on the primary and secondary systems.



Table 2.2.2-1 Characteristics of Bridges on the State Highway System (MDT, 1994)

No. of Average % (by length)
Structural System Spans Length (ft) of all spans
Stringer
Simply supported
Prestress 3005 59 46
Steel 571 56 8
Wood 2152 20 11
Concrete 437 42 5
Continuous
Prestress 3 103 0
Steel 886 104 24
Concrete 160 22 1
Total 7214 51 95
Flat Plate
Simply supported
Concrete 79 20 0
Continuous
Concrete 442 20 2
Total 521 20 2
Truss
Steel 85 130 3
Total 85 130 3
Total 7820 50 100

All the bridges on the interstate and primary systems have overall structural ratings of at
least good, as this rating is calculated for the National Bridge Inventory System (FHWA, 1988).
These good conditions may reflect in part the relative young age of many of the bridges, the
relatively light traffic they experience, and the favorable environmental conditions (relatively low

relative humidity and only modest use of de-icers) in Montana. Average age and daily traffic on
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the bridges on each system are summarized in Table 2.2.2-2. The average age of all the bridges
in the Inventory is 37 years (Meyer, 1996).

The Inventory load rating on every bridge on the interstate system is at least HS20-44
(MDT 1994), the current standard vehicle used by most states for bridge design. The HS20-44
design vehicle is a three axle tractor, semi-trailer with a gross weight of 72,000 pounds and an
over-all wheel base of 28 to 44 feet (AASHTO, 1990). This vehicle is not intended to represent
any specific vehicle that operates on the highway system. The HS20-44 vehicle was developed
as a bridge design tool in 1944 to provide a single vehicle to be used in the design process that
analytically generates the maximum stresses caused in bridges by a collection of actual truck
configurations (Ritter, 1990; Tonias, 1995). The HS20-44 design loading also includes a
uniformly distributed lane load developed to model a train of trucks crossing a bridge. The
Inventory load rating on approximately 60 percent of the bridges on the primary system is H15 or
lower. The H15 design vehicle is a two axle truck with a gross weight of 30,000 pounds and a
wheel base of 14 feet (AASHTO, 1990). This design vehicle generally places lower demands on
bridges than the HS20-44 vehicle, and it is used on secondary and local roads when a lesser
loading may be appropriate (Ritter, 1990). Eighty percent of the bridges on the primary system
with a load rating of H15 or less are short span timber structures. Most of the bridges on the
secondary system have Inventory load ratings of H15 or less (66 percent). The majority of these
bridges are short span timber structures, as was observed for the primary system.

In almost all cases, the reported Inventory load ratings for bridges across all systems
appear to be the vehicles used for the bridge designs (e.g., HS20-44, H15, etc.). Specific load
ratings were not done to obtain the majority of these values (Murphy, 1996).

Table 2.2.2-2 Average Age and Daily Traffic on State Highway Bridges by System (based
on information provided by Meyer, 1996)

System Number of bridges Average age (yrs) Average daily traffic
Interstate 843 25 5582
Primary 1193 42 1922
Secondary 556 36 700?

Urban 66 35 10429

® high uncertainty on exact value, order of magnitude reasonable




2.3 TRAFFIC

2.3.1 Vehicle Configurations - Vehicle configurations in Montana are controlled by legal limits
that include requirements on load per inch of tire width, maximum axle group weights,
maximum gross vehicle weights, maximum vehicle lengths, and maximum vehicle widths
(MCA, 1995). Various truck configurations that have evolved under these limits are shown in
Figure 2.3.1-1. While vehicle size and weight limits in Montana are generally consistent with
regulations around the country, some features of Montana’s laws are specific to the western

United States and more particularly to the state of Montana. Specific regulations of interest

include:
1) maximum gross vehicle weights are determined by the Federal Bridge Formula B,
2) long combination vehicles (LCVs) are allowed to operate, and
3) triple trailers are allowed to operate on the interstate system.

With regard to maximum gross vehicle weights, Montana has elected not to adopt the 80,000
pound maximum gross vehicle weight endorsed by the federal government, but rather to control
demands placed on bridges using Federal Bridge Formula B. This formula gives the allowable
weight on any group of two or more axles in terms of the number and spacing of the axles,

W =500 [LN/(N-1) + 12N + 36]
where,

W = allowable weight on the collection of axles under consideration

L = length between extreme axles in collection of axles under consideration

N = number of axles under consideration
Within the constraints of the Bridge Formula B and maximum axle weights, Montana allows
double trailer units up to 100 feet long to operate on the state’s highways with a special permit.
Double trailer units up to 75 feet long can operate without a permit. A popular double trailer
vehicle configuration, referred to as the Rocky Mountain double, has either 7 or 8 axles and can
operate at gross vehicle weights up to 113,000 and 117,000 pounds, respectively. These
vehicles often run with two trailers with lengths of 45 and 28 feet. Typical legal limits on
various vehicle configurations are presented in Table 2.3.1-1. Axle loads in Montana are limited
to 20,000, 34,000, and 42,500 on singles, tandems, and tridems, with tridems controlled by the
Bridge Formula. Loads on axles with single tires (except the steering axle) are limited to 500
pounds per inch of width (MCA, 1995). '
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Table 2.3.1-1 Maximum Gross Vehicle Weights, Widths, and Lengths,
Without a Permit, Current Montana Limits, Compiled from
_Montana Code Annotated (MCA, 1995)

Configuration GVW (kips) Length?® (ft) Width (ft)
Single Units
2SU 36.0 45 8.5
3SU 50.0 45 8.5
4SU 58.0 45 8.5
Truck and Full Trailers
2-1 56.0 75 8.5
2-2 70.0 75 8.5
3-2 84.0 75 8.5
3-3 92.0 75 8.5
3-4 103.8 75 8.5
Tractor, Semi-trailers
2S1 52.0 75 8.5
282 66.0 75 8.5
3S2 80.0 75 8.5
3S3 88.0 75 8.5
3 Unit Combinations
5 AX A Train, 2S1-2 92.0 75 8.5
6 AX A Train, 2S2-2 106.0 75 8.5
7 AX A Train, 3S2-2 112.5 75 8.5
8 AX A Train, 3S2-3 117.4 75 8.5
9 AX A Train, 3S3-3 122.6 75 8.5

* large combination vehicles can operate up to 95 feet long with a permit




2.3.2 Existing Traffic Distributions by Vehicle Configuration and Weight - Information on the
specific vehicle configurations operating around the state is collected by the Data

Collection/Analysis Section of MDT. This information consists of visual classification counts,
automatic vehicle classification counts, and weight and classification data collected at static
weigh stations. These data collection activities are focused on the interstate and primary
systems, where much of the vehicle activity in the state is focused. With regard to determining
the composition of the traffic stream, reliance was placed upon the data collected from the
automatic vehicle classifiers. Classifications from machine counts are insensitive to any
temporal variations in the composition of the traffic stream, as this information is collected
continuously, 24 hours per day, 365 days per year. Currently, however, automatic classifiers in
Montana are configured to sort recognizable vehicles into the 13 vehicle categories established
by the Federal Highway Administration. For the purposes of this study, a more refined picture of
the traffic stream was required, so this data was further disaggregated into the vehicle
configurations listed in Table 2.3.2-1. Refinement of the classifications was done by MDT using
information obtained from cross correlations between visual classification counts (performed
using the Montana vehicle configurations listed in Table 2.3.2-1) and machine counts (performed
using the FHWA vehicle categories).

Information on the composition of the traffic stream was provided by MDT for every mile
of interstate and primary highway in the state. A typical record of this information from a
segment of interstate highway is presented in Table 2.3.2-1. All routes were parsed into
segments within which the composition of the traffic stream was expected to remain constant.
The composition of this traffic stream was then established using data available from any
automatic classifiers (and/or visual classification counts) in that area. Classification data
collected from a single year, 1994, was used for this purpose. MDT was confident of the
completeness and quality of the data collected in 1994; some concerns were expressed by MDT
over the accuracy of the information available from previous years (Hult, 1995). While using
only the 1994 data eliminated the problem of distorting the study results by using inaccurate data,
it introduced the problem of skewing the study results due to any irregularities in vehicle
operations specific to 1994. A qualitative review of the data found no major anomalies in traffic

patterns for 1994 compared to other years.



Table 2.3.2-1

Typical Composition of the Traffic Stream on an Interstate in Montana

Route # 1-90

Length 31.3 miles

Segment MP 154, Drummond to Deer Lodge

AADT 6666
Vehicle Configuration % of Traffic Stream No of Vehicles
FHWA Class Montana Designation Montana Designation
FHWA Montana (AADT)
1 Motorcycle 0.1 0.1 9
2 Pass. Car 57.6 57.6 3842
3 PICKUP 19.7 19.7 1314
2A-4T RV 0 0
2A-4T SU 0 0
4 SCHOOL BUSES 0.8 0.8 53
2A-COM. BUSES 0 0
3A-COM. BUSES 0
5 2A-6T RV 1.5
2A-6T SU 1.5 99
6 3A-RV 0.8 0 0
3A-SU 0.8 53
7 4A-RV 0.1 0 0
4A-SU 0.1 6
8 2-13A-TR 1.6 0.1 3
2-2 4A-TR 1.1 72
2S13A-TR 0.2 15
2S2 4A-ST 0.2 15
9 3S2 5A-ST 11.9 11.6 776
3-2 5A-TR 0.3 20
10 3S3 6A-ST 29 1.9 127
354 7A-ST 0 0
4S4 8A-ST 0 0
3-3 6A-TR 1.0 67
3-4 7A-TR 0 0
3-5 8A-TR 0 0
3-6 9A-TR 0 0
4-6 10A-TR 0 0
11 2S1-2 5A-TU 0.2 0.2 13
12 3S1-2 6A-TU 0.2 0.2 13
2S2-2 6A-TU 0 0
13 3S2-2 7A-TU 25 1.4 97
3S2-3 8A-TU 1.1 70
3S2-4 9A-TU 0 0
3S1-2-1 7 A-MT 0 0
2S1-2-2 7 A-MT 0 0
3S1-2-2 8 A-MT 0 0




Information on vehicle operating weights by configuration was also obtained from MDT.
All of the data collected from 32 static weigh station sites around the state in 1994 were used.
The state has only recently begun to install weigh-in-motion (WIM) equipment, and no data is
presently available from this source. Static weights of all vehicles passing the weigh stations
over eight hour sampling periods are collected throughout the year. The time of the sampling
period is purposefully varied with respect to time of day (note that mostly daylight hours are
sampled), day of week, and day of month to capture all temporal variations in vehicle activity"
(Galt, 1996). Weights of 12,000 vehicles from this data collection program in 1994 were used in
this study. While temporal variations in vehicle operation may be adequately represented in this
sample, overweight vehicle operation is not, due to the manner in which the data was collected.
The decision was made to do this analysis without correcting the static weight data for
overweight vehicles believed to be in the traffic stream. The state of Montana has only limited
information on the percentage of overweight vehicles that operate on the highways.

The composition of the heavy vehicle traffic operating on Montana’s highways
(considering 3 axle single units and larger vehicles), as represented in the weigh station data set,
is presented in Figure 2.3.2-1. The overwhelming majority of the heavy vehicles using the
system are 3S2 units. These vehicles compromise over 60 percent of the heavy vehicles on the
system (out of the total of 66 percent of all 5 axle combinations). The second most frequent
vehicle class on the system is single trucks (20 percent) followed by 7 axle combinations (6
percent). Thus, these three vehicle categories account for 92 percent of the heavy vehicle traffic,
with the remaining 8 percent split primarily between 3S3s and 5, 6, and 8 axle combinations.

A histogram of the vehicle weights measured for the most common truck configuration
on the system, the 3S2, is presented in Figure 2.3.2-2. Average empty and average operating
weights were determined for all heavy vehicle configurations using data of this type (see Table
2.3.2-2). Operating weights for a few vehicle types were very different on the interstate and
primary systems, and every effort was made to account for these differences as appropriate.

The volume of average daily truck traffic (1994 data) along the interstate system and
along a sampling of primary routes around the state are summarized in Table 2.3.2-3. These
values are for 3 axle single unit and larger vehicles. These values were obtained using the data

provided by MDT in the format presented in Table 2.3.2-1.
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Table 2.3.2-2 Average Empty Weight and Operating Weight of Vehicles on the State

Highway System
Average GVW Average Empty
Weights Weight from Weigh Average Pay Load,
Configuration From Weigh Station Station Data, kips
Data, kips kips
Single Unit
2SU 16.0 14.5 1.5
3SU 30.2 24.0 6.2
4SU 52.1 28.0 24.1
Truck and Trailer
2-1 19.5 13.5 6.0
2-2 23.2 14.5 8.7
3-2 69.0 31.0 38.0
3-3* 71.9 36.0 35.9
3-4* 71.9 36.0 35.9
Tractor, Semi-Trailer
2S1 28.1 23.5 4.6
282 32.3 25.5 6.8
3S2 63.4 32.0 31.4
3S3 68.8 35.0 33.8
3 Unit Combination
5 Ax A-train 64.5 35.0 29.5
6 Ax A-train 62.6 37.0 25.6
7 Ax A-train 78.7 38.0 40.7
8 Ax A-train 91.4 40.0 514
9 Ax A-train 86.0 42.0 44.0

% vehicles grouped as a single configuration in data




Table 2.3.2-3 Average Daily Truck Traffic (3 SU and larger

vehicles, 1994 data)

Route? Length Average Daily
(miles) Truck Traffic
I-15 396 561
I-90 546 1247
1-94 249 746
All Interstate 1191 916

P-1 666 213
P-2 95 82
P-4 58 269
P-5 186 483
P-7 95 469
P-10 112 183
P-14 271 79
P-16 48 203
P-22 89 98
P-23 140 131
P-24 140 247
P-29 90 140
P-32 66 64
P-37 104 230
P-42 76 35
P-44 28 70
P-45 44 111
P-57 328 196
P-59 57 88
P-61 157 84
P-66 50 51

Selected 2900 189

Primaries

Interstate 6643 320

and All

Primaries

2 route locations are shown on Figure 2.3.2-3
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3. NEW VEHICLE CONFIGURATIONS AND TRAFFIC STREAMS

3.1 GENERAL REMARKS

Three alternate vehicle size and weight regulatory situations were considered in this
investigation, namely, the adoption of full Canadian Interprovincial limits and the adoption of
two hybrid systems of limits that incorporate aspects of both the Canadian Interprovincial and
existing Montana limits (referred to as Canamex and Canamex Short limits). It was assumed that
these limits would be adopted at least on a regional scale, so that an operator’s choice of vehicle
configuration would not be significantly restricted by differences in size and weight limits in
adjacent states. For all three size and weight limit scenarios, the assumption was made that all
configurations currently allowed under Montana law would still be able to operate in the future,
and that additionally either the Canadian Interprovincial, Canamex, or Canamex Short vehicles
would also be allowed to operate. Note that in all cases, acceptable vehicle configurations had to
meet all the requirements of either the existing system or the alternate system under
consideration. Thus, for example, in considering the adoption of Canadian Interprovincial limits,
Canadian axle load limits were not universally and unconditionally extended across all U.S.
vehicle configurations. Vehicles loaded to full Canadian axle weight limits had to adhere to
Canadian axle configurations. This approach was followed under the presumption that the
configurations used for the heavy Canadian vehicles were specifically established based on
operational safety considerations, and that this level of safety might not be realized by Montana
configurations operating at these same axle weights.

For each of the three regulatory situations under consideration, two future scenarios were
investigated. These scenarios consisted of:

1) a short term vision of the future traffic stream, in which operators will take advantage of
any increased weight allowed on their existing equipment as well as perform modest
modifications of their existing equipment if a large weight gain is to be realized by such
modifications. The further assumption was made that negligible changes will occur in
choices of transportation modes for various purposes and commodities.

2) along term vision of the future traffic stream, in which operators will purchase new

equipment consistent with their needs and the new regulatory situation, and some changes
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will occur in choices of transportation modes for various purposes and commodities

(notably, freight will be diverted from rail to truck).

The process of predicting the composition of the new traffic streams consisted of assigning all of
the present freight carried on the highway system, plus any new freight diverted from other
modes (rail), to a vehicle fleet consisting of all the old configurations and the new Canadian,

Canamex, or Canamex Short configurations.

3.2 CANADIAN INTERPROVINCIAL AND CANAMEX LIMITS
3.2.1 Canadian Interprovincial Limits - The Canadian Interprovincial limits on truck weight and
* size generally allow:

1) higher axle weights for tandem and tridem axle groups than are presently

allowed in Montana, and

2) shorter and heavier combination vehicles than are presently allowed in Montana.
The Canadian regulations are specifically directed toward vehicles engaged in interprovincial
transport, which were assumed to consist of semi-trailers and other combinations (RTAC,
1987). The regulations were established based on results of an extensive research program,
with due consideration given to highway safety and transport economy (RTAC, 1987).

The Canadian Interprovincial limits include restrictions on weight by axle group type
and the spacing between axle groups. Minimum and maximum values are also specified for
the length of the components of combination vehicles and their overall length. The intent of
these restrictions is to insure a minimum level of safety with respect to vehicle operation based
on length, weight, and coupling mechanisms; to limit pavement damage by restricting axle
weight by group type; and to limit bridge damage by enforcing minimum spacings between
individual axles within groups and between axle groups in combination vehicles. Considered
collectively, the various regulations result in a narrow range of acceptable vehicle
configurations compared to current Montana practice.

Montana has attempted to achieve the same objectives regarding pavement and bridge

damage as the Canadian system by implementing broad rules that allow wide latitude to
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commercial vehicle operators in meeting their transportation needs. Thus, rather than dictating
specific axle group spacings, for example, Montana simply requires that whatever spacings are
selected must meet the Bridge Formula. One consequence of the system used in Montana is that
determining if a vehicle is legal may be more difficult than under the prescriptive Canadian
system. Another consequence of Montana’s approach to size and weight limits is that very
specific vehicle configurations (notably for larger and heavier vehicles) that place acceptable
demands on the infrastructure may be excluded from use by the general formulas used to
establish legal vehicles. While the Canadian system overcomes some of these problems, it limits
the options available to the vehicle operator in meeting varied transportation needs. Under
Montana’s purposefully broad system, however, configurations can evolve that meet the letter of
the law, but that violate the intent of the law to protect the highway infrastructure.
Configurations are closely enough specified in the Canadian system to generally preclude this
possibility. Thus, advantages and disadvantages are associated with both the system used in
Montana and that used in Canada (under the Interprovincial Limits). Note that Montana’s
regulations have apparently been driven by controlling demands on the highway infrastructure,
with little rigorous study of safety issues.

Canadian Interprovincial axle weight limits, summarized in Table 3.2.1-1, are up to 26
percent greater than the corresponding Montana axle load limits. The Canadian system explicitly
enforces a single steering axle weight limit of 12,100 pounds; Montana does not have a weight
limit explicitly for steering axles, although the limit set by tire manufacturers generally restricts

the weight of such axles to around 14,000 pounds (Galt, 1996).

Table 3.2.1-1 Maximum Axle Weights, Canadian Interprovincial Limits vs.
Current Montana Limits
Canadian Ratio
Axle Type Interprovincial Limit* Montana limit Canadian/Montana
Steering 12.1 None® -
Single 20.1 20.0 1.005
Tandem 37.5 34.0 1.103
Tridem 52.9 42.5° 1.260

® based on information from Alberta Motor Transport Services, 1992

®limited to approximately 14,000 pounds by manufacturer’s rated capacity
¢ limited by bridge formula




Typical Canadian Interprovincial weight and size limits by vehicle type are presented in
Figure 3.2.1-1. The maximum allowable gross weight of a vehicle is generally calculated by
simply adding up the maximum allowable weights 6f the axle groups of which it is comprised.
The maximum gross vehicle weights (and other characteristics) of specific double trailer
configurations (A-, B-, and C-trains) are restricted to a lower value than would be obtained using
the above mentioned procedure, due to vehicle handling and safety considerations. Note that A-,
B-, and C-trains are equipped with different coupling mechanisms between the trailer units, as
shown in Figure 3.2.1-2. Typical allowable gross vehicle weights under existing Montana
limits and under the Canadian Interprovincial limits are compared in Table 3.2.1-2. The
maximum gross vehicle weights under Canadian Interprovincial limits are generally higher
than under Montana limits (as determined by Bridge Formula B), with the greatest absolute
differences in allowable weights occurring for the largest trucks. Weight increases of
significance include a 9 percent increase for a 3S2, a 16 percent increase for a 3S3, and a 17
percent increase for an 8 axle B-train compared to an existing 8 axle A-train.

Length restriction comparisons between Montana and Canadian Interprovincial limits
are difficult to formulate, in that the regulations in the two countries are based on differing
philosophies, as previously discussed. The maximum length of combination vehicles under the
Canadian Interprovincial limits is 82 feet. In Montana, combinations such as the Rocky
Mountain double can operate at up to 95 feet with a permit (75 feet, without a permit). The
maximum vehicle width under both Montana and Canadian Interprovincial limits is 8.5 feet.
Length and width restrictions do influence pavement and bridge demand levels, in addition to
geometric layout requirements. |

Comparisons of weight and volumetric capacity of typical vehicles under the present
and the Canadian Interprovincial systems are presented in Table 3.2.1-3. A general
comparison of “equivalent” vehicles under the two systems, the Rocky Mountain double and
the Canadian C-train, is presented in Figure 3.2.1-3 (long configuration of each is shown).
Canadian Interprovincial Limits generally offer the opportunity to haul more weight on large
vehicles in a single trip than Montana limits, but the Canadian limits can restrict volumetric
capacity compared to Montana limits.

Complete Canadian Interprovincial Limits on truck size and weight for single units,

single units with trailers, and combination units are presented in Appendix A.
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a) A-train dolly b) B-train solid carriage c) C-train dolly
(stabilized A-dolly)

Figure 3.2.1-2 Canadian Coupling Mechanisms for Combination Vehicles (adapted from RTAC, 1987)



Table 3.2.1-2 Typical Maximum Gross Vehicle Weights, Canadian Interprovincial,
Canamex, and Canamex Short Vehicles vs. Current Montana Vehicles

Configuration Maximum Gross Vehicle Weights Under Various Systems (kips)
Type Canadian Canamex
Montana Interprovincial Canamex Short
Single Unit
2SU 36.0 36.2 - 36.0
3SU 50.0 53.6 -2 50.0
4SU 58.0 - -2 58.0
Truck and Trailer
2-1 56.0 452 - 56.0
2-2 70.0 76.3 -2 76.0
3-2 84.0 93.7 - 90.0
3-3 92.0 111.1 - 104.0
3-4 103.8 118.0 - 118.0
Tractor, Semi-Trailer
2S1 52.0 52.2 - 52.0
2S2 66.0 69.7 - 66.0
382 80.0 87.1 -2 80.0
3S3 88.0 102.5 - 88.0
3 Unit Combination®
5 Ax A-train 92.0 87.5° 92.0 87.3°
6 Ax A-train 106.0 104.9° 106.0 101.3°
7 Ax A-train 112.5 118.0° 118.0 115.3°
8 Ax A-train 117.4 118.0° 118.0 115.3°
9 Ax A-train 122.6 -2 - -2
5 Ax B-train 86.0 89.7 -2 86.0
6 Ax B-train 100.0 107.1 -2 100.0
7 Ax B-train 104.9 124.6 - 108.0
8 Ax B-train 111.0 137.8 - 122.0
5 Ax C-train 92.0 934 92.0 92.0
6 Ax C-train 100.2 109.8 106.0 106.0
7 Ax C-train 104.9 127.2 120.0 120.0
8 Ax C-train 111.0 133.4¢ 128.0 126.3°

% not part of system

® A-train back trailer limited to 35.3 kips

¢ C-train back trailer limited to 46.3 kips

4 C-train under existing limits calculated using vehicle with Canadian Interprovincial geometrics
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Table 3.2.1-3

Comparison of Weights and Volumetric Capacities, Montana and
“Canadian Interprovincial Limits

Montana Limits Canadian Limits Canadian/Montana

GVW Length GVW Length GVW Volume

(Ibs) (ft) (Ibs) (ft) Ratio Ratio

Tractor, Semi-trailer
281 52000 75 52200 82 1.00 1.00
282 66000 75 69700 82 1.06 1.00
3S2 80000 75 87100 82 1.09 1.00
3S3 88000 75 102500 82 1.16 1.00
3 Unit Combination

5 Ax A-train 92000 95 87500 82 0.95 0.72
6 Ax A-train 106000 95 104900 82 0.99 0.72
7 Ax A-train 112500 95 118000 82 1.05 0.72
8 Ax A-train 117400 95 118000 82 1.01 0.72
9 Ax A-train 122600 95 - -2 -2 -2
5 Ax B-train 86000 95 89700 82 1.04 0.80
6 Ax B-train 100000 95 107100 82 1.07 0.80
7 Ax B-train 104900 95 124600 82 1.19 0.80
8 Ax B-train 111000 95 137800 82 1.24 0.80
5 Ax C-train 92000 95 93400 82 1.02 0.80
6 Ax C-train 100200 95 109800 82 1.10 0.80
7 Ax C-train 104900 95 127200 82 1.21 0.80
8 Ax C-train 111000 95 133400 82 1.20 0.80

® Canadian Interprovincial Limits do not address a 9 Axle Double
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3.2.2 Canamex Limits - The Canamex size and weight limits specifically address 5, 6, 7 and 8
axle combination units (Alberta Transport and Utilities, 1994). These limits generally permit

1) nominally longer combination units than are presently allowed to operate in

Montana (under permit), and ‘

2) heavier 7 and 8 axle combination units than are presently allowed in Montana.
Canamex vehicles, which geometrically resemble existing Montana combination vehicles, are
required to adhere to current Montana axle weight limits, but they are allowed to operate at
Canadian Interprovincial gross vehicle weights. At such weights, these vehicles violate Bridge
Formula B. A general comparison of an 8 axle Canamex C-train and an 8 axle Rocky Mountain
double is presented in Figure 3.2.1-3. The maximum Canamex vehicle length is 98.5 feet
compared to the current length of 95 feet allowed in Montana (with a permit). The gross weight
limits for 5 and 6 axle combination vehicles under Canamex are identical to the existing weight
limits for 5 and 6 axle combinations (see Table 3.2.1-2). Seven and 8 axle C-trains, however,
can carry 7 to 9 percent more weight than the corresponding Montana A-trains.

The Canamex limits are presented in a format similar to that of the Canadian
Interprovincial limits. Weight limits are determined based on axle group type, axle group length,
and spacings between axle groups. Minimum and maximum values are specified for (a) the
lengths of various components of the vehicle and (b) its overall length. A complete description
of the Canamex size and weight limits is presented in Appendix A.

The recent TRB study of truck size and weight (TRB, 1990a), found that vehicles
operating at Canadian Interprovincial Limits place high demands on the infrastructure in the
United States, as previously mentioned. The Canamex vehicles, with lower axle loads, lower
gross vehicle weights, and longer wheelbases than the Canadian Interprovincial vehicles, may
offer a compromise that allows some of the economic and safety benefits of the Canadian system

to be realized without placing such high demands on the highway infrastructure.

3.2.3 Canamex Short Limits - The Canamex Short vehicle size and weight scenario is similar to
the Canamex scenario, in that while vehicles are required to adhere to Montana axle weight

limits, they are allowed to operate up to Canadian Interprovincial gross vehicle weights. In the
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Canamex Short scenario, however, operators taking advantage of the increased gross vehicle
weights must satisfy the geometrics of the Canadian Interprovincial limits. Thus, the Canamex
Short scenario generally allows shorter and heavier combination vehicles to operate on the
highway than are presently permitted in Montana. The particular vehicles of interest in the
Canamex Short scenario are C-trains. Following Canamex Short limits, these vehicles can
operate at gross weights up to 8 percent higher than are presently permitted in Montana on a
similar A-train (see Table 3.2.1-2). An 8 axle Canamex Short C-train is shown in Figure 3.2.1-3.
Similar to the Canamex vehicles, the Canamex Short vehicles have lower allowable axle
weights and gross vehicle weights than the Canadian Interprovincial vehicles, and therefore they
were expected to place lower demands on the highway infrastructure than the Canadian
Interprovincial vehicles. Canamex and Canamex Short vehicles were expected to have similar
impacts on the highway infrastructure, in that the two systems enforce the same axle weight
limits and similar maximum gross vehicle weights. The Canamex Short vehicles are, however,
significantly shorter than the Canamex vehicles (maximum lengths of 82 and 98 % feet,
respectively). This length difference was expected to result in some differences in the bridge

impacts for the two scenarios.

3.3 GENERATION OF NEW TRAFFIC STREAMS

3.3.1 General Remarks - If the Canadian Interprovincial limits or either of the Canamex limits
described above are adopted in Montana, a gradual change will occur in the composition of the
traffic stream and the characteristics of the vehicle fleet. Shifts are expected to occur in both the
total load carried by particular vehicle configurations as well as in the relative populations of
each vehicle. The total amount of goods carried by truck may also increase to some degree, as
some shipments are shifted from rail to truck transport (TRB, 1990a). In developing new traffic
streams for the various scenarios described above, the decision was made to allow all weight
limited carriers the option of switching to vehicle configurations that allow higher payloads.
This approach is consistent with assuming that interstate carriers that operate in Montana would

not be restricted in their choice of operating weights, volumes, and vehicles by more restrictive
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laws in other states or provinces. Thus, adoption of the new limits was assumed to occur at least
at a regional (multi-state) level. This approach should affect the greatest change in the predicted
traffic streams under each scenario compared to the present situation.

The process of predicting the composition of the new traffic streams consisted of
assigning all of the present freight carried on the highway system, plus any new freight diverted
from other modes (rail), to a vehicle fleet consisting of all the old configurations and the new
Canadian, Canamex, or Canamex Short configurations. Diversion of freight from existing
configurations and its assignment to new configurations was decided after review of the factors
that affect an operator’s decision to convert to a different vehicle or operating at a heavier
weight; the present distribution of vehicles in the traffic stream and the distribution by weight of
vehicles within each configuration; the diversions used in the TRB truck size and weight study
(TRB, 1990a); and changes that occurred in the composition of the vehicle fleet in Canada after

the adoption of Interprovincial limits.

3.3.2 Diversions Between Vehicles - The assumption was made in this study that only weight
limited vehicles would consider shifting to new configurations and operating weights if Canadian
Interprovincial, Canamex, or Canamex Short limits on truck size and weight were adopted.
Weight limited vehicles are vehicles which have space for additional cargo when loaded at their
maximum gross vehicle weight. Thus, while such vehicles have space for additional cargo, they
are prohibited from carrying it. The new configurations offer advantages in such situations over
existing vehicles through their increased weight limit. Note that the Canadian Interprovincial
- and Canamex Short configurations offer little advantage to volumetrically limited vehicles (see
Table 3.2.1-3). Volumetrically, the Canadian Interprovincial and Canamex Short configurations
generally provide the same capacity as existing vehicles (the situation for tractor with semi-
trailer and smaller vehicles) or less capacity than existing configurations (the situation for multi-
trailer combinations).

Vehicles that appeared to be weight limited under current truck size and weight limits
were identified from vehicle weight data provided by MDT. The manner in which this data was

collected has been previously described. A typical distribution obtained from the data (in this
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case for 3S2) is presented in Figure 3.3.2-1. Those vehicles typically observed to be clustered
within 10 percent of the maximum allowable gross vehicle weight for a given configuration were
judged to possibly be weight limited. Naturally, some of these vehicles were both volume and
weight limited. RTAC implies that from 33 percent to 66 percent of weight limited vehicles are
also volume limited (TAC/CTRI, 1994). In this study, the number of vehicles assumed to be
volume and weight limited within each configuration was generally kept within this range. The
specific percentage assumed was established based on trends observed in the weight distribution
data. In the absence of any such trends, the percentage of both weight and volume limited
vehicles was set at 50 percent. The number of possibly weight limited trucks determined above
was reduced by this figure to obtain an estimate of the weight limited number of vehicles in each
configuration.

Naturally, not all weight limited vehicles in all configurations will change their mode of
operation (either by operating at a heavier weight and/or changing equipment) if new truck size
and weight limits are instituted. Many of the smaller and lighter vehicle configurations are
expected to be unaffected by the adoption of the Canadian Interprovincial limits or either of the
Canamex Limits. The philosophy followed in this regard was that operators of many of these
configurations would have already switched to existing larger configurations, if increased weight
capacity was important. Configurations judged to be in this category include: single units (2SU,
3SU, and 4SU); light tractor, semi-trailers (2S1 and 2S2); light truck and trailers (2-1 and 2-2);
and light combination vehicles (2S1-2, 2S2-2). Furthermore, the reduction in volumetric
capacity of some Canadian configurations relative to comparable Montana configurations will
make them less attractive to some weight limited operators.

Presuming that some attractive alternate configurations were available for a particular
existing vehicle, the decision was made to move the freight carried by all weight limited vehicles
of that kind (as identified above) to the alternate configuration(s). This action was generally
accomplished by moving 33 to 66 percent of the total freight carried on vehicles within 10
percent of the current maximum gross vehicle weight to alternate configurations. Alternate
configurations were broadly defined to be either the same vehicle operating at heavier weights or

an entirely different configuration (generally, one of the new, heavier vehicles). In reality, the
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Figure 3.3.2-1 Weight Distribution and Freight Diversion, 3S2 Vehicles

availability of proper shipping/receiving facilities, cost of new equipment, maneuverability
requirements, type of haul, etc. will influence decisions of this kind, and some weight limited

operators will choose to continue to use their existing configurations.

3.3.3 Rail Diversion - Diversion of freight from rail to truck reportedly can be significantly
influenced by changes in truck transport costs, which are in turn directly affected by changes in
truck size and weight limits (TRB, 1990a). In general, increases in truck size and weight are
expected to result in some diversion of freight from rail to truck (TRB, 1990a). Of the various
scenarios studied by TRB in their truck size and weight study (TRB, 1990a), the highest
diversion of freight from rail to truck was estimated for the adoption of Canadian Interprovincial
Limits. TRB estimated that if Canadian Interprovincial Limits are adopted the freight diverted
from rail to truck would increase the ton-mile freight movements on the highway system by

approximately 3 3/4 percent. This percentage increase in freight hauled by truck was used in this
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study in creating new vehicle weight distributions. Intermodal freight diversion is affected by
many parameters and can vary substantially between regions. Therefore, this figure may merit
further refinement in future work. The freight diverted off of rail was assumed to move to B-
trains (Canadian Interprovincial scenario) and C-trains (both Canamex scenarios). The same
amount of freight was assumed to be diverted under both Canamex options as under the
Canadian Interprovincial option, although the lower weight allowed on Canamex vehicles versus

Canadian Interprovincial vehicles might result in less diversion of freight from rail to truck.

3.3.4 Implementation - The diversion factors established above, and the expected operating
characteristics of each vehicle as determined from the new weight distributions, were used to
generate new traffic streams at any location of interest from knowledge of the composition of the
existing traffic stream at that location. The composition of the current traffic stream on every
segment of the interstate and primary system was obtained from the vehicle classification data
provided by MDT, as discussed in Section 2.2.2. On any given section of highway, the freight
hauled by each vehicle configuration was calculated by multiplying the number of vehicles from
the classification by the average payload for the vehicle. This amount of freight was then
reassigned to the vehicle configurations in the new traffic stream following the methodology
described in Section 3.3.2. Additional freight was assigned to each new vehicle configuration as
necessary to accommodate any freight being diverted to the configuration from rail. The number
of vehicles required in the new traffic streams to carry this freight was calculated by dividing the
total freight assigned to the vehicle configuration by the new average payload for the vehicle.
Average payload for each vehicle and traffic scenario were calculated as the average operating
weight of the vehicle minus the average empty weight of the vehicle. Average operating weights
were calculated for each configuration under each scenario using the weight/frequency

distributions derived above.

3.4 NEW TRAFFIC STREAMS
3.4.1 General Remarks - In all cases, new weight distributions were created for all configurations
following the broad philosophies on vehicle-to-vehicle and rail-to-vehicle freight diversions

discussed above. Specific selections of vehicles to both lose and receive freight were made
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based on the specific scenario under consideration. Attention generally focused on the treatment
of the 3S2 configuration, in that this configuration presently accounts for 60 percent of the heavy
vehicles on the system. New weight distributions were generated for each configuration after the
diversions discussed above were completed. The shape of the new weight distributions were
established to match, as appropriate, various aspects of the shapes of existing distributions, and
the magnitudes were established based on the weight of freight to be carried. The new weight
distributions were used to calculate average operating weights and average payloads for each type
of vehicle under each scenario. These new operating characteristics were then used in
conjunction with the freight diversion factors to determine the composition of a new traffic
stream from the vehicles and freight carried by the old stream.

The specific scenarios considered in this study consisted of short and long term
predictions of the traffic stream if Canadian Interprovincial, Canamex, or Canamex Short limits
(total of 6 scenarios) were adopted. In the short term, it was generally assumed that only simple
and inexpensive changes would occur in commercial vehicle operations; in the long term, that

major equipment investments would be made as well as decisions on shifting freight to/from rail.

3.4.2 Canadian Interprovincial Limits, Short and Long Term Changes - The first Canadian
Interprovincial scenario considered short term (1 to 3 years) changes in the characteristics of the
vehicle fleet if full Canadian Interprovincial limits were to be adopted. The TRB study on truck
size and weight (TRB, 1990a) indicated that equipment changes will be substantially
accomplished within 3 years of the change in weight regulations. Decisions on what will happen
to each configuration (existing and new) under this scenario are summarized in Table 3.4.2-1.
The composition of the heavy vehicle traffic for this scenario is summarized in Figure 3.4.2-1.
Over the short term, operators were assumed to move to take advantage of increased weights
allowed on existing configurations, but not to significantly invest in new equipment. Thus, for
example, weight limited operators of 3S2 vehicles were assumed to shift to operating “Canadian”
3S2 vehicles at weights approaching the Canadian 88,000 pound limit. Distributions of both
present and estimated future weights for 3S2 vehicles are shown in Figure 3.4.2-2. It was also

assumed that operators of long combinations (e.g., 3S2-2, 3S2-3) would use two short trailers

and adapt their dolly configurations to operate as Canadian C-Trains (increasing their
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Table 3.4.2-1 Summary of Vehicle Diversion Decisions, Canadian Interprovincial Limits

Configuration Short Term Long Term
Type % Freight. Comments % Freight Comments
Diverted® Diverted®

SINGLE UNIT

28U, 3SU 0 Assumed that they would have already 0 Assumed that they would have already
switched to 4SU if needed extra capacity switched to 4SU if needed extra capacity

4SU 0 Canada has no 4SU to divert to 0 Canada has no 4SU to divert to

TRUCK AND TRAILER

2-2 0 Assumed that they would have already 0 Assumed that they would have already
switched to 3-2 if needed extra capacity switched to 3-2 if needed extra capacity

3-2 35 Would use same configuration at higher 35 Would use same configuration at higher
Canadian weights Canadian weights

3-4 40 Would use same configuration at higher 40 Would use same configuration at higher
Canadian weights Canadian weights

4-4 0 Canada has no 4-4 to divert to in the 90 Would divert to Canadian 3-4 for higher
short term capacities and lower operating costs

3-5, 3-6, 2-1 mixed |Very few vehicles operating, will divert mixed |Very few vehicles operating, will divert

3-3,4-2,4-3 like similar configurations like similar configurations

TRACTOR SEMI TRAILER

282 0 Assumed that they would have already 0 Assumed that they would have already
switched to 3S2 if needed extra capacity switched to 3S2 if needed extra capacity

382 35 35 % same configuration at higher 50 15 % same configuration at higher weight,
weight 25 % to 3S3, 10 % to 8 AX B-train

3S3 50 50 % same configuration at higher 50 50 % same configuration at higher weight,
Canadian weights will receive freight from 352

454 0 No Canadian 454 vehicle to divert to 100 Would divert all to Canadian 3S3 for

higher capacities and lower operating costs

453,482,251, mixed |Very few vehicles operating, will divert mixed |Very few vehicles operating, will divert

2S84, 283,381 like similar configurations like similar configurations

3 UNIT COMBINATION

5,6 AXAT 0 Assumed that they would have already 0 Assumed that they would have already
switched to 7AX A T if needed extra switched to 7AX A-train if needed extra
capacity capacity

TAXAT 40 Would divert to 7 AX C-train 40 Would divert to 8 AX B-train

8AXAT 45 Would divert to 8 AX C-train 45 Would divert to 8 AX B-train

9AXAT No Canadian 9 axle vehicle to divert to 35 Would divert to 8 AX B-train

8AXBT Current 8 AX B T will operate at - Will receive freight from 7,8,9 AX AT
Canadian Limits

7.8 AXCT - Will receive freight from 7,8 AX AT No advantage over other configurations

5,6,7AXBT 0 No advantage over other configurations No advantage over other configurations

56 AXCT

* percentage of total freight carried by the configuration diverted to a different configuration
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allowable gross vehicle weights, for example, from 113,000 to up to 127,000 pounds on a 7 axle
vehicle). Distributions of both present and estimated future weights of 7 axle combination
vehicles (352-2) are shown in Figure 3.4.2-3. The peak in the future distribution terminating at
113,000 pounds is associated with volumetrically and weight limited operators that continue to
use Montana 7 axle configurations; the next peak at 127,000 pounds, to weight limited operators
that switched to 7 axle Canadian C-trains.

The second Canadian scenario considered changes in the traffic stream over the long term
(over 3 years) if full Canadian Interprovincial Limits were adopted. Decisions on what will
happen to each configuration (existing and new) under this scenario are summarized in Table
3.4.2-1. The resulting composition of the heavy vehicle traffic by major configuration is shown
in Figure 3.4.2-4. Under this scenario it was assumed that operators would invest in new
equipment to take advantage of the increased weights allowed on 3S3 and larger vehicles under
the Canadian system. Weight limited operators were specifically assumed to move away from
the 3S2 configuration in favor of the 3S3, and to also move away from 7 and 8 axle A- and C-
trains in favor of the B-train. Some freight was also shifted from the 3S2 configuration to the B-
train in response to the large increase in payload offered by the B-train compared to other
existing configurations. Thus, the percentage of 3S2 vehicles decreased substantially from being
66 to being 44 percent of the heavy vehicle traffic. The percentage of 3S3 and B-trains in the
traffic stream increased dramatically. The 3S3 configuration increased from being 4 percent of
the heavy vehicle traffic to being 14 percent of this traffic. The weight distribution for 3S2 and
3S3 vehicles under present conditions and for this new scenario are shown in Figures 3.4.2-5 and
3.4.2-6, respectively. The Canadian B train increased from being 0.5 percent to being 13 percent
of the heavy vehicle traffic, although approximately one-half of this increase was due to freight
previously carried on rail being diverted to B-trains. The total freight carried on the highway
system was increased by 3 3/4 percent to accommodate the expected diversion of freight from

rail to truck. This freight was assigned to Canadian 8 axle B-trains.
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3.4.3 Canamex Limits - The procedure used in estimating the future traffic stream if Canamex
limits are adopted was similar to that used for Canadian Interprovincial limits. Specific
diversions are summarized in Table 3.4.3-1. The "attractive" alternatives available to vehicle
operators are more limited under Canamex limits compared to Canadian Interprovincial limits.
Notably, gross weights of simple tractor, semi-trailer units are the same in Canamex as under
present Montana Limits. Configurations that do offer weight advantages under Canamex are the
large truck and trailer configurations, the 7 axle A- and C-train, and the 8 axle C-train.

In the short term Canamex scenario, freight was shifted from existing 7 and 8 axle A-
trains to heavier 7 axle A-trains, 7 axle C-trains, and 8 axle C-trains. The estimated composition
of the heavy vehicle fleet in the short term under the Canamex scenario is presented in Figure
3.4.3-1. The only significant change in the fleet is an increase in 8 axle A/C trains from being 2
to being 5 percent of truck traffic. The Canamex 7 and 8 axle combinations are volumetrically
larger than the corresponding Canadian Interprovincial combinations. Therefore, more freight
was shifted from lighter to heavier 7 and 8 axle combinations in the Canamex scenario compared
to the Canadian Interprovincial scenario. Ten percent of the freight carried on 3S2 vehicles was
also shifted to 8 axle C-trains. Geometrically, the vehicle lengths permitted under the Canamex
scenario provide 3S2 operators with the simple option of adding a short trailer with a stabilized
dolly to run an 8 axle C-train. The weight distributions for 7 axle (3S2-2) and 8 axle (3S2-3)
vehicles under existing and Canamex limits are presented in Figures 3.4.3-2 and 3.4.3-3,
respectively.

In the long term scenario, the same vehicle-to-vehicle freight diversions were performed
as in the short term scenario, with an increase of 3 3/4 percent in the total freight carried to
incorporate rail diversion effects. The diverted freight was assumed to be carried on 8 axle C-
trains. This diversion further increased the proportion of 8 axle A/C-trains in the truck fleet from

5 to 12 percent.

3.4.4 Canamex Short Limits - The approach used to predict the future traffic stream under
Canamex Short limits was similar in many respects to that used for Canamex limits. A summary

of the diversion decisions made for the Canamex Short limits are presented in Table



Table 3.4.3-1 Summary of Vehicle Diversion Decisions, Canamex Limits

Configuration Short Term Diversion Long Term Diversion
Type % Freight % Freight
Diverted® Comments Diverted® Comments
SINGLE UNIT
28U, 3SU 0 Unaffected by new configurations Unaffected by new configurations
4SU 0 Unaffected by new configurations 0 Unaffected by new configurations
TRUCK AND TRAILER
2-2 0 Unaffected by new configurations 0 Unaffected by new configurations
3-2 0 Unaffected by new configurations 0 Unaffected by new configurations
3-4 0 Unaffected by new configurations 0 Unaffected by new configurations
4-4 0 Unaffected by new configurations 0 Unaffected by new configurations
3-5, 3-6, 2-1 0 Unaffected by new configurations 0 Unaffected by new configurations
3-3,4-2,4-3
TRACTOR SEMI TRAILER
282 0 Unaffected by new configurations 0 Unaffected by new configurations
382 10 10% shift to 8 axle C-train 10 10% shift to 8 axle C-train
3S3 0 Unaffected by new configurations 0 Unaffected by new configurations
484 Unaffected by new configurations Unaffected by new configurations
483,482,281, Unaffected by new configurations Unaffected by new configurations
254, 283,381
3 UNIT COMBINATION
5,66 AXAT 0 No advantage over existing A- train, 0 No advantage over existing A-train,
Assumed that they would have already Assumed that they would have already
switched to 7AX A-train if needed extra switched to 7AX A-train if needed extra
capacity capacity
7AXAT S5 20% same configuration at heavier 55 xx% same configuration at heavier weight,
weight, 35% would divert to 7 AX C- xx% would divert to 7 AX C-train
train
8AXAT 50 50% would divert to 8 AX C-train 50 50% would divert to 8 AX C-train
9AXAT 0 Unaffected by new configurations Unaffected by new configurations
8AXBT Unaffected by new configurations Unaffected by new configurations
7.8 AXCT Will receive freight from 7,8 AX A-train Will receive freight from 7,8 AX A-train
5,6,7AXBT No advantage over other configurations No advantage over other configurations
56 AXCT
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