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EXECUTIVE SUMMARY

In order to quantify state highway damage, we seek to identify and evaluate the impacts
of overweight vehicles on pavement. Since ancient times, pavements have played a vital
role in trade and transportation throughout the world. Today, in the State of Arizona, the
Arizona Department of Transportation (ADOT) and the ADOT Motor Vehicle Division
(MVD) undertake the burden of law enforcement policies and activities associated with
size and weight of vehicles on Arizona highways. Each year, overweight vehicles
account for millions of dollars of damage connected with the life span, design, and
maintenance of state highways and structures. Improvements are now needed on the
roads and at all of the 22 Arizona ports in order to maintain the state’s role as an
economic powerhouse for freight activity in the years to come. Consequently, the results
of this study may not only benefit the State of Arizona, but also other states and countries
that face escalating costs associated with pavement fatigue and overweight vehicle
enforcement challenges.

Through survey techniques and a canvass of the literature, we identify the methods and
expenditures that other states use for overweight vehicle issues and mobile enforcement
units. We also introduce a unique truck lane design to aid mobile enforcement agents and
minimize pavement damage. Arizona currently budgets about $5.8 million per year for
mobile enforcement efforts aimed at, among other things, penalizing and deterring
overweight vehicle operations in nearly 113,642 square miles of Arizona land area. The
ADOT Simplified Highway Cost Allocation Model allows us to estimate that illegally
overweight vehicles impose somewhere between $12 million and $53 million per year in
uncompensated damages to Arizona roadways.

The ADOT Simplified Highway Cost Allocation Model estimates that savings from
avoided pavement damage would range from $6 million to $27 million per year if a
doubling of the mobile enforcement budget were 50% effective toward the objective of
eliminating illegally overweight vehicles from Arizona roadways. At the lower figure,
the expansion of mobile enforcement would be a small improvement over a “break-even”
proposition. The savings from avoided pavement damage would slightly exceed the cost
of the program. Any safety gains from detecting and taking out-of-service vehicles with
safety deficiencies would come on top of the pavement damage avoidance gains. At the
higher figure, the expansion of mobile enforcement would have about a four- or five-to-
one benefit/cost ratio. That is, for every dollar invested in motor carrier enforcement
efforts, there would be $4.50 in pavement damage avoided.






INTRODUCTION

Pavement fatigue is proportional to repetitive loadings. These loadings, attributed to
traffic growth, generate pavement damage at earlier, faster, and costlier rates. The
volume of truck traffic increases rapidly as the Interstate Highway System becomes
available and popular. The overloaded truck, whether legal or illegal, contributes to
premature pavement fatigue. These challenges lead to the need to develop new methods
of pavement damage estimation and fatigue reduction techniques.

The estimation of damage to state highway systems by overweight vehicles involves
several variables. These may include the following, when available:

Traffic counts for various segments, categorized by vehicle configuration.

Weigh-in-motion (WIM), bridge and static scale measures for vehicles of
various configurations.

Highway spending related to overweight vehicle traffic.

Commercial vehicle permits and/or registrations by weight class and
configuration.

Weight distance tax collections for years prior to the repeal of this tax.
Weight citations recorded by state enforcement personnel.
Diesel fuel consumption data’.

Overweight vehicle enforcement remains a problem in most U.S. states. As our survey
demonstrates, the port and mobile enforcement crews are understaffed and/or under
funded. Some lack qualifications or skills necessary to adequately detect and monitor
overweight trucks. There are few ports equipped with cutting edge technology to
adequately identify overweight truck violations. Ernzen reports that some ports are
closed more hours than they are open.” These circumstances lead to an inadequate
enforcement of penalties for illegal overloads. Operators of illegally overloaded vehicles
may also escape fines due to the failure of the judicial or administrative procedures
dealing with detected violators. Billions of dollars are spent each year to replace and
repair U.S. highways. Fines for illegal overloading are, therefore, not often correlated
with the actual cost of pavement damage. Effectively monitoring and controlling truck
weights are paramount to road preservation and minimization of pavement costs.

Ultimately, the regulations that U.S. states uphold are intended to balance the economic
benefits of commercial vehicle operations, particularly through large trucks. Nearly
everything we own, eat, use, grow, or manufacture is carried by truck at least part of its

! Straus, S. H. 2005. pending publication.
2 Ernzen, J. M. 2005, Port Runners — Impacts and Solutions. FHWA-AZ-05- 563. Phoenix, Arizona:
Arizona Department of Transportation.



journey. Trucks transport nearly three-fourths of the value and nearly two-thirds of the
tonnage of all manufactured goods and raw materials shipped across the USA.?
Trucks are vital to the economy; illegal overweight trucks are not.

® General Accounting Office . 2005. Large Truck Safety: Federal Enforcement Efforts Have Been
Stronger Since 2000, but Oversight of State Grants Needs Improvement. GAO-06-156. Washington, D.C.



FEDERAL TRUCK SIZE AND WEIGHT LIMITS

History

Federal Law regulates truck size and weight limits on interstate highways, national
forests, national parks, and other federal lands. Some exceptions include those standards
by “grandfather” right and provision for special permits.* The Surface Transportation
Assistance Act (STAA) of 1982 requires U.S. states to allow larger trucks on the National
Network, which is comprised of the Interstate system plus the non-Interstate Federal-aid
Primary System. All Federal and state laws, directly or indirectly, affect the quality and
performance of pavement on our nation’s highways.

In 1941, Congress directed the Interstate Commerce Commission (ICC) to consider
federal regulation of the sizes and weights of freight-carrying motor vehicles that were
involved in interstate or international commerce. In 1956, the Federal Government
initiated a program to regulate truck size and weight limits in order to improve federal
investments in the Interstate Highway System. According to the DOT (2000):

“A maximum gross weight limit of 73,280 pounds was established along with
maximum weights of 18,000 pounds on single axles and 32,000 pounds on
tandem axles. Maximum vehicle width was set at 96 inches.... States having
greater weight or width limits... were allowed to retain those limits under a
grandfather clause.” °

In 1975, a spike in fuel costs led the Congress to increase the allowable gross weight and
axle weight limits. The U.S., through the STAA of 1982 (P.L. 97-424), adopted federal
weight limits on Interstate Highways. Large trucks, such as 48-foot long semi-trailers,
among others with prescribed minimum dimensions, were to be allowed on a National
Network. A freeze on the expansion of operations on long combination vehicles
followed in the Intermodal Surface Transportation Efficiency Act of 1991 (ISTEA) (P.L.
102-240).

The Comprehensive Truck Size and Weight Study® thoroughly examines issues associated
with potential modifications of the current Federal truck size and weight (TS&W) limits.
These include a foundation for cost and benefit analyses.

In U.S. states, overweight permits are typically issued to routine overweight trucks. Fees
are charged for these permits. These are intended to correspond to the additional
infrastructure costs associated with the overweight vehicle. Sometimes these fees may
cover only administrative costs of permit issuance. When moves often require special
equipment and routing, permits may be issued for transports that involve heavier loads.

* Comprehensive Truck Size and Weight Study, Final Report. Batelle Team, Federal Highway
Administration, US Department of Transportation, August 2000.

> Ibid.

® Ibid.



Current Federal Lawsand Proposals
Federal law currently includes the following limits:

e 20,000 pounds for single axles on the Interstate System.

e 34,000 pounds for tandem axles on the Interstate System.

e Application of the Federal Bridge Formula for other axle groups up to the
maximum of 80,000 pounds gross vehicle weight on the Interstate System.

Tandem axles are generally defined as two or more consecutive axles that are more than
40 inches but not more than 96 inches apart.’

From time to time, there have been proposals to increase the federal truck size and weight
limits. Such proposals are controversial. Additional infrastructure costs, disruption of
traffic flow, financial impacts on competing railroads, and potential adverse impacts on
safety are all possible byproducts of increasing federal truck size and weight limits. As
distance increases, rail appears as the preferred method of transportation. It is impossible
to predict the extent to which U.S. states would allow larger and heavier vehicles to
operate if no uniform nationwide criteria were in place. Yet, pavement quality and
performance characteristics are ultimately shaped by truck size and weight policies.
Trucks exert loads and vehicle forces on pavement. Therefore, pavement design must
account for load distribution. Traffic volume, tire loads, axle configuration, vehicle
speed, tire configuration, and load repetition, among others, all affect pavement.

Highway Safety I mplications

Truck volume is a function of Federal truck size and weight restrictions. An increase in
truck volume, especially among the very large and overweight motor carriers,
compromises the safety of other motorists. Trucks contribute to congestion, traffic
delays, and pavement fatigue. These increase the likelihood of a collision, injury, or
fatality on the nation’s highways. Overweight vehicles not only create infrastructure
damage issues, but safety risks as well.®

The Feasibility of Truck-only Lanes

Over the last 20 years, the volume of combination vehicles has doubled. By 2020,
commercial truck travel may increase significantly and surpass all other vehicle travel in
the U.S. Truck-only lanes are being proposed on some U.S. highways to accommodate
the demand for large truck and commercial travel. These lanes, typically separate from
high-speed traffic and other mixed-flow traffic, are allowed for the exclusive use of
trucks. Few truck-only lanes exist in the USA. While trucks are restricted to certain

" Arizona State Legislature. 2005. The Arizona Revised Statutes , 28-1100. Vehicles and loads; gross
weight restrictions; exception. 46™ Legislature, 2™ regular session.

& Weight Tolerance Permits, Research Report 1323-2F, Texas Transportation Institute, Texas A&M
University System and Texas Department of Transportation, 1994.



lanes in most states, all vehicles are permitted use of the same lanes. According to a
recent feasibility study conducted for the California Department of Transportation
(CALTRANS), “....exclusive truck lanes were the most plausible for congested highways
where three factors exist: (1) truck volumes exceed 30% of the vehicle mix, (2) peak hour
volumes exceed 1,800 vehicles per lane-hour, and (3) off-peak volumes exceed 1,200
vehicles per lane-hour.”

The construction of truck-only lanes may ultimately improve safety and reduce traffic
congestion. According to The Road Information Program (TRIP),'® National Highway
Traffic Safety Administration (NHTSA) data from U.S. highways from 1998 to 2002
seem to support truck-only lane proposals. One-lane traffic fatalities involving large
trucks account for about 0.5% of traffic fatality collisions in all lanes. Large truck traffic
fatalities are highest in two lanes (75.5%) and four lanes (12.2%). Fatalities involving
large trucks are greatest where the posted speed limit is 55 mph (37.8%) and 60 mph or
higher (35%). The lower the posted speed limit, the fewer the number of large truck
fatalities. In Arizona, an average of 100 people are Killed in large-truck collisions each
year.

Samuel et al.™* present an interesting concept of “self-financing inter-city toll truckways,”
where heavy truck lanes are fitted with continuous concrete safety barrier(s) and
“dedicated ingress and egress ramps and staging areas.” A truckway is envisaged to
exist “....either in its own right of way separate from any other roadway or located within
the right of way of a limited-access highway, but which is completely separated from the
mixed traffic lanes... and... fully grade separated and access controlled and may be one
or two lanes in each direction.”

However, these custom-built and designed truck “freeways within-the-freeway” would
involve considerable time and expense to construct. In-depth safety and economic
analyses would be needed to prove such feasibility for the following reasons, among
others:

e Jersey barriers or concrete traffic dividers are typically designed to minimize
damage and reduce the likelihood of a car crossing into oncoming lanes in the
event of a collision.™

e Collisions that could occur in such truck “freeways within-the-freeway” could not
only cost lives but additional collisions since heavy truck drivers would not have

® California Department of Transportation (CALTRANS). 2004. “Truck-Only Lanes.” CALTRANS:
Traffic Operations Program, Office of Truck Services. May 24, 2004.

< http://www.dot.ca.gov/hg/traffops/trucks/trucksize/fs-trucklanes.htm>

1% The Road Information Program. 2004. America’s Rolling Warehouses: The impact of increased
trucking on economic development, congestion, and traffic safety.
http://www.tripnet.org/TruckingReport020904.PDF

1 Samuel, P., R. W. Poole, Jr., and J. Holguin-Veras. 2002. Toll Truckways: A New Path Toward Safer
and More Efficient Freight Transportation. Policy Study 294. Los Angles, California: Reason Public
Policy Institute.

12 McDevitt, C. 2000. “Basics of Concrete Barriers.” In Public Roads. March/ April 2000. Volume 63.
Number 5. Available from: <http://www.tfhrc.gov/pubrds/marapr0O0/concrete.htm>



the option to easily switch to one or more traffic lanes in the event of an
emergency or to avoid a bottleneck.

e Concrete barriers of various dimensions, specifically heights and thicknesses, as
well as different mechanisms of reinforcement and shapes, may be required for
safety purposes.

Of all the states, Arizona demonstrates the highest percentage increase (78%) in large
truck travel over the 1998 to 2002 period. Large trucks pose a significant economic cost
due to accelerated fatigue on the pavement. The pavement fatigue also increases vehicle
wear that may impact vehicular performance and maintenance costs. Consequently,
truck-only lanes might reduce the high costs associated with pavement maintenance and
replacement. The accelerated pavement fatigue might then be limited to the truck-only
lanes rather than all of the other lanes shared with all other motorists. The truck-only
lanes would also aid roving enforcement agents in identification and tracking of suspect
overweight vehicles. Truck-only lanes may not only prove to be a safe choice, but an
economically feasible one as well.

We, therefore, introduce truck-only lane designs™ that may be equipped with special
sensors to allow mobile enforcement crews to remotely detect the presence of overweight
trucks. These designs, as developed by ESRA Consulting Corporation ™, offer a
significant and cost-effective improvement over others. Such lanes may be created
within new or existing lanes to reduce costs. All trucks may drive on these lanes and
therefore limit excess pavement damage to these lanes. Tolls may be an option based on
the penalties assessed to illegally overweight truck drivers. Some states, however, may
eventually add tolls to truck only lanes. Since these lanes are not fitted with any special
sensors as we prescribe, all heavy truckers would be levied a toll. Therefore, our truck-
only lane designs may ultimately improve safety, optimize pavement design, and strike a
balance between the trucking industry, our government, and stakeholders. Since the
safety implications of any new or existing lane construction requires consideration,
further studies are now needed to aid in the development of truck-only lanes in Arizona
and other states. However, their study, development, and implementation will not be
possible without policy reforms by the state and federal government.

3 For more information about these truck-only lane designs, please contact Sandy H. Straus, ESRA
Consulting Corporation, 1650 South Dixie Highway, Third Floor, Boca Raton, Florida 33432, Telephone:
561-361-0004, e-mail: trucks@esracorp.com.



. MAGNITUDE OF OVERWEIGHT VEHICLE IMPACTS

Pavement Types

Flexible and rigid pavements are the two primary types of hard surfaced pavements.
Flexible pavements are the most common. These cover 93% of all U.S. roads.
Bituminous (asphalt) materials comprise flexible pavements. These are “flexible”
because the traffic loads cause the total pavement structure to “bend” or “deflect.”
Flexible pavement design allows surface load stress to wane with depth. A layered
system with progressively weaker materials generally provides adequate strength to resist
the load stress. Pavements comprised of Portland cement concrete (PCC) have high
stiffness and are therefore referred to as “rigid.”** The distribution of load over a
subgrade, “the suspension system” of the pavement varies according to pavement type.™
However, pavement structure, mix design, and subgrade all influence the life and
performance of the pavement.

Pavement Design

The design and analysis of pavement structures are primarily dependent upon traffic data.
The American Association of State Highway and Transportation Officials (AASHTO)
pavement damage equivalency equations and Highway Performance Monitoring System
(HPMS) pavement functions govern the use and application of such data.

Various procedures are used and identified in the 1993 AASHTO Guide for Design of
Pavement Structures.'® For example, it is possible to convert a mixed traffic stream of
different axle loads and axle configurations into a design traffic number. This can be
achieved by converting each expected axle load into an equivalent number of 18 kip-
single-axle loads, known as equivalent single-axle loads (ESALS).

The AASHTO damage concept, however, has some limitations. According to the Texas
Transportation Institute, the AASHTO damage concept is based on a serviceability
index.}” Some significant forms of damage such as bleeding or flushing of asphalt
pavements are not directly integrated. Heavy loads on asphalt surfaces that have been
designed for lighter loads may create this type of damage. A loss of skid resistance may
result. This may be the byproduct of too much or too soft asphalt utilized for pavements
supporting the heavy loads. A seal coat may be applied with an adequate quantity of
asphalt to reduce heavy truck damage.

“ Hawaii Asphalt Pavement Industry. 2003. Available from:
http://www.hawaiiasphalt.com/HAPI/modules/04_pavement_types/04_pavement_types.htm

15 United States Department of Transportation. 1998. Videotapes Explain the How and Why of Laboratory
Test for Resilient Modulus. Focus, July/ August.

18 Guide for Design of Pavement Structures, Document Number: AASHTO GDPS-4, American
Association of State and Highway Transportation Officials (Jan-1993).

7 \Weight Tolerance Permits, Research Report 1323-2F, Texas Transportation Institute, Texas A&M
University System and Texas Department of Transportation, 1994.



Pavement Maintenance and L ife Span

Highway maintenance and condition are dependent on several variables, including but
not limited to: climate, pavement layer thickness, pavement material quality,
maintenance, roadbed soil properties, temperature, quantity and weights of axle loads and
truck configurations on the pavement.

Pavements are typically designed for an economic life of 20 years."® Georgia’s
highways, for example, are engineered to sustain average traffic over a 20-year period.?
Bridges, however, are typically designed with an economic life of 75 years.”* These life
spans pose a challenge for transportation infrastructure facilities to support a specified
design load or number of load repetitions. The load characteristics of the anticipated
traffic over the targeted useful design life of the structure are needed and not always
available.

Ideally, quality pavement is designed to last 30 years. However, fatigue may accelerate
deterioration and result in earlier replacement. Since traffic volume is heaviest on the
highways, and truck traffic continues to increase each year, pavement replacement may
often be needed in less than ten years. Pavement fatigue remains the greatest threat to the
quality and performance of every road.

Pavement Fatigue

Historically, highway infrastructure protection has been the primary consideration in
determining truck size and weight limits.”* Weights and dimensions of trucks tend to
influence the costs that highway agencies must bear to construct and maintain a highway
system to serve present traffic and that anticipated in the future. Pavement deterioration
accelerates with axle weight, the number of axle loadings, and the spacing within axle
groups. The axle loads and spacing on trucks also affect the design and fatigue life of
bridges. Truck dimensions influence roadway design -- truck width affects lane widths,
trailer or load height affects bridge and other overhead clearances, and length affects
intersection and curve design. Truck designs are determined by existing pavement and
bridge strength and roadway geometry. Pavement failure is dependent on numerous
variables, including but not limited to climate, environmental factors, materials, design,
traffic, and usage. Since pavement damage increases with time, it is virtually impossible

'8 Comprehensive Truck Size and Weight Study, Final Report. Batelle Team, Federal Highway
Administration, US Department of Transportation, August 2000.

9 Leidy, J. P., Clyde E. Lee and Robert Harrison. 1995. Measurement and Analysis of Traffic Loads
Across the Texas-Mexico Border. Center for Transportation Research, University of Texas at Austin. For
Texas Department of Transportation.

% performance Audit: Georgia Department of Transportation Permits and Enforcement Program,
Performance Audits Operations, Department of Audits, State of Georgia, March 2000.

2! Jooste, F.J., E.G. Fernando, Victoria. Superheavy Load Move: Report on Route Assessment and
Pavement Modeling, Cooperative Research Program Research Report 1335-1, Texas Transportation
Institute, Texas A&M University System, October 1994.

22 Comprehensive Truck Size and Weight Study, Final Report. Batelle Team, Federal Highway
Administration, US Department of Transportation, August 2000.
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to pinpoint any specific illegally overweight truck to quantify its independent
contributions to such damages. New construction costs, risks to public safety, and
additional design requirements for the infrastructure are all byproducts of pavement
fatigue.”®

Cracking and/or joint-related problems create rigid pavement failure. This occurs when
the tensile stress (from loading, temperature, etc.) exceeds the modulus of rupture.?* In
theory, the concrete is expected to have an infinite life if the stress ratio is below 50%. In
practice, this may be a challenge. When the stress ratio exceeds 50%, the number of load
cycles to failure decreases rapidly.

Axle groups, such as tandems or tridems, influence pavement load distribution.
According to the Comprehensive Truck Size and Weight Study, these groups allow greater
weights to be carried and result in the same or less pavement distress than that occasioned
by a single axle at a lower weight.?® Pavement life and performance is also affected by
the spread between two consecutive axles. The greater the spacing, the more each axle in
a group acts as a single axle. Additionally, the steering axle of a truck can cause
significant damage to pavement.”® Some observations show more total deflection under
the steering axle than under the trailer axle. This may be due to horizontal offsets of
steering tires versus dual trailer tires, tractor suspension system dynamics, and/or
consistent static weight (tractor) loading on the steering axle, regardless of vehicle
payload.

According to the American Concrete Pavement Association, ESALs are defined as the
“summation of equivalent 18,000-pound single axle loads used to combine mixed traffic
to design traffic for the design period.”?’” ESALSs are sometimes used to compare relative
pavement impacts of various truck configurations with different numbers and types of
axles.”® Increases in axle load correspond to increases in pavement fatigue.

Traffic loadings greatly impact thinner pavements. Traffic loadings, coupled with
environmental conditions, especially in places of variable climate, also accelerate the rate
of pavement fatigue. Axles are the fixed bar or beam with bearings at its ends on which
truck wheels revolve. The DOT reports that the net effect in axle spacing changes on

%8 pPreserving Highway Infrastructure Using Weigh-In-Motion (WIM). Dr. A.T. Bergan, Norm Lindgren,
Dr. Curtis Berthelot , Bob Woytowich, University of Saskatchewan & International Road Dynamics Inc.,
November 1998.

# Kilareski, W.P., “Heavy Vehicle Evaluation for Overload Permits,” Rigid and Flexible Pavement Design
and Analysis, Unbound Granular Materials, Tire Pressures, Backcalculation, and Design Methods,
Transportation Research Record 1227, 1989.

% Comprehensive Truck Size and Weight Study, Final Report. Batelle Team, Federal Highway
Administration, US Department of Transportation, August 2000.

% \Weight Tolerance Permits, Research Report 1323-2F, Texas Transportation Institute, Texas A&M
University System and Texas Department of Transportation, 1994.

27 American Concrete Pavement Association. 2005. http://www.pavement.com/

28 Comprehensive Truck Size and Weight Study, Final Report. Batelle Team, Federal Highway
Administration, US Department of Transportation, August 2000.
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pavement deterioration is complex and highly dependent on pavement structure.?® Tire
characteristics vary according to materials, design, and manufacturer, among other
variables. Consequently, the accelerated rutting of pavement is sometimes associated
with tire characteristics. Wide-base single tires lack strong rut resistance and tend to
cause 1.5 times more rutting than dual tires on the flexible pavements.

In a laboratory, pavement impacts are observed by applying distresses and strains to
different pavement samples. These pavement distresses are standardized to an 8,000-
pound axle equivalent through use of Load Equivalency Factors (LEF), which can
differentiate between distresses, rather than an ESAL. Pavement distresses may include
alligator (fatigue) cracking, bleeding, block cracking, corrugation and shoving,
depression, joint reflection cracking, longitudinal cracking, patching, polished aggregate,
potholes, raveling, rutting, slippage cracking, stripping, transverse (thermal) cracking,
and water bleeding and pumping. The reader is referred to the website of Hawaii’s
Asphalt Pavement Industry in order to view photographs and information concerning
each of these forms of pavement distress. *°

Aged asphalt pavements are susceptible to stiffness and brittleness due to an increase in
viscosity. This leads to fatigue cracking. Therefore, rheological properties are very
important to pavement design and performance. Rutting and bleeding may result from
pavements that greatly deform and flow. In Georgia, for example, visible forms of
pavement damage caused by overweight vehicles include, but are not limited to, rutting
and load cracking.®! Load cracking happens when small pieces of pavement are
dislodged from the surface of the road. Rutting occurs through permanent depressions in
the pavement along the wheel path of traffic. Pothole development and shoulder damage
are hazardous to passenger cars and school buses. Rut development contributes to severe
hydroplaning, or wet pavement skidding. This poses a serious risk to drivers because
traction is lost when water lifts a tire away from the road.

Bridges and the Federal Bridge Formula

Bridges were a different story. As urban and rural diverged and the population exploded,
numerous bridges were built throughout the U.S. in the 1800s and 1900s. A bridge
formula was needed to effectively reduce pavement and structural fatigue on bridges. In
the 1940s, AASHTO recommended a bridge formula concept. It was not fully developed
until 1962. The Federal-Aid Highway Amendments of 1974 required vehicles to comply
with the Federal Bridge Formula (FBF).

2 Comprehensive Truck Size and Weight Study, Final Report. Batelle Team, Federal Highway
Administration, US Department of Transportation, August 2000.

%0 Hawaii Asphalt Pavement Industry. 2003. Available from:
http://www.hawaiiasphalt.com/HAPI/modules/04_pavement_types/04_pavement_types.htm

# performance Audit: Georgia Department of Transportation Permits and Enforcement Program,
Performance Audits Operations, Department of Audits, State of Georgia, March 2000.
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The FBF is now used to preserve our nation’s bridges and control vehicle weights. Itis a
function of the number of axles and axle spacing on a truck. It effectively calculates the
maximum allowable weight on any group of axles.

Some sta;rzes, such as Arizona, use the FBF to determine the axle weights for overweight
vehicles.

The Federal Bridge Formula B*® is defined as:
W = [LN/N-1 + 12N + 36]

where:

W = the maximum weight in pounds that can be carried by a group of two or more axles
to the nearest 500 pounds

L = the distance between the outer axles of the group

N = the number of axles in the considered group

The FBF is an approximation of the 5% and 30% overstress criteria.>* The National
Bridge Inventory is used as a tool for the estimation of different scenario vehicles on a
sample of bridges. While criteria vary from agency to agency, deficient bridges require
replacement. Cracks develop in materials at points of high stress concentration. Steel
bridges and pre-stressed concrete spans, if overloaded, are susceptible to fatigue. A
doubling of stress creates an eight-fold increase in steel component damage. The
repetitive applications of high stresses, particularly those produced by different motor
vehicles, accelerate bridge fatigue. Therefore, the design stresses are far below stresses at
which bridge failure occurs.

The HS-20 and the H-15 are the most common bridge designs. These designs are based
on one of two standard loadings. Heavy truck traffic on interstates and other highways
call for the HS-20 bridge design. HS-20 designs typically replace H-15 designs. Lower
functional class facilities, where older bridges are concerned, use the H-15 designs. Some
states shore up bridges rather than replace them. Others opt for postings to prohibit use
by the vehicles that would create the most damage. The cost of strengthening a bridge is
a significant portion of the cost to replace the entire structure.

Vehicle gross weight, the weight on various groups of axles, the distance between axles,
and the type and length of bridge all influence the impact of truck and weight policies on
bridges. Such policies significantly affect bridge impacts. Truck length, specifically

%2 Arizona Department of Transportation, Motor Vehicle Division. 2005. Commercial Vehicle
Enforcement. Available from: http://www.azdot.gov/mvd/fags/scripts/fags.asp?section=cp#4

% United States Department of Transportation. 2004. Western Uniformity Scenario Analysis: A Regional
Truck Size and Weight Scenario Requested by the Western Governors' Association. Washington, DC:
United States Department of Transportation.

% Comprehensive Truck Size and Weight Study, Final Report. Batelle Team, Federal Highway
Administration, US Department of Transportation, August 2000.
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wheelbase, greatly impacts bridge stress for long-span bridges.*®> Further studies are now
needed on the impacts of heavy trucks on fatigue and bridge deck deterioration.

Pavement Costs

Pavement costs vary from place to place and from time to time. Pavement costs are
dependent on materials, thickness, quantity, and, of course, quality. Geographic and
environmental conditions are also considered. The design life of pavements is dependent
on these and other variables, including the volume of traffic, frequency of traffic, and the
weight of the vehicles. These all take their toll on the life of pavements. Loads create
compression and bending of pavements. These lead to rutting and cracking. Heavy axles
cause grea