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Executive Summary

This study investigated the impacts on Montana’s economy of changes in the allowable
gross weights of the vehicles that operate on the state’s highway system. Four scenarios were
considered with different maximum allowable gross vehicle weights (GVWSs). Three scenarios,
with maximum GVWs of 36,300; 39,900; and 47,900 kilograms (80,000; 88,000; and 105,500
Ibs), represented reductions in GVWs in Montana. The fourth scenario consisted of an increase
in allowable GVW to 58,100 kilograms (128,000 Ibs).

Work on the study began with the estimation of the vehicle fleets that would evolve under
each scenario, as users and providers of transportation services adjusted to the new GVW limits.
Based on these estimated changes in the vehicle fleet and traffic streams, attendant changes in the
demands on, and the performance of, the highway infrastructure were determined. Attention was
focused on pavements and bridges, as these elements of the infrastructure were believed to be
most sensitive to load related changes in vehicle demands. Only nominal changes in pavement
demands were calculated across all scenarios relative to the present situation. Increased demands
and costs were calculated for the 36,300; 39,900; and 58,100 kilogram (80,000; 88,000; and
128,000 Ib) scenarios. The maximum cost increase was calculated for the 36,300 kilogram
(80,000 1b) scenario, and it amounted to 1.2 percent (corresponding to 1.5 million dollars per
year). A nominal decrease in pavement costs of 0.5 percent (corresponding to 0.7 million dollars
per year) was determined for the 47,900 kilogram (105,500 1b) scenario. The bridge system was
found to offer an acceptable level of safety and serviceability under the 36,300 kilogram (80,000
Ib), 39,900 kilogram (88,000 Ib), 47,900 kilogram (105,500 Ib) and existing scenarios.
Assuming an HS20 standard, significant additional bridge costs, above and beyond those that
would be incurred under the existing weight limits, were found only for the 58,100 kilogram
(128,000 1b) scenario. Bridge costs under the 58,100 kilogram (128,000 1b) limit were estimated
to increase by 0.9 million dollars per year.

While the focus of the infrastructure investigation was on pavements and bridges,
consideration was also given to possible effects that changes in allowable GVW would have on
other aspects of system performance. In general, geometric and capacity requirements were
found to be only nominally different between scenarios. Only allowable GVW was changed
between scenarios, and gross weight is only one of several vehicle characteristics that drive
geometry and capacity issues. A wide range of vehicle types and configurations are able to
operate under all the scenarios considered. ‘A simple safety analysis found little change in the
number of fatalities and injuries expected across all scenarios.

The investigation subsequently focused on the economic impacts that would be
experienced above and beyond changes in direct infrastructure costs. These impacts were first
investigated by studying specific industries in the state. Case studies of the economic impact of
changes in allowable GVW were done on industries from the agriculture, forestry and wood
products, extractive industries, construction, and retail trade sectors of the economy. In general,
for each industry, costs increased for scenarios involving reductions in GVW limits and
decreased for the scenario involving an increase in GVW limits. Increased transportation costs
of 3 to 54 percent were predicted for the 36,300 kilogram (80,000 Ib) scenario, depending on the
industry considered. These changes in transportation cost ranged from 0.2 to 4.2 percent of the
value of the commodity produced. Typical reductions in transportation costs for the 58,100
kilogram (128,000 Ib) scenario were on the order of magnitude of 1 to 2 percent (with a
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maximum predicted cost reduction of 6 percent). Greatest effects on transportation costs were
predicted for industries that operated the heaviest trucks for most of their transportation activities
(e.g., milk, sugar beets, talc, wood chips, cement, motor fuel). The lowest cost increases were
predicted for industries that already extensively use trucks operating at or below 36,300
kilograms (80,000 Ibs) in their operations (e.g., cattle, logging). Changes in transportation costs
typically were at least an order of magnitude larger than changes in infrastructure costs.

Potential economic effects of these changes in transportation costs were expected to vary
based on the nature of the industry under study. Industries serving local markets (e.g., sand and
gravel, cement, retail food, retail fuel) were expected to raise their prices in response to increases
in transportation costs. Businesses serving such markets would all be affected equally, allowing
them to collectively increase their prices, and the magnitude of the required increases to cover
costs were not large enough to suggest dramatic reductions in product demand. This situation
would, none the less, result in a reduction in the disposable income of the consumers in the state.
Industries competing in regional and/or national marketplaces (e.g., wheat, cattle, sugar
beets/sugar, crude oil, talc, wood chips/liner board), would potentially have more difficulty
passing on any cost increases to their customers, as their competitors may not be faced with
similar increases in costs. Outcomes in this case could range from reductions in production to
terminating operations in Montana. Note that, while informative, these case studies considered
only direct impacts experienced by certain industries in the state under different GVW scenarios,
and they ignored indirect and induced impacts that might be experienced across all the industries
in the state.

A state wide economic model was used to obtain a broader indication than available
from the case studies of both the direct and indirect economic impacts that would result from
changes in maximum allowable GVW. An augmented input/output model developed by
Regional Economic Modeling, Inc. (Amherst, Massachusetts) was used for this purpose. The
effects of changes in GVW limits were introduced into the model based on changes in
transportation productivity predicted on an industry-by-industry basis for each scenario. In
general, reductions in the allowable gross weight of the vehicles operating on the state highway
system were found to produce negative impacts on the state’s economy, while an increase in
allowable gross weight was found to produce a nominal positive impact-on the state’s economy.
Under the 36,300 kilogram (80,000 Ib) GVW limit, gross state product (GSP) reached a level 0.4
percent below that expected under existing regulations (baseline case), which translated into a 50
million dollar reduction in GSP, for example, in the fifth year after the new limits were
introduced. Under a 58,100 kilogram (128,000 Ib) GVW limit, GSP reached a level consistently
0.08 percent above that expected under existing regulations, which translated into approximately
a 5 million dollar increase in GSP, for example, in the fifth year after the new limits were
introduced. Long term reductions in overall state income and employment of approximately 0.2
percent were observed under the 36,300 kilogram (80,000 Ib) scenario. A nominal increase in
these parameters of 0.04 percent was observed in the 58,100 kilogram (128,000 Ib) scenario.
Note that as might be expected, changes in the trucking sector were in the opposite direction of
other sectors’ effects.

It was found in the results from both the case studies and the statewide economic model
that in many instances the total economic impacts of changes in GVW limits exceeded the
associated changes in infrastructure costs by an order of magnitude. This result reinforces the
need to consider more than just infrastructure impacts in evaluating truck size and weight issues.
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1. INTRODUCTION

1.1 GENERAL REMARKS

The high visibility of trucks on the highways and the low visibility of the importance of
trucking to the overall economy leads to frequent calls for tighter regulation of truck weight
limits. Commonly perceived benefits of lower truck weights include reduced infrastructure
damage and improved highway safety. Whether these benefits will be realized by reducing the
allowable gross weight of trucks, however, is not as obvious as it may seem, in that in using
lighter trucks, more trips are required to move the same amount of freight as is presently hauled
on the highway system. While this effect would possibly be mitigated to some extent by shifts of
freight from truck to other modes of transportation, other modes are not expected to be viable
alternatives in all cases for a variety of reasons (e.g., basic availability, timeliness, etc.).
Furthermore, the demands vehicles place on the infrastructure and the safety of their operation is
related to several factors in addition to their gross weight. For these reasons, whether
improvements in infrastructure performance and safety will be realized under reduced gross
vehicle weights (GVWs) can only be determined through engineering analyses.

While discussions of truck weight policies generally focus on infrastructure and safety
issues, such policies can potentially have more far reaching impacts, notably on the economy.
The productivity of the freight transportation sector of the economy can change as more/less trips
are required to move freight or as different modes of transportation are used to move freight.
Changes in trucking costs (e.g., equipment and labor costs) as trip requirements change under
different size and weight limits have been shown to be significantly greater than associated
changes in infrastructure costs (e.g., Transportation Research Board (TRB), 1990a).
Additionally, any such changes in transportation productivity will directly result in attendant
changes in the productivity of the industries that use transportation services. Such effects will
further propagate to other sectors of the economy that provide services to, or rely on, the directly
affected sectors.

In Montana, where 62 percent of the value of products originating in state is moved by
truck (Bureau of Transportation Statistics (BTS), 1996) and an overwhelming majority of
intrastate freight movements are accomplished by truck, any changes in-trucking operations and
costs could have a significant effect on the state’s economy. In anticipation of future discussions
of policy changes regarding allowable gross weights of vehicles that operate on the state’s
highways, policy makers need objective information on the impacts any such changes would
have on the state’s economy (as well as on the highway infrastructure). A review of both the
economics and engineering literatures on truck weight limits shows that nearly all past studies
have looked only at direct transportation and infrastructure impacts; they do not consider the
broader economic effects such regulations might have (e.g., Transportation Research Board,
1990a). Studies that have included broad economic impacts are most often done with regards to
a particular highway project (e.g., Weisbrod and Beckwith, 1992), rather than truck size and
weight limits.
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1.2 OBJECTIVES AND SCOPE

The objective of this study was to determine the broad impacts on the state economy that
would result from changes in GVW limits on the state’s highways. The allowable GVWs
considered in this study were 36,300; 39,900; 47,900; and 58,100 kilograms (80,000; 88,000;
105,500; and 128,000 1bs). The lowest GVW scenario, the 36,300 kilogram (80,000 Ib) scenario,
represents approximately a 32 percent reduction in allowable GVW compared to existing weight
limits, and it is consistent with the present Federal standard enacted across the United States in
1982 on the interstate system. The highest GVW scenario, the 58,100 kilogram (128,000 1b)
scenario, corresponds to approximately a 10 percent increase in allowable GVW compared to
existing limits, and it is consistent with a proposal put forth by Alberta for a north-south trucking
corridor across the western United States. It was assumed under all scenarios that the maximum
GVW limits would be adopted at least on a regional scale. In making this assumption, however,
it was further assumed that in the 36,300; 39,900; and 47,900 kilogram (80,000; 88,000; and
105,500 Ib) scenarios, any existing regulations in other states requiring lower GVWs than the
maximum value allowed by the scenario took precedence over the scenario value. Thus, these
scenarios were intended to represent the imposition of lower allowable GVWs in Montana and
the surrounding area, not the liberalization of allowable GVWs in states that already have lower
GVWs than Montana.

The research objective was met by performing the following tasks:

D) Projections were made of the traffic streams that would evolve under each GVW
scenario based on the characteristics of the existing vehicle fleet and traffic
streams in conjunction with information solicited from users and providers of
trucking services.

2) Expected changes in highway infrastructure costs were calculated for the new
traffic streams generated in step 1, with due consideration of pavements, bridges,
geometrics, and safety.

3) Changes were determined in the total transportation costs that resulted from each
policy scenario for the various sectors of the state’s economy. Attention was
focused on mining, agriculture, wood products, retail food, construction and retail
gasoline. '

4) The results from steps (2) and (3) were used in conjunction with other information
to develop inputs for each scenario to a sectoral model of the entire state
economy. These inputs were generally formulated based on changes in
productivity due to changes in transportation operations.

5) Consolidated and sectoral economic impacts were predicted through time for each
scenario in terms of changes in and absolute levels predicted for output (or gross
state product), employment, and income.

6) The results of step (5) were reviewed to determine if the magnitude of the
economic impacts was sufficiently large to suggest that the level of highway use
would significantly change, necessitating a re-iteration of steps (2) through (6).

With regard to these tasks, note that in discharging Task 3, case studies were conducted
on 11 selected industries representing major sectors of the state’s economy. These case studies
consisted of identifying a trucking operation within the industry in question, determining how
this operation would be impacted in each GVW scenario, calculating the attendant changes in
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infrastructure impacts, and, finally, assessing the potential economic impacts that would be
experienced by the industry. Also note that the decision was made in Task 6 that while the
economic impacts predicted in Task 5 were significant, they were not so dramatic or immediate
as to require a re-iteration of the analysis.

It is important to state at the outset that the impacts considered in this study revolved
mainly around the infrastructure and the economy. Although an investigation of other effects
(e.g. environmental and energy conservation effects) was undertaken, it was determined that the
data and analysis procedures required to produce useful results from such an investigation were
unavailable. Any impacts of changing truck weight limits beyond those directly addressed here
that could be expressed in terms of the traffic stream could be combined with the effects
demonstrated below to present a complete picture.

The organization of this report is as follows. Chapter 2 provides a brief introduction to
the status quo of the state’s economy and transportation infrastructure. Chapter 3 addresses Task
1 above, presenting the new traffic stream calculations for each scenario. Infrastructure impacts
and costs (Task 2) are addressed in Chapter 4. Chapter 5 contains the case studies for industries
in the sectors listed in Task 3. The statewide economic model is presented in Chapter 6, which
includes both the derivation of model inputs (Task 4) and the analysis of the model results (Task
5). Summary and conclusions are reported in Chapter 7.
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2. EXISTING CONDITIONS IN MONTANA

2.1 GENERAL REMARKS

Economic activity in the state of Montana has steadily increased over the past several
years, with the Gross State Product (GSP) reaching approximately 17.7 billion dollars in 1995
(Census and Economic Information Center (CEIC), 1998). Economic activity in the state is
centered on agriculture, forestry and wood products, mining, retail trade, tourism, and other
services. As is often the case, while the transportation system initially developed to some extent
to support these activities, once established, any new enterprises or changes in existing activities
have to a large degree been implemented around the existing transportation infrastructure. With
respect to the transportation of freight across and within Montana, the highway and rail systems
are the primary elements of this infrastructure. While freight movements on the highway system
were the focus of this study, such movements are better understood in the context of the manner
in which all freight moves in and across the state.

2.2 STATE ECONOMY

The structure of the state’s economy can probably best be understood by looking at the
level of activity in its broad sectors. Two principal means of desegregating economic activity by
sector are according to value added and employment. These breakdowns are shown in Figures
2.2-1 and 2.2-2, respectively. Although much of the land in the state is devoted to production in
agriculture, forestry, mining and tourism, these sectors account directly for less than one third of
the value added in the state. By understanding that the agriculture, forestry and fisheries services
sector is limited to those industries that service these sectors, the seemingly low shares
contributed by this sector are put in perspective. Lumber and wood products are considered part
of the manufacturing sector. Tourism falls in the services category in these figures. On the other
hand, these sectors account for more than half the employment in the state. These facts will be
useful later in understanding the magnitude of the statewide economic impacts.

Projections of state economic growth are provided by the baseline forecast of the
statewide economic model that is largely the subject of Chapter 6. Several indicators of the
state’s prospects over the ten year period from 1995 to 2005 give a generally positive view (1995
is taken as the first year of a ten year period as it-is-the latest year where gross state product by
industry is available). Overall, the state’s economy is predicted to grow at an annual rate of 1.6
percent over the period 1995 to 2005. Population is predicted to grow at an annual rate of one-
tenth of one percent (slower than the national average), while employment is projected to grow at
an annual rate of 0.8 percent over the same period. More Montanans will be a part of the labor
force. At the same time, personal income is expected to increase at an annual rate of 4.3 percent.
This rate is a nominal growth rate; if the inflation rate remains below this rate, then real personal
incomes will rise. Over this ten year horizon, the competitive position of the state’s economy
relative to the national economy is not expected to change dramatically: in 1995, Montana’s
GSP represented 0.30 percent of the national gross domestic product (GDP), and is projected to
represent 0.29% of the national economy in 2005.
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Value Added by Sector
Baseline 1998

Farm (4.16%)
Govt (10.87%)

Ag/For/Fish (0.73%)

Manuf (6.32%)
Mining (7.02%)

Constr (5.93%)

Services (18.21%) T&PU-Trk (10.92%)

Trucking (2.90%)
Whisle Trade (7.12%)

FIRE (15.29%)
Retail Trade (10.52%)

Figure 2.2-1. Value Added by Sector, 1998 Baseline
(based on REMI model, see Section 6)

Employment by Sector
Baseline 1998

Durbl (4.34%)

Nondurbl (2.51%)
Mining (1.57%)

Constr (7:16%)

T & PU (6.25%)

Agri/For/Fsh (2.07%)

Services (38.63%)

FIRE (7.77%)

Whisle Trade (4.94%) Retail Trade (24.77%)

Figure 2.2-2. Employment by Sector, 1998 Baseline
(based on REMI model, see Section 6)
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In 1995, the latest year of actual data available by sector, the trucking and warehousing
sector of the state’s economy produced 2.1 percent of GSP, 1.9 percent of employment
(including full-time and part-time), and 1.7 percent of personal income, according to the Census
and Economic Information Center of the state Department of Commerce (CEIC, 1998). Care
should be taken not to interpret these values as completely indicating the importance of trucking
to the state’s economy, as these values represent only that trucking activity that is for-hire. These
values represent lower-bounds on the importance of trucking: much trucking activity is done
within firms whose primary business is not trucking, and for purposes of income and product
accounting, this activity is counted as activity occurring in those industries, rather than in
trucking. While firm statistics on the level of own-account trucking in the state of Montana are
not available, such data have recently been compiled at the national level (Fang et al., 1998).
For-hire transportation accounts for 3.1 percent of GDP, while all transportation (own-account
and for-hire) accounts for 5.0 percent of GDP.

2.3 MONTANA STATE HIGHWAY SYSTEM
2.3.1 Roadways

In 1995, the federal aid interstate and non-interstate National Highway System, and the
state primary, secondary, and urban systems totaled approximately 18,835 kilometers (11,705
miles) of highway in the state of Montana (MDT, 1995). A summary of the routes that comprise
these highways is presented in Table 2.3.1-1 and Figure 2.3.1-1. By virtue of being designated to
one of these systems, a highway is eligible for one or more types of federal aid funding.

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
material is reported in Table 2.3.1-1. Asphalt is the most commonly used material on state
highways, comprising 80 percent of the roads on the total state highway system. Only on the
interstate system is concrete used to any major extent (10 percent), and most of this pavement is
on a single interstate route (Interstate 90).

Table 2.3.1-1 State Highway System Length by Federal Aid System (MDT, 1995)

Percent of length within each system by surface type
System Length, - - — . -
km (miles) . %F 1¢X},bl¢ % Rigid % Other
Interstate 1916 (1191) 90 10 0
Primary 8830 (5488) 96 0 4
Secondary 7506 (4665) 57 0 43
Urban 581 (361) 84 1 14
Off system 1833°(1139) - - -
Total 18835 (11705) 80 1 19

? bituminous surface treatment, gravel, or primitive

® not included in total

¢ data unavailable
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2.3.2 Bridges
A summary of the bridges in the state inventory is presented in Table 2.3.2-1. 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 piers. 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.

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 (low relative
humidity and only modest use of de-icers) in Montana. Average age and daily fraffic on the
bridges on each system are summarized in Table 2.3.2-2. The average age of all the bridges in
the Inventory was given in 1996 as 37 years (Meyer, 1996).

The Inventory load rating on almost every bridge on the interstate system is at least
HS20-44 (two bridges have listed inventory ratings of 75 percent of the HS20-44 load rating
(MDT, 1994)). The HS20-44 vehicle is a standard vehicle used by most states for bridge design,
and it is the minimum standard used for all new MDT bridge designs (Murphy, 1998). This
vehicle is a 3 axle tractor, semi-trailer with a mass of 32,600 kilograms (72,000 pounds) and an
over-all wheel base of 8.5 to13.4 meters (28 to 44 ft) (AASHTO, 1992). 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
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Table 2.3.2-1 Characteristics of Bridges on the State Highway System (MDT, 1994)

Average
Structural System No. of Length, % (by length)
Spans m (ft) of all spans
Stringer
Simply supported
Prestress 3005 18.0 (59) 46
Steel 571 17.1 (56) 8
Wood 2152 6.1 (20) 11
Concrete 437 12.8 (42) 5
Continuous
Prestress 3 31.4 (103) 0
Steel 886 31.7 (104) 24
Concrete 160 6.7 (22) 1
Total 7214 15.5 (81) 95
Flat Plate
Simply supported
Concrete 79 6.1 (20) 0
Continuous
Concrete 442 6.1 (20) 2
Total 521 6.1 (20) 2
Truss
Steel 85 39.6 (130) 3
Total 85 39.6 (130) 3
Total 7820 15.2 (50) 100

Table 2.3.2-2  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

of 13,700 kilograms (30,000 1bs) and a wheel base of 4.3 meters (14 ft) (AASHTO, 1992). This
design vehicle generally places lower demands on bridges than the HS20-44 vehicle, and it is
used on secondary 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.

2-6



In almost all cases, the reported Inventory load ratings for bridges across all systems are
the vehicles used for the bridge designs (e.g., HS20-44, H15, etc.). Concerns with load ratings
generated by a system wide analysis conducted in the 1970s resulted in an administrative
decision to replace suspect ratings with the bridge design loads (Murphy, 1996).

2.3.3 Existing Vehicle Configurations

Vehicle configurations in Montana are controlled by legal limits that include
requirements on load per unit width of tire, maximum axle group weights, maximum gross
vehicle weights, maximum vehicle lengths, and maximum vehicle widths (MCA, 1997). Various
configurations of trucks that have evolved under these limits are shown in Figure 2.3.3-1. 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 36,300
kilogram (80,000 Ib) 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, pounds

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

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 30.5 meters (100 ft) long to operate on the state’s highways with a
special permit. Double trailer units up to 22.9 meters (75 ft) long can operate without a permit.
A popular double trailer vehicle configuration, referred to as the Rocky Mountain double, has
either 7, 8 or even 9 axles and can operate at gross vehicle weights up to approximately 51,700 ;
53,500; or 55,800 kilograms (114,000; 118,000; or 123,000 Ibs), respectively. These vehicles
often run with two trailers with lengths of 13.7 and 8.5 meters (45 and 28 ft). Typical legal limits
on various vehicle configurations are presented in- Table 2.3.3-1. Axle loads in Montana are
limited to 9,100; 15,400; and 19,300 kilograms (20,000; 34,000; and 42,500) 1bs) on singles,
tandems, and tridems, respectively (with tridems controlled by the Bridge Formula). Loads on
axles with single tires (except the steering axle) are limited to 91 kilograms per centimeter (500
lbs/in) of width (MCA, 1997).

2.3.4 Present Traffic Distribution by Vehicle Configuration and Weight

The absolute volume of average daily truck traffic on the various elements of the highway
system is summarized in Table 2.3.4-1 (1994 data). Large combination trucks (defined as any
unit with at least one trailer and an axle configuration potentially capable of operating at a GVW
greater than or equal to 36,300 kilograms (80,000 Ibs)) comprise only 14, 5, and 3 percent of all
traffic (measured in vehicle miles of travel) on the interstate, non-interstate NHS and state
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Figure 2.3.3-1 Typical Vehicle Configurations (page 1 of 2)
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Figure 2.3.3-1 Typical Vehicle Configurations (page 2 of 2)
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Table 2.3.3-1 Maximum Gross Vehicle Weights, Widths, and Lengths, Without a Permit,

Current Montana Limits, Compiled from Montana Code Annotated (MCA 1997)

Configuration GVW, Length?, Width
' kilograms (Ibs) meters (ft) meters (ft)
Single Units
2SU 18,100 (40,000) 16.8 (55) 2.6 (8.5)
3SU 22,700 (50,000) 16.8 (55) 2.6 (8.5)
4SU 26,300 (58,000) 16.8 (55) 2.6 (8.5)
Truck and Full Trailers
2-1 25,400 (56,000) 22.9(75) 2.6 (8.5)
2-2 31,800 (70,000) 22.9 (75) 2.6 (8.5)
3-2 38,100 (84,000) 22.9 (75) 2.6 (8.5)
3-3 41,700 (92,000) 22.9 (75) 2.6 (8.5)
3-4 47,100 (103,800) 22.9 (75) 2.6 (8.5)
Tractor, Semi-trailers
281 23,600 (52,000) 22.9 (75) 2.6 (8.5)
282 29,900 (66,000) 22.9 (75) 2.6 (8.5)
352 36,300 (80,000) 22.9 (75) 2.6 (8.5)
3S3 39,900 (88,000) 22.9 (75) 2.6 (8.5)
3 Unit Combinations
5 AX A Train, 2S1-2 41,700 (92,000) 22.9 (75) 2.6 (8.5)
6 AX A Train, 2S2-2 48,100 (106,000) 22.9(75) 2.6 (8.5)
7 AX A Train, 3S2-2 51,000 (112,500) 22.9 (75) 2.6 (8.5)
8 AX A Train, 3S2-3 53,300 (117,400) 22.9(75) 2.6 (8.5)
9 AX A Train, 3S2-4 55,600 (122,600) 22.9 (75) 2.6 (8.5)

* large combination vehicles can operate up to 30.0 meters (95 ft) long with a permit

Table 2.3.4-1 Average Daily Truck Traffic (vehicles capable of operating at GYVW’s of 36,300

kilograms (80,000 Ibs) or greater, 1994 data)

System " Length, - AADT
kilometers (miles)
Interstate 1916 (1191) 715
Primary 8830 (5488) 84
Secondary 7506 (4665) 11
Urban 581 (361) 38

primary systems, and the state secondary and urban systems, respectively. These values were
calculated using information provided by MDT. Data on the specific vehicle configurations
operating around the state are collected by the Data Collection/Analysis Section of MDT. The
data consist of visual classification counts, automatic vehicle classification counts, and weight
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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. Based on this data, MDT estimated the composition of the traffic stream on every mile
of highway in the state for NHS interstate and non-interstate routes and for all state primary,
secondary, and urban routes. Information of this type assembled for the year 1994 was used as
the basis for this study. Data collected for this year were previously determined to provide a
reasonable representation of the vehicles operating on Montana’s highways (Stephens et al,
1996), a conclusion which was reaffirmed in this study through comparison of the 1994 data
traffic data with information from 1995 and 1996.

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.
Once again, data from 1994 had previously been found to reasonably represent the annual weigh
station data available for the state. This conclusion was verified by comparing the 1994 data
with that from 1995. Note that the operation of overweight vehicles may not be well represented
in static weigh station data. The state of Montana has only limited information on the percentage
of overweight vehicles that operate on the highways. While overweight vehicle operations can
be characterized from weigh-in-motion data, such data is still only available at certain locations
around the state, and systems for evaluating and processing this data are still being developed.
Therefore, the decision was made to do this analysis without correcting the static weight data for
overweight vehicles believed to be in the existing traffic stream. Consistent with this decision,
overweight vehicles were not created as part of the new traffic streams generated for each GVW
scenario considered in this study.

The composition of the truck fleet (3 axle single units and larger) operating on Montana’s
highways is summarized in Figure 2.3.4-1. The overwhelming majority of the heavy vehicles
using the system are 5 axle tractor, semi-trailers. These vehicles comprise more than 60 percent
of the heavy vehicles in the fleet (out of the total of 64 percent of all 5 axle combinations).
Vehicles that can potentially operate at weights in excess of 36,300 kilograms (80,000 Ibs)
(notably, 6 axle tractor, semi-trailers and long combination vehicles) comprise only 16.7 percent
of the truck fleet. Of these vehicle configurations, the most frequent vehicle type is 7 axle
combinations, which make up 5 percent of all heavy vehicles in the fleet.

This study is most concerned with vehicles operating at gross weights equal to or greater
than 36,300 kilograms (80,000 Ibs), and the composition of this fraction of the fraffic stream, as
measured in terms of vehicle miles of travel, is summarized by system in Figure 2.3.4-2. While
on all systems the overwhelming majority of the vehicles capable of operating at, or over, GVWs
of 36,300 kilograms (80,000 1bs) are 5 axle tractor, semi-trailers, these units are clearly most
dominant on the interstate system, comprising approximately 76.6 percent of the large truck
traffic. Five axle tractor, semi-trailers only comprise approximately 60 percent of the heavy
vehicle traffic on the NHS and state primary systems, and 48 percent on the secondary and urban
systems. Traffic on the interstate system is believed to be significantly influenced by interstate
haulers, who are constrained to configurations that comply with the lowest maximum GVW
allowed by the various states in which they operate (which is likely to be 36,300 kilograms
(80,000 Ibs) on a 5 axle tractor, semi-trailer).

Vehicles on the NHS, state primary, and state secondary system are believed to be
engaged more exclusively in regional, intrastate, or local commerce compared to the trucks on
the interstate system. Therefore, from a GVW perspective, a greater percentage of these haulers
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are able to operate heavier vehicles than a 5 axle tractor, semi-trailer, vehicles that are configured
to comply with regional and state truck regulations. The largest combination vehicles (7 axle
combinations and larger) comprise a noticeably greater percentage of the traffic on the NHS and
state primary, and secondary routes, than on the interstate system. These large combination
vehicles account for only 12 percent of the vehicle kilometers (miles) of travel on the interstate
system, compared to 16 percent of the vehicle kilometers (miles) of travel on the other elements
of the highway system. Straight truck, full trailer units are also more prevalent on the non-
interstate elements of the highway system compared to the interstate routes. The commodities
hauled by straight trucks pulling trailers are often short haul/local delivery in nature (e.g., sand
and gravel). In Montana, these types of trips tend to entail only limited interstate highway travel.

2.4 GENERAL FREIGHT MOVEMENTS

Only 35 percent of the estimated 73 million metric tons (80 million English tons) of
commodities originating in Montana (by weight) are moved by truck (Bureau of Transportation
Statistics (BTS), 1996). Montana ranks in the bottom 10 states in the nation with respect to the
weight of goods originating in the state that are shipped by truck. Montana produces many bulk
commodities (lumber, wood products, coal, farm products, etc.) that have a low value to weight
ratio. These commodities and almost all of Montana’s exported products need to be shipped
hundreds of miles to their markets (approximately 50 percent of the commodities originating in
Montana are shipped over 500 miles (BTS, 1996)). In such situations, rail often is used to move
commodities, and, indeed, fully 52 percent (by weight) of the commodities that originate in
Montana move by rail (BTS, 1996). Eighty-five percent of the wheat grown in the state and 80
percent of the coal mined in the state, for example, are moved by rail (Montana Agricultural
Statistics Service, 1997; BTS, 1996). Only in Wyoming is rail responsible for moving a greater
percentage of the commodities originating in a state than in Montana. Rail movements are
accomplished on 5,310 kilometers (3,300 miles) of track operated by 7 railroad companies
(Wilbur Smith and Associates, 1997). Two of these companies operate 90 percent of the track,
namely, the Burlington Northern and Santa Fe (65 percent) and Montana Rail Link (25 percent).
The available rail service in the state offers access to large markets for Montana’s commodities
with very little switching of carriers required. _

Less than 2 percent of the 48 million metric tons (53 million English tons) of
commodities moved annually by rail in the state is believed to represent intrastate commerce
(Wilbur Smith and Associates, 1997). As at least 31 million metric tons (34 million English
tons) of freight are shipped intrastate annually (BTS, 1996), the majority of intrastate freight
movements are accomplished by truck. As the value to weight ratio increases, commodities
originating in Montana are also more likely to be shipped by truck rather than rail. While trucks
account for 35 percent by weight of the commodities originating in Montana, they account for 62
percent of the value of all commodity shipments originating in Montana.

Information on freight whose destination is Montana is sparse. Based on data from the
federal commodity flow study, an estimated 60 percent (by weight) of the freight shipped into the
state moves by truck (BTS, 1996).

Quantitative information on the volume of truck freight that simply moves across the
state (with both origin and destination in other states) appears to be unavailable. Interstates 90
and 94, which generally traverse the state east-to-west, are one highway link between the Pacific
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Northwest and the central and eastern United States. Interstate 15, which traverses the state
north-to-south, is a major link between Alberta, Canada, and the United States. Thus, a
significant portion of the freight moved on these highways is believed to simply pass through
Montana.

Based on the above information, economic activity involving intrastate freight
movements was expected to be most affected by changes in vehicle weight regulations, in that:

1) Rail is used for a majority of out-of-state freight movements.

2) Trucks are used for a majority of intrastate freight movements. Furthermore, and as
previously mentioned, trucks engaged in only local commerce can be configured to
comply with state GVW regulations, which allow GVWs in excess of 36,300 kilograms
(80,000 Ibs), without concern regarding more restrictive GVW regulations in other states.

3) Trucks involved in freight movements into, out-of, and across Montana are constrained
to configurations that comply with the lowest maximum GVW allowed by the various
states in which they operate (which is likely to be 36,300 kilograms (80,000 Ibs) on a 5
axle tractor, semi-trailer). Therefore, a significant portion of these vehicles already
operate at GVWs at or below 36,300 kilograms (80,000 Ibs).
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3. NEW TRAFFIC STREAMS

3.1 GENERAL REMARKS

Five scenarios with different allowable maximum GVWs were considered in this study,
namely, 36,300; 39,900; 47,900; 53,300 (existing limits); and 58,100 kilograms (80,000; 88,000;
105,500; 117,500 (existing limits); and 128,000 Ibs). These scenarios and their origins are
summarized in Table 3.1-1. The lowest GVW scenario, the 36,300 kilogram (80,000 Ib)
scenario, represents approximately a 32 percent reduction in allowable GVW compared to
existing weight limits, and it is consistent with the present Federal standard enacted across the
United States in 1982 on the interstate system. The highest GVW scenario, the 58,100 kilogram
(128,000 1b) scenario, corresponds to approximately a 10 percent increase in allowable GVW
compared to existing limits, and it follows the regulations proposed in the early 1990's for special
5, 6, 7 and 8 axle long combination vehicles that would be allowed to operate along a north-south
corridor between Canada and Mexico (Alberta Transportation and Utilities, 1994). With the
exception of the 58,100 kilogram (128,000 Ib) scenario, vehicles operating under each scenario
were presumed to meet all existing size and weight regulations, with the additional imposition of
amaximum GVW cap. Thus, all vehicles still had to meet the existing requirements in Montana
on allowable axle loads, axle weights, Federal bridge formula weight restrictions, width
requirements, length restrictions, and height limitations. In the 58,100 kilogram (128,000 1b)
scenario, the Federal bridge formula requirements and length restrictions were waived for long
combination vehicles that adhered to rigid over-all length and interaxle dimension requirements.

It was assumed under all scenarios that the maximum GVW limits would be adopted at
least on a regional scale. In making this assumption, however, it was further assumed that in the
36,300; 39,900; and 47,900 kilogram (80,000; 88,000; and 105,500 Ib) scenarios, any existing
regulations in other states requiring lower GVWs than the maximum value allowed by the
scenario took precedence over the scenario value. Thus, these scenarios were intended to
represent the imposition of lower allowable GVWs in Montana and the surrounding area, not the
liberalization of allowable GVWs in states with GVWs lower than the scenario GVW.

The process of predicting the composition of the new traffic streams that would evolve
under the various GVW scenarios consisted of assigning all of the freight presently carried by the
system to the most appropriate vehicles allowed under each scenario. "Appropriate" vehicles to
receive freight were generally judged to be those vehicles that could most efficiently and legally
move the displaced freight, while simultaneously maximizing the re-use of existing equipment.
The assumption was made that the volume of freight to be moved on the system would remain
constant across all scenarios. In making this assumption, it was inherently assumed that (a) any
diversion of freight to other modes of transportation would be negligible and thus could be
ignored and (b) any reduction in the total demand for shipping services would be negligible and
could be ignored.
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Table 3.1-1 Summary of GVW Scenarios

Maximum Change in Maximum
Allowable Gross Allowable Gross
Vehicle Weight Vehicle Weight Comments
Scenarios, Compared to
kilograms Currently Allowed?
(Ibs)
36,300 32 percent maximum limit is consistent with maximum Federal
(80,000) reduction limit put in place nationally in 1982, almost all large
combination vehicles except the 3S2 and 3-2 disappear
from the traffic stream
39,900 25 percent maximum limit is consistent with current limit on a 3S3
(88,000) reduction (6 axle tractor, semi-trailer), almost all large
combination vehicles except the 3S2 and 3S3 disappear
from the traffic stream
47,900 10 percent maximum limit is consistent with current limit in several
(105,500) reduction neighboring states for 3S2-2 and 3S2-3 (long
combination vehicles), minimal changes in the traffic
stream
53,300 0P current maximum limits are controlled by the Federal
(117,500) Bridge Formula applied in conjunction with axle weight
limits and maximum allowable vehicle lengths, typical
configurations at the high end of the weight range
operate at around 53,100 to 54,400 kilograms (117,000
to 120,000 Ibs)
58,100 10 percent maximum limit is consistent with proposed limit under
(128,000) increase Canamex, appearance of nominally more 3S2-2 and 3S2-
3 vehicles in the traffic stream

* Based on approximate existing maximum gross vehicle weight of 53,300 kilograms (117,500 Ibs)
® Varies based on number of axles and axle spacing

3.2 GENERATION OF NEW TRAFFIC STREAMS
3.2.1 General Remarks

For each GVW scenario, a traffic fleet was created in which all vehicles were in
compliance with the maximum allowable GVW of the scenario and which were collectively
capable of moving the same quantity of freight as moved with the existing vehicle fleet. The
information available to accomplish this task consisted of:

1) the previously mentioned MDT truck weight file, which provided excellent
information on the configurations and weights of the vehicles operating on the
highway system, but no information on commodities hauled, trip distances,
origins, or destinations by configuration,

2) the results of the federal Truck Inventory and Use Survey (TIUS) (U.S. Dept. of
Commerce, 1995), which provided good information on the commodities hauled
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by configuration and trip distance, but only nominal information on whether these
trips were in Montana or elsewhere,

3) the results of the federal Commodity Flow Survey (BTS,1996), which provided
broad based information on the types of commodities shipped in Montana and the
modes of transportation used,

4) the results of a survey of the members of the Montana Motor Carriers Association
with respect to their trucking operations (i.e., commodity, truck type and
operating characteristics, trip origin and destination) and opinions on how these
operations would change under various GVW scenarios (see Appendix A), and

5) direct and detailed interviews with users and providers of truck transportation
services in Montana regarding these same issues.

The information sources relied on most heavily in generating new vehicle fleets and traffic
streams for each scenario were the MDT truck weight file, the results of the survey conducted of
the Montana Motor Carriers Association, and information obtained during direct interviews with
users and providers of truck transportation services in Montana.

The only "new" vehicles introduced in any of the scenarios were the 5, 6, 7, and 8 axle
long combination vehicles included in the 58,100 kilogram (128,000 Ib) scenario. These
vehicles, referred to as Canamex vehicles (Alberta Transportation and Utilities, 1994) are
nominally longer than the combination units that are presently allowed to operate in Montana
(under permit), and the 7 and 8 axle units are heavier than the 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. 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. Seven and 8 axle C-trains, however, can
carry 7 to 9 percent more weight than the corresponding existing A-trains. At such weights,
these vehicles violate Bridge Formula B. 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 B.

3.2.2 Modal Diversion - -

Consideration was given to the modes of transportation that might be employed by users
of transportation services under each GVW scenario. As the maximum allowable GVW
decreases, rail may become a more economical mode of transportation than trucks. Rail would
be expected to be particularly attractive in transportation situations involving moderate to long
haul distances of bulk commodities (TRB, 1990a; TRB, 1990b). In any specific situation, factors
that influence the choice of rail versus highway transport include the physical availability of rail,
the cost and availability of transloading facilities, and the timeliness of the service provided. In
interviewing several users of transportation services in Montana, it was discovered that rail
already is employed for hauling bulk products when they need to be transported more than 320
to 480 kilometers (200 to 300 miles). One problem companies consistently expressed with
respect to using rail (presuming it was available) was timeliness in delivery. These companies
indicated that timeliness was increasingly critical to satisfying their customers’ requirements,
even for non-perishable goods. Note that rail already is used to move 52 percent by weight of
the commodities that originate in Montana (see Section 2.4), with most of these freight
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movements being interstate in nature. Rail presently is used for only a very limited amount of
intrastate freight movement.

Some insights into the specific amount of mode shifting that might occur under the
scenarios considered in this investigation can be obtained from existing studies on the effects of
increasing GVW limits on the nation’s highways. A 1990 TRB study (TRB, 1990a) looked at
the effect nationally of eliminating the 36,300 kilogram (80,000 1b) GVW limit and requiring
instead that vehicles simply comply with existing dimensional limits, axle weight limits, and the
Federal Bridge Formula B (referred to by TRB as their "Uncapped Formula B Scenario).
Montana presently is an "Uncapped Formula B" state, while much of the rest of the United States
conforms more closely to an 36,300 kilogram (80,000 Ib) limit. Thus, the 36,300 kilogram
(80,000 Ib) scenario in this investigation is the reverse of the "Uncapped Formula B Scenario"
considered by TRB, and their predicted diversion of freight from rail to truck should directly
correspond to the truck to rail diversion in this study for the 36,300 kilogram (80,000 Ib)
scenario. The TRB study predicted a 1.3 percent change in the ton-miles of freight carried by
trucks as a result of mode shifting from rail.

A second TRB study (TRB, 1990b) considered the effects nationally of adopting Turner
trucks, which are a series of combination vehicles varying in GVW from 41,300 to 57,600
kilograms (91,000 to 127,000 Ibs) that were specifically designed to minimize pavement damage
while maximizing payload capacity. Once again, this situation is approximately the reverse
scenario from the 36,300 kilogram (80,000 Ib) scenario considered in this investigation, so their
predicted rail to truck diversion should correspond to the truck to rail diversion in this study.
This TRB study estimated an average 2 percent shift in freight from rail to truck. The rate of
diversion varied with commodity, with the highest diversion rates being determined for lumber
and wood products, pulp and paper products, and primary metal products.

In the soon to be released federal truck size and weight study, it apparently was noted
that, for the size and weight scenarios they considered, shifts in freight between trucks had
significantly greater impacts on changes in the volume of truck traffic than inter-modal freight
diversions (FHWA, 1998).

Based on these various considerations, the decision was made to exclude modal diversion
in developing the new traffic streams and calculating the infrastructure costs for each scenario.
This approach should result in infrastructure demands (and costs) being nominally overstated for
the scenarios that represent a reduction in maximum allowable GVW (as some freight would be
shifted from truck to rail in these cases) and nominally understated for the scenario in which the
maximum allowable GVW is increased (as some freight would be expected to shift from rail to
truck in this case). This approach is expected to closely match what will occur in the short to
medium term (5 years), as companies attempt to maximize the use of their existing equipment
while they develop long term transportation strategies and build new facilities, as necessary, to
support these strategies (such as rail terminals and lines).

3.2.3 Development of New Vehicle Fleets
For each scenario, a vehicle fleet was created that was capable of carrying the same

amount of freight on the system as the current vehicle fleet while complying with the maximum
allowable GVW imposed by the scenario. These fleets were created by diverting freight between
the vehicles in the existing fleet, as that fleet was characterized by the static scale data. As
might be expected, it was discovered that for the 36,300; 39,900; and 47,900 kilogram (80,000;
88,000; and 105,500 1b) scenarios, more lighter vehicles were required in the fleet than presently
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operate on the system to move the same freight. Conversely, for the 58,100 kilogram (128,000
Ib) scenario, fewer heavier vehicles were required than presently operate on the system to move
the same freight.

- Specific choices of vehicles to receive diverted freight in each scenario were made based
on maximizing the efficiency of the transportation operation while reusing as much existing
equipment as possible. The diversions performed in each scenario are presented in Table 3.2.3-1.
These diversion choices were generally confirmed by direct interviews with users and providers
of freight services in Montana, and they were found to be consistent with the results of the survey
conducted by mail and fax of the Montana Motor Carriers Association. Every vehicle in the
truck weight data sample was evaluated individually for possible freight diversion. Algorithms
were developed for this purpose that automatically a) checked the GVW of the vehicle to
determine if it exceeded the maximum allowable GVW of the scenario, and b) if the maximum
allowable GVW was exceeded, it reassigned the freight carried by the vehicle to some other
vehicle based upon preestablished guidelines related to its weight and configuration.

Table 3.2.3-1 Summary of Freight Diversions by Vehicle Configuration and Scenario

Truck Configuration Maximum Gross Vehicle Weight Scenario
36,300 kg 39,900 kg 47,900 kg 58,100 kg
(80,000 1b) (88,000 1b) | (105,500 Ib) | (128,000 Ib)

Single Unit

28U, 38U, 4 SU U U U U
Straight Truck w/ Trailer

2-1,2-2 U U U U

3-2 L U U U

3-3 D D U U

3-4,4-4 D D L U
Tractor-Semi-Trailer

281, 282 U U U U

3S2 R R u D

3S3 D R - U U

354 D D U U

454 D D L U
3 Unit Combinations

2S1-2 L U U U

2S82-2 L L U U

3S1-2 D L U U

3S2-2 D D L H

3S2-3 D D L H,R

3S2-4 D D L H

U = Unchanged; L = Lower GVW, same configuration; D = Diverted to different configuration;
R = Received freight from diversion; H = Higher GVW, same configuration
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Consider, for example the case of an 8 axle long combination vehicle operating at 52,200
kilograms (115,000 Ibs) (see Figure 3.2.3-1). This vehicle consists of a 5 axle tractor,semi-
trailer, pulling a full trailer (often referred to as a pup). For the 36,300 kilogram (80,000 Ib)
scenario, the algorithm would effectively decide that the operator would unhook the pup and run
the forward part of the configuration as a 5 axle tractor, semi-trailer, which would be in
compliance with the 36,300 kilogram (80,000 Ib) maximum GVW. The freight on the pup
would be shifted with other partial loads until a new trip was generated for the same 5 axle
tractor, semi-trailer. Under the 39,900 kilogram (88,000 1b) scenario, the algorithm would
perform a similar diversion. The operator’s only easy choice of configurations that comply with
the 39,900 kilogram (88,000 1b) scenario within the bounds of his existing equipment is still the
5 axle tractor semi-trailer that makes up the forward portion of his long combination vehicle.
Therefore, much of his freight would still be moved with 5 axle tractors, semi-trailers. A limited
amount of freight shipped on some long combination vehicles was moved onto 6 axle tractor,
semi-trailers. Some operators indicated that they had the volumetric capacity to run the front end
of their long combination vehicles as tractor, semi-trailers operating at 39,900 kilograms (88,000
Ibs), and that they would immediately add axles to their two axle semi-trailers and run them with
their existing tractors as 6 axle tractor, semi-trailers.

Existing 352-2 at GVW = 53,300 kgs (117,500 Ibs)

Becomes

1.67 ~ 382 at GVW = 36,300 kgs (80,000 Ibs)

O O

Figure 3.2.3-1 Example of Conversion, Rvo"gkyAMountain Double to 5 axle tractor,.semi-
trailers (36,300 kilogram (80,000 1b) scenario)

At a maximum gross vehicle weight of 47,900 kilograms (105,500 Ibs), the algorithm
would simply haul the freight on the same 8 axle long combination vehicle configuration but
carrying 4,310 kilograms (9,500 Ibs) less payload in each trip. Finally, at the 58,100 kilogram
(128,000 1b) scenario, the algorithm would still run the existing equipment at 52,000 kilograms
(115,000 Ibs) for 50 percent of the trucks of this configuration and weight in the fleet; while in
the other 50 percent of the cases, it would increase the GVW of the truck to 56,200 to 58,100
kilograms (124,000 to 128,000 Ibs) and haul the same amount of freight in fewer loads. This
approach was used to account for volume limited rather than weight limited vehicles operating at
heavy weights. Note that 10 percent of the freight hauled on 5 axle tractor, semi-trailers was also
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shifted to 8 axle combination configurations. Geometrically, the vehicle lengths permitted under
this scenario provide operators of 5 axle tractor, semi-trailers, with the simple option of adding a
short trailer with a stabilized dolly to their existing vehicle and thus create an 8 axle combination
with an allowable GVW of 58,100 kilograms (128,000 Ibs). The resulting payload was judged
sufficient to attract some operators of 5 axle tractor, semi-trailers to long combination vehicles.

The vehicle fleets developed using the process outlined above are described in Figure
3.2.3-2. Several of the vehicle operators commented that they had optimized their present
equipment to function under existing GVW regulations. Some of these operators went on to
comment that this equipment poorly supported some of the scenarios under consideration.
Notably, few operators appeared to be equipped to easily run 6 axle tractor, semi-trailers.
Operators also indicated that the 5 axle tractor, semi-trailer portion of their Rocky Mountain
Doubles may not be optimally configured to run as a stand alone 5 axle tractor, semi-trailer under
a 36,300 kilogram (80,000 1b) scenario. Finally, some of the existing Rocky Mountain Doubles
may not conform to the dimensions required in order to operate at the highest GVWs in the
58,100 kilogram (128,000 Ib) scenario. These situations were taken into account in determining
the vehicles that would be used in each industry under the various GVW scenarios.

Referring to Figure 3.2.3-2a, the fraction of the vehicle fleet comprised of 5 axle tractor,
semi-trailers was expected to increase from 64 to 81 percent for the 36,300 kilogram (80,000 Ib)
scenario. All of the large combination vehicles were effectively eliminated from the fleet under
this scenario, and the freight hauled by these vehicles was shifted to 5 axle tractor semi-trailers.
The vehicle fleet expected to evolve under the 39,900 kilogram (88,000 1b) scenario, described in
Figure 3.2.3-2b, was similar to that predicted for the 36,300 kilogram (80,000 Ib) scenario.
Almost all of the large combination vehicles were again eliminated from the fleet, to be replaced
with 5 and 6 axle tractor, semi-trailers. While the 6 axle tractor, semi-trailer appeared attractive
under this scenario, much of the freight from large vehicles was still diverted to 5 axle tractor
semi-trailers due to a) the increased availability of 5 compared to 6 axle tractor, semi-trailers and
b) the apparently modest increase in payload for the 6 axle tractor, semi-trailer operating at
39,900 kilograms (88,000 1bs) compared to the 5 axle tractor, semi-trailer. The 5 and 6 axle
tractor, semi-trailers increased as a fraction of the vehicle fleet by 11 and 4 percent, respectively.

The vehicle fleet expected to evolve under the 47,900 kilogram (105,500 1b) scenario,
described in Figure 3.2.3-2c, was relatively unchanged from the existing vehicle fleet. As might
be expected, the 5 and 6 axle tractor, semi-trailer traffic was unaffected in this scenario. Large
combination vehicles increased from being 13 to being 13.5 percent of the traffic stream, as the
freight these vehicles presently carry was hauled using the same configurations operating at
lower GVWs. Finally, under the 58,100 kilogram (128,000 Ib) scenario, large combination
vehicles were expected to nominally increase as a fraction of the vehicle fleet from 13 to 17
percent (Figure 3.2.3-2d). This net change reflects a decrease in large combination vehicles as a
result of increased payloads for these vehicles under the 58,100 kilogram (128,000 Ib) scenario,
countered by an increase in large combination vehicles as 5 axle tractor, semi-trailers switch to
these configurations under the liberalized weight allowance of 58,100 kilograms (128,000 Ibs).

The vehicle fleets described above were subsequently sorted by configuration , and the
average operating characteristics of each configuration for each scenario were determined. This
information and the basic diversion algorithms were then used to transform the existing traffic
streams on highway routes throughout the state (available from MDT) into the new traffic
streams expected to evolve on these routes under each GVW scenario. An example of the traffic
streams generated along an Interstate route under each scenario is presented in Table 3.2.3-2.
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Figure 3.2.3-2 Predicted Compositions of the Heavy Vehicle Fleet (page 1 of 2)
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Figure 3.2.3-2 Predicted Compositions of the Heavy Vehicle Fleet (page 2 of 2)
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Table 3.2.3-2 Typical Configuration of the Traffic Stream on an Interstate in Montana

Route # 1-90 Segment MP 110 Bonner to Drummond Length 69 km AADT 8076
(43.1 miles)
Vehicle Annual Average Daily Traffic
Configuration
36,300 kg 39,900 kg 47,900 kg Existing 58,100 kg
(80,000 Ib) (88,000 1b) (105,500 1b) (128,000 1b)
Motorcycle 16 16 16 16 16
Pass. Car 4232 4232 4232 4232 4232
Pickup 2189 2189 2189 2189 2189
2A-4T RV 0 0 0 0 0
2A-4T SU 0 0 0 0 0
School Buses 32 32 32 32 32
2A-Com. Buses 0 0 0 0 0
3A-Com. Buses 0 0 0 0 0
2A-6T RV 0 0 0 0 0
2A-6T SU 194 194 194 194 194
3A-RV 0 0 0 0 0
3A-SU 40 40 40 40 40
4A-RV 0 0 0 0 0
4A-SU 24 24 24 24 24
2-13A-TR 1 1 1 1 1
2-2 4A-TR 27 27 27 27 27
2S1 3A-ST 6 6 6 6 6
2S2 4A-ST 6 6 6 6 6
3S2 5A-ST 1328 1204 1026 1026 924
3-2 5A-TR 32 32 32 32 32
3S3 6A-ST 0 115 69 69 69
354 7A-ST 0 0 0 0 0
4S4 8A-ST 0 0 0 -0 0
3-3 6A-TR 0 0 37 36 36
3-4 7A-TR 0 0 0 -0 - 0
3-5 8A-TR 0 0 0 0 0
3-6 9A-TR 0 0 . 0 0 0
4-6.10A-TR 0 0 0 0 0
2S1-2 5A-TU 16 16 16 16 16
3S1-2 6A-TU 16 16 16 16 16
282-2 6A-TU 0 0 0 0 0
3S2-2 7A-TU 0 0 67 66 63
3S2-3 8A-TU 0 0 50 47 97
3S2-4 9A-TU 0 0 0 0 0
3S1-2-1 7A-MT 0 0 0 0 0
282-2-2 7A-MT 0 0 0 0 0
3S1-2-2 8A-MT 0 0 0 0 0
Total AADT 8159 8150 8080 8075 8020
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The changes estimated in the number of trucks (5 axle tractor, semi-trailer and larger vehicles)
operating on the highway system under each scenario are reported in Figure 3.2.3-3 by element
of the highway system. As would be expected, the amount of large truck traffic increased on all
systems under the 36,300 and 39,900 kilogram (80,000 and 88,000 1b) scenarios. For the 36,300
kilogram (80,000 Ib) scenario, truck traffic increased by 8, 12, and 16 percent on the interstate,
NHS and state primary, and state secondary and urban systems, respectively. The changes in
truck traffic were similar and slightly lower in magnitude for the 39,900 kilogram (88,000 Ib)
scenario compared to the 36,300 kilogram (80,000 Ib) scenario. Truck traffic under the 47,900
kilogram (105,500 Ib) scenario was expected to increase by less than 2 percent across all
systems. For the 58,100 kilogram (128,000 1b) scenario, a net reduction in heavy truck traffic of
3 to 5 percent was predicted. The relative changes in truck traffic by system within each scenario
directly reflect the variations in the composition of the existing traffic stream on the different
elements of the highway system. As previously mentioned, large combination vehicles make up a
greater fraction of the truck traffic on the NHS, and state primary, secondary, and urban systems
than on the interstate system. Therefore, changes in traffic are more pronounced on the NHS and
state primary, secondary, and urban systems compared to the interstate system.
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36,300 kg 39,900 kg 47,900 k% 58,100 kg
(80,000 Ib) (88,000 Ib) (105,500 1b) (128,000 1b)
Maximum GVW Scenario
. Interstate Q Primary
- Secondary and Urban
Figure 3.2.3-3 Change in Number of Trucks in the Traffic Stream (vehicles capable of

operating at GVW’s of 36,300 kilograms (80,000 lbs) or greater)
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Only nominal changes occurred in the total volume of traffic operating on the highway
system under all scenarios. Total vehicle miles of travel (for all vehicles) was calculated to
increase by only 0.9, 0.8, and 0.1 percent in the 36,300; 39,900; and 47,900 kilogram (80,000;
88,000; and 105,500 1b) scenarios, respectively, relative to the existing vehicle miles traveled. A
nominal decrease in vehicle miles of travel (0.3 percent) was predicted in the 58,100 kilogram
(128,000 1b) scenario.
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4. PHYSICAL IMPACTS

4.1 GENERAL REMARKS

Changes in the maximum allowable GVW of the vehicles that operate on the highway
system could affect the performance and design requirements of the highway infrastructure. The
primary elements of the system that are sensitive to load related issues are the pavements and the
bridge system. Pavements are most directly affected by the magnitude, type, and number of axle
loads they experience. While the maximum allowable axle loads are the same under all of the
scenarios considered herein (and in compliance with existing axle load regulations), pavement
demands could still change under each scenario as commodities are shifted to vehicles with
different axle configurations and axle weights, and as different numbers of trips are required to
ship the same total amount of goods on the highway system. Therefore, analyses were done to
determine how the remaining life of existing pavements and future pavement designs would
change under each scenario.

Bridges are sensitive to the magnitude and spacing of the axle loads they are exposed to
as they are traversed by various vehicles. Allowable combinations of axle load and spacing that
a bridge can carry are further affected by the span length(s) of the bridge and its structural
classification (simple or continuous). With the exception of the 58,100 kilogram (128,000 Ib)
scenario, the vehicles in the scenarios considered in this study meet the existing regulations in
Montana that were enacted to limit the demands vehicles place on bridges. These regulations
control the axle spacings, axle weights, and maximum gross vehicle weights of vehicles that
operate on the system by way of the Federal Bridge Formula. Questions have been raised,
however, regarding the ability of existing laws to insure that bridges are only subjected to loads
that they can safely carry. Therefore, the demands placed on the bridge system by typical
vehicles from all scenarios were reviewed with respect to bridge capacity. These analyses were
performed using a reliability based approach to assessing structural capacity, rather than the
working stress based approach used in many previous infrastructure studies (e.g., TRB,1990a;
FHWA , 1997). Reliability based methods of analysis provide greater assurance than working
stress methods that all structures provide a uniform and acceptable level of safety; such methods
have generally been adopted across all areas of structural engineering over the past 25 years.

While the focus of this study was on the impact of changes in maximum allowable GVW
on pavements and bridges, other features of the highway infrastructure that could be impacted by
such changes include its basic geometry, that is, items such as lane width, intersection width,
sight distances, minimum curve radii, etc. These characteristics of the system would primarily
be impacted only to the extent that GVW influences vehicle dimensions and handling
characteristics. Note that the existing system is already being used by all the vehicles under the
scenarios considered herein, except for the heaviest vehicles operating under the 58,100 kilogram
(128,000 Ib) scenario. Furthermore, the lowest GVW scenario, the 36,300 kilogram (80,000 Ib)
scenario, still allows long semi-trailer units (22.9 meters (75 ft)) to operate on the system.

Changes in the maximum GVW of vehicles allowed on the highway system can affect the
flow of traffic on the system, if the number and type of vehicles using the system changes
between scenarios. System safety is the most important consideration in this regard (and a
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consideration which is also related, among other things, to the handling characteristics of the
vehicles that use the system). Simple calculations were performed to obtain an indication of the
changes in the number of accidents that may occur under each scenario. A second consideration
with respect to traffic flows under each scenario was possible problems with system capacity
resulting from any increases in traffic volume. These issues were investigated and found to be, at
present, of only limited concern under Montana’s generally sparse traffic.

Finally, while not the focus of this study, items such as fuel consumption, air pollution,
and noise pollution may be influenced by changes in maximum allowable GVW, and these issues
were examined.

4.2 PAVEMENT IMPACTS
4.2.1 General Remarks

The impacts of the adoption of different maximum allowable GVWs on the pavement
were determined by a) estimating the demand expected to be placed on the pavement under the
existing and alternate scenarios proposed herein, b) determining the remaining life of existing
pavements under these demands, and c) calculating the required overlay thickness to meet these
demands in the future to extend the life of the pavement an additional 20 years. These
calculations were performed for a sampling of pavement segments from the entire interstate
system and from typical non-interstate NHS, primary, and secondary routes around the state.
These results were then extrapolated to cover each route in its entirety, and then further extended
to represent the situation across the entire system (including the 581 kilometers (361 miles) of the
urban system, which was not specifically sampled).

All impact calculations were performed for flexible pavements. Less than 5 percent of
the pavement on the state highway system is rigid, and the decision was made that a reasonable
representation of total system performance would be realized by considering just flexible
pavement.

4.2.2 Relationship Between Traffic and Pavement Demand

The damage sustained by a given pavement by the passage of a vehicle is affected by
several factors related to both the vehicle and the pavement. Important characteristics of the
vehicle include individual axle loads, axle configuration, tire configuration, tire size and
pressure. Pavement related parameters of interest include pavement type, thickness, subgrade
conditions, temperature, and present condition. Gillespie and his colleagues (1993) compiled an
excellent summary of the relationship between these various parameters and pavement damage.
Pavement demands and damage are generally viewed with respect to two mechanisms, (a)
immediate structural failure of the pavement under a few applications (or even under the single
application) of a severe demand, and (b) progressive fatigue and/or rutting failure of the
pavement under high cycles of moderate demand. Maximum local wheel load demands under all
the scenarios considered in this study are identical, as the maximum allowable axle loads are the
same in all scenarios (and consistent with existing Montana axle load limits). Thus, the potential
for immediate structural failure will be the same for all scenarios. The cyclic demands on
pavements are expected to change for each scenario, however, in response to changes in the
number and type of the trips taken in each regulatory situation.
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The effects of changes in cyclic pavement demand can be investigated using pavement
performance models. Considerable research has been done on developing mechanistic models to
relate the various vehicle and pavement characteristics listed above to pavement behavior and
performance, and some of these mechanistic relationships are beginning to be used in practice.
The recently completed federal cost allocation study, for example, used the nationwide pavement
cost model (NAPCOM), which relates axle loads to engineering response and finally to
pavement distress, to assess pavement demands under different axle loads (FHWA, 1997).
NAPCOM has only recently been developed, and it was not available for use in this study.
Therefore, more traditional models relating axle demands to pavement deterioration were used in
this study.

Empirical relationships have traditionally been used to predict pavement performance as a
function of a variety of parameters known to influence pavement damage. This situation has
emerged in light of the apparent complexity of the problem from a mechanistic perspective. A
well-known empirical approach used to quantify and design for fatigue type damage in
pavements is the AASHTO ESAL approach (AASHTO, 1993). While this design process and
the entire ESAL concept are not universally accepted, this is the design process currently used by
MDT. Therefore, this approach was used in this investigation. Comparisons between AASHTO
ESAL and NAPCOM results indicate that pavement damage does not increase as rapidly with
axle load in the NAPCOM model as it does under the AASHTO approach (Mingo, 1997). Using
the NAPCOM model, however, load related damage was found to be a greater fraction of total
damage than might be traditionally expected.

Following the AASHTO approach to pavement design, vehicle demands on pavements
are quantified in terms of equivalent single axle loads or ESALs (AASHTO, 1993). An ESAL
represents the relative amount of damage inflicted by a particular type of axle (e.g., single axle,
tandem, or tridem) under a specific load in terms of the number of passages of a single axle
loaded at 8,200 kilograms (18,000 Ibs) required to inflict an equivalent level of damage.
Relationships between ESALSs and axle loads were determined from the results of the AASHO
road test (Highway Research Board, 1962). In part of this test, sections of road were loaded with
repeated cycles of the same axle load until a predetermined level of deterioration was reached.
Deterioration was measured in terms of the present serviceability index (PSI), a parameter
specifically developed to provide a general indication of a pavement’s ability to serve traffic.
The index ranges from 1 to 5, with a value of 5 corresponding to pavement in excellent
condition. Pavements on major roads with a PSI of 2.5 are considered in need of repair. The
relationships between ESAL and axle load for single and tandem axles on the same pavement are
shown in Figure 4.2.2-1. Pavement damage decreases when the applied load is carried on closely
spaced axles compared to widely spaced axles. This effect has been attributed to favorable
interference in the stress patterns generated by the individual axles in the group. ESAL to axle
load relationships for tridems and quadrums were analytically developed from the single and
tandem axle expressions, as these axle configurations were not part of the AASHO road test
matrix. Thus, the validity of the tridem and quadrum relationships is less certain than the single
and tandem relationships.

The amount of damage sustained by a pavement under the passage of a particular axle
load is directly dependent on the type of pavement, its thickness, and the subgrade conditions. In
the case of flexible pavements, various combinations of materials, thicknesses, and subgrade
conditions can be collectively evaluated using the structural number (SN) (AASHTO, 1993).
Values for SN range between 1 and 6, with a value of 6 corresponding to the strongest/best
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flexible pavement. The influence of SN on the ESAL-to-axle load relationship is shown in
Figure 4.2.2-1. As might be expected, strong pavements are less affected by the passage of a
given axle load than weak pavements, as evidenced by the lower ESAL values for pavements
with higher SN values. ESAL values at the load ranges of interest, however, are relatively
insensitive to SN value.

The ESAL approach provides a tool for calculating the demand placed on a pavement by
a traffic stream of mixed vehicles operating at various weights. ESALSs can be calculated for
each axle of a vehicle based on the individual characteristics of the axles and then summed to
obtain the ESALs for the vehicle. These values can be further summed across all vehicles to
obtain the ESALSs for the entire traffic stream. Expected total ESALs of demand at a given
location can be used in the pavement design process following an approach published by
AASHTO that relates pavement thickness to, among other things, strength of the base, the
selected terminal condition at failure, and total ESALs of demand across its expected lifetime.

25
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Figure 4.2.2-1 Typical Axle Load to ESAL Relationships, SN=2.5 and SN=4.0 (based on
AASHTO (1993))

4.2.3 ESAL Calculations

- Calculations of ESAL demands were done for the existing and projected traffic streams
along the interstate and selected non-interstate NHS, state primary, and state secondary routes
around the state. The routes considered in this analysis are shown in Figure 4.2.3-1. Pavement
segments on both systems were sampled at 16 kilometer (10 mile) intervals along the length of
the routes analyzed.

The total ESAL demands at each location under each scenario were calculated from the
composition of the traffic stream at that location using average operating ESAL values for each
vehicle type. Average ESAL values for each configuration were calculated from the
weight/frequency distributions previously generated for each scenario according to the
procedures described in Section 3. A structural number (SN) of 3.5 was used for all pavements
in performing these calculations. While this SN value was judged to be appropriate for the
pavements in the state, it was also observed that ESAL magnitudes were relatively insensitive to
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this parameter across the range of realizations believed to be appropriate for this problem. A
terminal PSI value of 2.5 was used in all calculations, which is consistent with MDT practice.

The change in ESALs of demand predicted along the interstate, primary, and secondary
routes under each scenario is summarized in Table 4.2.3-1. Pavement demands nominally
increased on all systems under the 36,300 kilogram (80,000 1b) scenario compared to those under
the existing traffic stream. The smallest increase in demand, 2.6 percent, was observed on the
interstate system. The increases on the NHS and state primary and on the state secondary
systems were similar in magnitude and averaged around 6 to 7 percent. The relative magnitude
of these increases reflected the relative use of the various systems by the vehicles most affected
by the 36,300 kilogram (80,000 Ib) scenario. Under the existing weight regulations, axle weights
on heavy vehicles are often limited by the Federal Bridge Formula, rather than by the maximum
legal axle weights. Under the 36,300 kilogram (80,000 Ib) scenario, freight was shifted off these
vehicles onto vehicles with lower GVWs but which operate at higher individual axle (or axle
group) weights. Additionally, more trips were required to carry the same freight using 36,300
kilogram (80,000 Ib) vehicles compared to existing vehicles. In this situation, pavement damage
actually increased in moving the same total weight of freight as is presently carried on the
system.

Table 4.2.3-1 Predicted Changes in ESAL Demands, Projected Traffic Streams Versus the
Existing Traffic Stream

Percent Change in ESAL Demands by Scenario
36,300 kg 39,900 kg 47,900 kg 58,100 kg

Route (80,000 1b) (88,000 Ib) (105,500 Ib) (128,000 1Ib)

All Large All Large All Large All Large

Vehicles, | Trucks, | Vehicles, | Trucks, | Vehicles, | Trucks, | Vehicles, | Trucks,

% % % % % % % %
Interstate 2.6 29 0.3 0.3 -1.2 -1.3 1.1 1.2
Primaries. 6.0 8.6 3.2 4.3 -1.5 -2.1 3.0 4.0
Secondaries 7.4 12.3 5.8 8.8 -1.7 29 | 47 7.7

& Urban -

Total 3.2 3.8 0.8 - 0.9 -1.2 -14 1.4 1.7

Pavement demands increased for the 39,900 kilogram (88,000 1b) scenario, in a pattern similar to
that for the 36,300 kilogram (80,000 Ib) scenario. The increase in pavement demands, however,
was nominally less for the 39,900 kilogram (88,000 1b) scenario compared to the 36,300
kilogram (80,000 Ib) scenario. The 39,900 kilogram (88,000 Ib) scenario involved the use of
more 6 axle tractor, semi-trailers than the 36,300 kilogram (80,000 1b) scenario. Pavement
damage from the tridem axles on these trailers operating at their maximum allowable weight was
significantly less than that from the tandem axles on the trailers of the 5 axle units operating at
their full weight. Note that due to the perceived limited availability of 6 axle tractor, semi-
trailers in the existing vehicle fleet, much of the freight in this scenario was still shifted to 5 axle
tractor, semi-trailers. The increase in pavement demand for the 39,900 kilogram (88,000 1b)
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scenario would be less pronounced, if the use of 6 axle tractor, semi-trailers were to be more
prevalent than predicted herein.

A nominal reduction in pavement demands was observed for the 47,900 kilogram
(105,500 Ib) scenario compared to the demands placed on the pavement by the existing vehicle
fleet. Pavement demand dropped by 1.2 percent in this scenario. Many heavy vehicles already
operate at GVWs that range from 47,900 to around 52,200 kilograms (105,500 to around 115,000
Ibs). In most cases, the assumption was made that operators of these vehicles would simply limit
their gross weights to 47,900 kilograms (105,500 Ibs) which would result in lower axle loads and
less pavement damage per trip. The reduction in pavement damage per trip was sufficiently large
to overcome the negative effects of the nominal increase in the number of trips required to haul
the same amount of freight as presently moves on the system.

Pavement demands nominally increased (1.5 percent) in the 58,100 kilogram (128,000 1b)
scenario relative to the pavement demands under the existing traffic stream. In direct contrast to
the 47,900 kilogram (105,500 1b) scenario, existing configurations under the 58,100 kilogram
(128,000 Ib) scenario were allowed to operate at higher GVWs than are presently legal.
Increasing the gross weight on these vehicles while keeping the same axle configuration resulted
in higher axle loads than are currently used. These higher axle loads generated increased
pavement demands under this scenario, despite the nominal decrease in the total number of trips
required to move the same quantity of freight.

4.2.4 Remaining Life/Future Overlay Predictions

The remaining service life of existing pavements and the characteristics of the subsequent
overlays required to provide repeated cycles of 20 years of service were estimated under each
scenario using a damage model based on the AASHTO ESAL concept (AASHTO, 1993). These
calculations were driven by the ESAL demands calculated above. Traditionally, pavements have
been designed to resist some total number of repetitions of load expressed in ESALs and some
level of absolute maximum wheel load. The maximum wheel loads allowed under the size and
weight scenarios considered herein remained unchanged, thus failure of the pavement in a single
load event was no more or less likely than under current conditions. The ESALs of demand
changed for each scenario, however, as freight was loaded and moved on different vehicles.

To predict remaining pavement life, the basic AASHTO design equations were used in a
fashion similar to that used by Deacon (1988) in a TRB study of truck size and weight (TRB,
1990a). The basic design approach was modified following the work of Deacon (1988) to
address environmental effects (Stephens, et al, 1996). The thickness of the overlay required at
the end of the remaining life of each pavement section required to provide 20 more years of
service was calculated using this same performance model. In this case, the ESALSs and
environmental demands over the 20 year design life were known, the structural number required
was calculated, and a pavement thickness to produce this structural number was determined.

In general, these various calculations found that the remaining service life of existing
pavements would change by less than 1 year across all the scenarios. The average change in
overlay thickness was less than 1.0 percent (note that a minimum overlay thickness of 0.82 meter
(0.25 ft) was enforced).
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4.2.5 Pavement Costs

The impact on pavement costs of adopting the maximum allowable GVWs considered in
this study were calculated using the remaining life and overlay thickness information generated
above. These impacts were expressed for each scenario in terms of an equivalent uniform annual
cost (EUAC). These costs were calculated for the entire interstate system and typical routes on
the primary and secondary systems, with the results extrapolated as necessary across the entire
system. In each case, costs of the required overlays were calculated in terms of 1998 dollars and
then adjusted to the actual cash flow based on when the first overlays were required.

Overlay costs in 1998 dollars were calculated using generic cost information provided by
MDT (see Table 4.2.5-1) multiplied by a factor of 1.5 to cover internal MDT costs incurred on
each project. Overlay cost was expressed as an EUAC using the equation,

i1+ (1 + iy

EUAC = P,,
1+dr-1 A+ -1

where,
P, = present cost of overlay
ng, = remaining life of present pavement
ny, = design life of overlay (assumed = 20 years)
n = total number of periods being considered (assumed = 75 years)
1 = discount rate (assumed = 7 percent)

Table 4.2.5-1 Basic Cost Data for Overlays (adapted from information from Wissinger, 1995)

Item Unit Cost,
dollars/metric ton
($/ton)
Bituminous Asphalt 265
(240)
Aggregate 11 A -
(10)
Placement Cost - . 1.~ 11
(10)
Sealer 237
(215)
Cover Aggregate 22
(20)
Mobilization 6 % of total cost
Traffic control 4 % of total cost
Miscellaneous 14 % of total cost




The EUAC values calculated for all scenarios were similar in magnitude and were around
$125 million. The change in overlay costs for each GVW scenario, calculated with respect to
pavement costs under existing GVW regulations, are presented in Table 4.2.5-2.

Table .4.2.5-2 Relative Overlay Costs for Each Scenario, Expressed as an EUAC

Change in Overlay Costs by Scenario, Millions of Dollars
System

36,300 kg 39,900 kg 47,900 kg 58,100 kg

(80,000 1b) (88,000) (105,500 1b) (128,000 1b)

$ % $ % $ % $ %
Interstate 0.25 0.58 0.02 0.05 -0.17 -0.38 0.06 0.14
Primary 1.12 1.89 0.63 1.13 -0.39 -0.65 0.53 0.90
Secondary 0.18 0.76 0.20 0.84 -0.02 -0.08 0.14 0.62
Total 1.55 1.17 0.85 0.67 -0.58 -0.45 0.73 0.55

The change in EUACs ranged from an increase of $1.5 million under the 36,300 kilogram
(80,000 Ib) scenario to a decrease of $0.6 million under the 47,900 kilogram (105,500 1b)
scenario. These values represent an increase of 1.2 percent and a decrease of 0.5 percent,
respectively, relative to comparable costs under the existing traffic stream. The percentage
change in cost was consistently less than the percentage change in ESALSs of demand, as has been
observed by other investigators (Stephens, et al,1996; Khalil, 1996; Deacon, 1988). The
marginal change in costs relative to increase in ESALs of demand is greater for the primary
system than for the interstate system. Thus, the increase in ESALS of demand is more readily
accommodated on the stronger interstate pavements compared to the primary pavements.

Note that pavement maintenance costs were assumed to remain constant under each
scenario. With respect to existing pavements, the assumption was made that the level of
maintenance work would remain constant under each scenario, and that the remaining life of the
pavement would change in response to the different pavement demands under each scenario.
With respect to new pavements, the assumption was made that all new designs would be done to
accommodate the expected increase or decrease in demands under each scenario, and that these
pavements would then receive similar maintenance treatment throughout their service lives.

4.3 BRIDGE IMPACTS
4.3.1 General Remarks

The important aspects of bridge performance that could possibly be affected under each
GVW scenario were safety, serviceability, and durability. While compromises can be made with
respect to serviceability and durability in the interest of transportation efficiency, the fundamental
safety of the existing bridge system must always be maintained. The strength and safety of the
bridge system was addressed by doing a reliability based safety analysis of the system under the
demands generated by selected vehicles from each scenario. Note that as previously mentioned,
only the 58,100 kilogram (128,000 1b) scenario includes vehicles that place demands on the
bridge system in excess of those which it already routinely experiences. Detailed analyses of
bridge serviceability and durability were not conducted as part of this study. A review of existing
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information on these issues indicated that the system will offer similar serviceability and
acceptable longevity under all of the scenarios considered in this study.

4.3.2 Strength/Safety

Bridge safety was assessed under each scenario using a reliability based safety analysis.
The philosophy behind this approach to bridge analysis is to insure that bridges provide the
motoring public with a uniform and acceptable level of safety across a variety of situations. This
approach to assessing bridge capacity contrasts with traditional approaches, which utilize a
uniform level of maximum stress (rather than a uniform level of safety) in determining the load
carrying capacity of a bridge. The safety based approach to assessing capacity acknowledges the
differences in uncertainties associated with the different types of loads a bridge must carry, as
well as differences in absolute level of demand based on traffic levels and other factors. This
type of approach to capacity assessment is referred to as reliability based because its objective is
to ensure a consistent level of reliability in structural performance, where reliability is defined as
the probability that a structure will perform its intended function for a specified period of time
under a given demand situation.

One implementation of reliability based structural analysis evaluates the adequacy of a
structure under a given demand in terms of the reliability index f. The magnitude of the
reliability (or safety) index B calculated in this type of analysis is a direct reflection of the
underlying level of safety offered by the structure under the given demand. The larger is B, the
lower is the probability of failure, and the greater is the margin of safety of the structure. An
approximate correlation between the value of the reliability index and probability of failure is
presented in Table 4.3.2-1. The adequacy of a given structure to carry some load of interest is
evaluated by comparing the calculated B value for the structure with a minimum acceptable B
value for the situation. The calculated p value reflects the configuration and properties of the
structure, the level and type of the given demand, and the uncertainties associated with each of
these quantities. The minimum acceptable magnitude of B is determined by the probability of
failure that the user or designer of the structure is willing to accept. For some types of structures,
this value can be estimated based on the historical performance of existing structures. A B value
of 2.7 was assumed as the threshold for acceptable safety in this study, as is discussed further
below.

Table 4.3.2-1 Approximate Correlation Between Reliability Index and Probability of Failure
(from Moses and Verma, 1987) -~

Reliability Index, | Probability of Failure,

p Ps

1.5 0.07
2 0.023

2.5 0.006
3 0.001

3.5 0.0002
4 0.00003
5 107
6 10°
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The safety index, B, for each bridge on the state highway system was calculated using the
following expression:

_ In(R/S)
N

where R =resistance of the bridge
S =demand on the bridge
Vg = coefficient of variation of the resistance
Vs = coefficient of variation of the demand

A brief summary of the manner in which this equation was evaluated in this study is given
below; a more detailed description of the evaluation procedure is presented in Appendix C. The
evaluation procedure was closely patterned after an approach developed by Moses and Verma
(1987) for this purpose. A procedure of this type was also recently used to evaluate the adequacy

of the Ontario bridge system under various vehicles (Ministry of Transportation of Ontario,
1997).

In evaluating this expression for each bridge, capacity and demand were measured in
terms of bending moment in the primary structural system in the span-wise direction of the
bridge (typically in Montana, some sort of stringer system). Previous work by Stephens and his
colleagues (Stephens, et al 1996) indicated that this type of demand (bending moment) generated
in this element of a bridge structure (e.g, longitudinal stringers) typically controlled the capacity
of the structure. This observation was confirmed through discussions with MDT (Murphy,
1998). Note that other major structural elements of a bridge typically consist of the deck, which
is supported by the stringer system, and the bents or abutments, which support the stringer
system. Decks on existing structures typically were over-designed with respect to strength.
Their subsequent in-service performance appears to be only nominally affected by load related
factors (Stephens, et al 1996). The bents and abutments that support the stringers are generally
designed consistent with the loads delivered to them by the stringers, and thus have a consistent
capacity with the stringers.

The capacity of the primary structural system in the span-wise dlrectlon of each bridge
was estimated using information contained in the state bridge inventory (MDT, 1994). The
bridge inventory contains over 90 items of information on each bridge, from which it was’
possible to estimate a load rating for each bridge. The inventory information was insufficient,
however, to perform detailed structural analyses on individual bridges. In this case, bridge
capacity was estimated based on information in the inventory on structure type, age, span length,
and load rating. Th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>