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EXECUTIVE SUMMARY

When a motorist encounters a highway construction work zone, there are some
additional Road User Costs that are incurred as a consequence of the traffic flow interruptions
and delays associated with the construction site. User costs are becoming a critical cost
component for Florida Department of Transportation (FDOT) construction projects. Most of the
innovative contracting practices for highway construction projects, include User Costs.
Decisions about day versus night shifts, and alternative maintenance traffic plans should also
consider Road User Costs. As a result, there is a growing engineering and legal requirement for
accurate and defendable user cost calculations.

The present report provides a detailed analysis of the variables involved in the
calculation of Road User Costs. Also, a thorough study about the current state-of-the-art tools
for analyzing road user costs in work zones is included, as well as a survey on the current
practices among the States Highway Agencies of the United States. Finally, the report present
a discussion and a practical example on the applicability of one specific tool (QUEWZ model)

that has been found to be quite suitable for the needs of the FDOT.
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INTRODUCTION

The highway systems in the United States have become an essential part of today's life,
and the majority of America's total transportation needs are met by these systems. However, the
growth in traffic volume has an undesirable effect on the motorists, decreasing their ability to
effectively utilize the transportation network. During the past decades, the number of vehicles
on the roadways has increased dramatically, but the total miles of new highways have not kept
pace with this growth. Consequently, the public is facing increasing congestion problems,
especially in urban areas.

The benefits from highway improvements, or their adverse consequences, affect not only
those who travel the highways, but the society in general. These benefits reach the users of the
roads primarily through the savings on the operating costs of their vehicles, the reduction in
highway accidents, and reduction in travel time, and some other factors that cannot be quantified
as easily such as better air quality, comfort and convenience. From this point of view, any
highway project should be considered an investment, the main objective of which is the highest
possible return at a given funding level. Based on a combination of potential costs and benefits
from alternative projects, an economic analysis will identify the appropriate alternative that can

best utilize the available resources.
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Currently, the attention of the State Highway Agencies is shifting from the building of
new highways to the maintenance and restoration of existing facilities. When these types of
projects are undertaken in urbanized areas, they generate heavy traffic congestion during the
time that construction is taking place. These congestion problems have a major impact on the
traveling public by increasing their travel time. The speed changes inside the congested areas
also have an impact on the operating expenses of the vehicles. Furthermore, there aré some
other more subtle impacts such as increase in accidents, pollution, noise, and even a negative
effect on the surrounding business community due to road closures and/or detours.

Over the past several years, a variety of new contracting and bidding methods have been
introduced in the United States. These innovative practices specifically address the reduction
in construction time, as a means to minimize the negative effect that road work areas have on
the motorists and the general public. The four most popular methods being currently used are:
“Bidding on cost/time” (also called “A+B Method”), “Incentive/Disincentive” (I/D), “Bidding
on cost/time combined with incentive/disincentive”, and “Lane Rental”. Each of these methods
considers the value of construction time; therefore, its determination becomes very important.
Since in highway construction the time value basically represents the additional costs for the
public due to the existence of a work zone, the determination of road user costs provides an

excellent means to assign value to the construction time.

Tightening budgets, and the need for evaluating the impact of road construction and

maintenance activities have been some of the driving forces behind much of the advancement
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in the evaluation of road user costs. Highway designers, planners, and policy makers have
embraced the user cost analysis as a means to help the justification and priority ranking of
projects, economic viability studies, evaluation of different road investment alternatives, and
the determination of the "time" value for the new contracting methods in highway construction,
among others.

Although the road user cost calculations have been performed routinely by most State
Highway Agencies for many years, no formal computational procedures have been instituted
nationwide, and therefore, many states have developed their own procedures. Many other states,
however, due to regulatory constraints and hard-to-quantify values, do not even consider the
costs of the users in their calculations.

In recent years, a tremendous amount of research studies of the subject of user costs have
been conducted. As a result of those research projects, several techniques to evaluate road user
costs have been developed, and a few of those techniques have been adopted by the State
Highway Agencies. However, those methods are not being used to a desirable degree, partly
because some of their support data have become obsolete, and also because some procedures
are so cumbersome that they are inefficient.

With work zones, the problem is even worse since each highway construction or
maintenance project is unique, and its own set of conditions and constraints demands
individualized analyses and customized solutions. There are several models which attempt to
measure the additional costs originated at construction sites, but they usually have several

limitations, or are so intricate that they cannot be easily applied.



L3R h Objecti

The overall goal of this research project was to study the effects of work zones on road
user cost calculations, and to make recommendations on a systematic approach to address this
issue. The main purpose of this research is, therefore, to analyze existing available tools to
perform road user cost calculations. A second objective is to select those methods that are
capable of modeling the work zone scenario, and at the same time are applicable to the local

conditions of the State of Florida highway system.

1.4.1 Breakdown of the Research Methodology Phases
1.4.1.1 Phase 1

At the beginning of the project, questionnaires were distributed to all State Highway
Agencies in the United States, as well as to each Canadian provincial highway agency, Hong
Kong, and the Virgin Islands. The questionnaires requested information regarding the way these
agencies address the road user cost calculations. The results from this survey, and the

conclusions drawn from all returned questionnaires are presented in Chapter 3 of this report.

1.4.1.2 Phase 2
An extensive literature search was performed through a variety of related publications
and electronic databases in an attempt to uncover the most up-to-date literature written on this

subject. This literature review had two major outcomes. In the first place, it allowed a
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meticulous understanding of the different variables associated with road user costs, their
evaluation, and their inclusion into the calculations. This topic is presented in detail in Chapter
2. The second main output was a detailed analysis of the principal methods available to evaluate
and compute road user costs. A description of the major methods analyzed is presented in

Chapter 4.

1.4.1.3 Phase 3

After the different methods were examined, the next step was to analyze the work zone
scenario, and to evaluate the capability of those methods to model the construction zone
characteristics. When the appropriate tool was selected, an application was performed to verify

the applicability of the model to the local conditions. This process is explained in Chapter 5.

1.4.1.4 Phase 4
Results from the research effort encompassing Phase 1 through Phase 4 were analyzed,
and are being presented in this report. Conclusions and recommendations are presented in

Chapter 6.






CHAPTER 2

REVIEW OF ROAD USER COST VARIABLES

2.1.1 Background

Economic analysis of a road project is required to evaluate the life-cycle costs and
benefits of that project. The time stream of costs and benefits are used to compare the economic
viability of different project alternatives and to provide the criteria needed for economic
decision making.

Benefit-cost analysis can be used over a broad spectrum of projects and at different
levels of detail. There are many methods and techniques available to calculate the benefits to
motorists and society of an improved highway. Generally, the computations are based on some
changes in the before-after situations that motorists face, and they assign dollar value to those
changes, and calculate the total dollar value over the life of the improvement. These benefits are
then discounted to present time and by a comparison to the costs of the improvement, an

economical decision can be made.



2.1.2 Road User Cost Elements

The benefits of transportation improvement projects represent the difference between
the improved and the existing facilities in terms of time costs, vehicle operating costs, and
accident costs from the point of view of motorists. Hence, any improvement that can reduce one,
several or all of these costs receives “benefits” from such improvements. The wide ranging
elements of road user costs can be generally classified into three major categories as follows:

a) Unquantified costs (e.g. effect on social welfare, ecological impacts).

b) Quantified costs not converted to monetary terms (for instance: road safety, pollution
from emissions, and traffic noise).

¢) Costs converted into monetary terms (e.g. vehicle operating costs, savings in travel
time and accident costs).

A schematic view of the above classification is depicted in Figure 2.1.



agnecn |

Quantified Effects Un-quantified Effects I

Monetary Factors ‘ Non-Monetary Factors Social sffects
Environmental impacts

Vehicle Operating COshJ Accident Costs ] Environmenta! Effects ]

Time Costs I Comfort l

Figure 2.1 Classification of Road User Effects.

2.2.1 General Comments

Since early times of 19™ century (1920) continuous research on the subject of operating
motor vehicle costs has been performed. It is not an easy matter to determine motor vehicle
operating costs because those costs are affected by many factors and each one of those factors
can vary over wide range.

The general objective of a study of motor vehicle operating costs is to match each of the

elements of highway design and traffic operation with each of the factors of motor vehicle



operating cost. The highway factors are usually the following:
1. Distance

2. Grades (+/-)

3. Horizontal Curvature
4. Speed and speed changes (stops and slowdowns)
5. Roadway surface

The vehicle factors generally considered are:
1. Fuel
2. Tires

3. Engine Oil

4. Maintenance
5. Depreciation
2.2.2 Fuel consumption

The fuel consumption of a motor vehicle is affected by several factors. Those factors can
be grouped according to the elements influencing the ride: a) the vehicle, b) the highway, c) the
operator or driver, and d) the weather and altitude.

The fuel consumption rate is determined in part by the characteristics of the vehicle in
terms of its weight, tires, body size‘ and design, engine, power transmission to the driving
wheels, etc.. The weight on the wheels produces a rolling resistance which is proportional to the
weight of the vehicle. Therefore, the heavier the vehicle, the more power required to move it.
The body size controls the frontal area projected to the resisting air, and the body design

controls the air friction. Air resistance is proportional to the square of the vehicle speed when
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measured in pounds, and to the cube of the speed when measured in horsepower. Thus, when
riding at high speed, a high percentage of the engine power is used to overcome air resistance.
Tires have some effect on fuel consumption due to their stiffness component. The tires deflect
when in contact with the roadway surface, and then they expand to the normal contour. This
continuous deflection/expansion movement absorbs energy and generates heat. A tire at high
pressures has less rolling resistance than a tire at lower pressure.

There are several engine design factors that affect the rate of fuel consumption. One of
the characteristics of the internal combustion engine is that it builds up in horsepower developed
as revolutions per minute of the engine increase to a maximum; the horsepower then falls with
further increase in revolutions per minute. This characteristic creates the need for a system of
gear ratios in the power train whereby moderate engine speed can be obtained at low road speed
in order to develop the required horsepower for starting and for steep plus grades. [Winfrey, R.;
1969]

It can easily be observed that fuel consumption varies with the mechanical condition and
adjustment of the engine and with the grade of fuel. In terms of the effects of the driver, those
are practically null under constant speed, but they become important during speed changes

according to the driver’s rate of acceleration and deceleration.

2.2,3 Tire Wear

There are different factors that affect the wear of the tire. One of them is the rolling
friction which is developed between the tire and the highway surface. There are also some
frictional resistance forces (longitudinal and horizontal) developed in the contact area of the tire

with the surface (patch). These two resistance forces (rolling and frictional) are increased when
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the car accelerates and brakes, or when it is negotiating a curve or changing paths from a
straight line. Another force appearing in the contact area is caused by the slippage of the driving
wheels when moving the vehicle against air resistance and by gravity (when going up or down).
In this case, the driving force at the contact area causes the wheels to slip as they roll. [Winfrey,

R.; 1969]

224 01l C .

Oil and lubricant consumption is a minor item in the total calculation of vehicle
operating costs. Oil, lubricants, and associated labor could be included with other consumables
in the models of vehicle maintenance costs. This would make the data collection in vehicle

operating cost surveys simpler and would reduce the total number of cost calculations.

2.2.5 Maintenance Parts and Labor

Vehicle maintenance costs usually need an empirical basis, although collection of such
data is cumbersome, particularly as a function of road conditions and changing vehicle
technology. These costs require closer examination because jointly with vehicle capital costs,

they reflect choices by vehicle owners in a given economic road environment.

26T L {1

For the analysis of vehicle operating costs as a function of road investment alternatives,
vehicle capital costs of depreciation and interest should be related to vehicle usage rather than
passage of time. Flaws in data and their interpretation are common, for example when

accounting for different degrees of vehicle utilization or by ignoring residual value.
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2.3.1 General Comments

Time is an economic commodity that is valuable [Winfrey, R.; 1969], and it is valuable
because quantity and quality of production depends on time. It is a factor that determines the
relative worth of current goods as compared with future goods. Therefore, time is one of the
controlling factors in computing the interests and discounts on financial transactions. Likewise,
time is a major factor in the economy of highway improvements, but unlike other common
market products, time has no standard price. However, since time is consumed during travel,

it is essential to find some method to calculate the cost of highway travel time.

Time is a item that cannot be altered, transferred, controlled, saved or stored. Due to
these characteristics, and since time is not exchangeable, it cannot be purchased or sold. In fact,
marketable products are those that have been accomplished over a span of time. This nature of
time is important in understanding the concept of "value of time". It is quite obvious now, that
the expression "value of time" is a substitute for the general one "value of items produced or
services performed over this particular span of time". [Winfrey, R.; 1969]

In terms of travel, time is used or consumed while moving from one place to another.
Any difference in the total travel time from one trip to another does not mean that the time was
“saved”, but actually used in different occupations either before starting the trip or after arriving.

The key to the value of travel time, specially passenger travel time, is found in this concept.
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When analyzing the economy on highway improvements, travel time is placed as a
market item in the direct consequence group. It has already been established that time is
identifiable and that it has demonstrated value. However, time is not always effectively priced

in the market.

2.3.3 General Factors Affecting Travel Time Values
Many factors which affect the value of travel time vary with each person and each trip.
Some of the factors relevant to the value of travel time are:
1. Characteristics of persons traveling in the car (ages, number, occupations, wage
earnings, etc.)
2. The trip (distance, number of stops, purpose —e.g. business and pleasure— total
travel time, etc.)
3. Environmental (day of week, hour of day, local land use, speed limit, traffic
volume and composition, type and design of highway)
4. Factors of Value (e.g. activities before and after the trip, amount of consecutive
time available, productive time, utilization of lost time)
For the calculation of time value of commercial vehicles more accurate data exist.
Commercial trips are made by paid drivers, and the owners of the vehicles have reliable records
of their operating costs. These data may be used as a basis for calculating the value of travel

time.
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2.3.4.1 Working Time

The most usual approach to estimate the value of working time is the marginal
productivity theory. The costs of employers can be used to measure the value of the additional
production an employee will contribute when the time spent in traveling to work is shortened.
Based on this reasoning, the estimation of value for time savings for work trips has focused on
the calculation of average rates, fringe benefits and overhead allowances thaf are underutilized
while the employees are in transit during work hours (going to meetings or to purchase work
supplies). [Hickling Lewis Brod Inc.; 1995]
2.3.4.2 Commuting Time

The major factor affecting the value of commuting time is the productive use of time
while commuting. If a vehicle occupant is engaged in a business related activity like cellular
phone conversations, planning or scheduling the day ahead, etc., the cost of the time decreases.
The reason is that the individual has not lost or wasted as much time as he would have lost in
a vehicle not similarly equipped. With on-board electronic and communication technologies,
and the arrival of Intelligent Vehicle Highway System (IVHS) technologies, this productivity
factor may have a significant impact on the value of commuting time. [Hickling Lewis Brod
Inc.; 1995]
2.3.4.3 Leisure Time

The non-working time valuation theoretical framework is based on the foundations of
welfare economics. In a model of welfare economics, an individual derives utility from the
consumption of a group of commodities and from undertaking a group of working and non-

working activities [Bruzelius, N.,1979]. Consumers will maximize utility according to money
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and time constraints. The monetary budget constraint establishes that the income must be
greater or at least equal to the total expenditure. The time constraint requires that the total
available time must also be greater than or equal to the total time spent in various activities.
Besides, there are two time allocation constraints: they set the lower limit of the number of
hours designated to work, and also of the time spent on all other non-working activities
[Hickling Lewis Brod Inc.; 1995].

The value of time spent on any task or activity is then calculated as the willingness of
an individual to pay for a saving of a marginal unit of time, at a certain income level. If the non-
work activity represents no value for the individual, the marginal value of time equals the
marginal value of time as a resource because it indicates how much the person agrees to pay in
order to marginally increase the personal total time budget.
2.3.4.4 Commercial Time

This time is evaluated according to traditional cost-benefit analysis of transportation
projects, and it represents only approximately 0.1 percent of the total value (carrier plus
shipper/receiver) of shipment of goods. This calculation considers direct savings of time as a
benefit to the shipper/receiver from transportation infrastructure improvements.

The value of commercial time is believed to be equivalent to the costs coming from
storage, carrying, and losses of productivity associated with the storage of goods. Additionally,
this commercial time includes, for instance, the closing of warehouses as an outcome of major
structural logistic changes resulting from an improved highway network. According to that, the
improved reliability of a transportation system may influence industry productivity and the

value of commercial time over the long run [Hickling Corporation, 1994].
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2 5 Estimating the Val T

It has been stated that the consideration of time costs should be included in the economic
evaluation of highway projects. The potential savings on time from even a minor highway
improvement can be translated into significant user cost savings over the life of the highway.
It has been estimated, based upon a vast number of highway improvement project that, in
general, the 80 percent of total estimated highway project benefits derives from the projected
dollar value of time savings; this percentage can be split as 51 percent for savings in working
time, and 29 percent for non-working time [MVA Consultancy, Institute of Transport Studies,
University of Oxford, 1987]. Therefore, determining the appropriate value of time (or time
savings) requires the application of reasoned judgement in implementing the equations to
evaluate the monetary value of the time savings.

In obtaining a value of time estimate, first a baseline value has to be selected and then
this baseline will be scaled according to the conditions of the evaluation [Hickling Lewis Brod
Inc., 1995]. This method generates a price which represents the “opportunity cost” of time spent
on the highways. This opportunity cost is based on the value of the “next best” alternative. In
economy In transportation, this can be interpreted as the value of not spending time traveling
on the highway.

The basic assumption of measuring this value (next best alternative) is that individuals
and corporations are willing to pay either for time savings or for the avoidance of “wasting”
time while traveling. As expressed before, the value placed on the time saved or wasted, will
depend on the alternative use of individual or corporation times, i.e. leisure or work. The value
of each alternative use of the time is based on several considerations such as income, occupation

and transportation mode, as it was already explained in 2.3.4.
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Hickling Lewis Brod established in the draft report "Value of Time Practitioner's Guide"

(1995) a three-step process to calculate the value of time (Figure 2.2).

Step 1

Select Average
Base Wage Rate

Step 2

Select Major Factors Affecting
Value of Time

|

Step 3
Select Congestion Premium

|

Value of Time Estimate

Figure 2.2 Methodology to Calculate Value of Time [Hickling Lewis Brod Inc., 1995]

Step 1: Selecting the Average Base Wage Rate

Data from state wage rates compiled into a national average rate can be used, but only
when more detailed regional or local data are unavailable. It is also important that the analyst
determines the level of certainty required for the analysis. This average base wage rate is used
as the baseline for evaluating the opportunity cost of travel-related time. It represents the
willingness to pay to save time spent on the road depending upon individual levels of income.

The average annual wage of a region provides an initial figure for the value of time in

that area, considering several socio-economic factors. For instance, major metropolitan areas
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usually have higher average base wage rates than rural areas. This reflects the higher percentage
of highly paid professional occupations in the cities.

It has been observed that the value that people assign to the time varies with their
income level: the higher the income of the traveler, the higher the value of time. The use of this
information may have important differences when forecasting travel demand, or evaluating
competing projects by means of cost-benefits estimations.

Step 2: Selecting Major Factors Affecting Time Value

Once the average base wage rate has been established, it must be scaled according to a
wide range of factors and be finally converted into the value used in highway evaluations.

It is quite obvious that the value of time used in evaluating a transportation project is
affected by the trip purpose distribution across the traffic volume. This distribution change
during the day and among the geographical regions. When considering the relationship between
trip purpose and value of time, usually the most economically feasible projects (in terms of
value of time savings) are those that influence peak-hour, work-related automobile trips.
However, the ratio of work versus non-work related trips has decreased during the last 30 years
[Hickling Lewis Brod, Inc.; 1995], and the value of time (and consequently, the potential
benefits from time saving) should reflect the current trends and the growing importance of non-
work trips.

Furthermore, the recent technological advances allow many travelers to be engaged in
work-related activities while on route through the use of laptop computers, cellular telephones,
and other devices. Obviously, not all travelers will remain productive when in transit, but it is
their ability to do so that makes less significant the potential loss of work time during the trip.

As an example, urban train commuters may be more productive than car drivers in terms of
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office-oriented output, and agricultural workers driving on rural roads may be completely non-
productive during their trips. This indicates that the analyst should assign a relatively large
productivity factor to that urban train commuter and a marginal factor to the agricultural worker.

Step 3: Assigning the Congestion Premium Factor

When driving in a congested area, people tend to assign a higher value to the time
savings. This extra value -accounts for the frustration of bumper-to-bumper traffic for an
uncertain length of road. The congestion premium considers the costs of delays in traffic
volumes that exceed the facility capacity.

Unfortunately, there is no adequate theory or empirical basis to measure the change (if
it exists) in the opportunity cost of travel due to delay, unreliability, or unpredictability, at least
on an individual basis. However, certain studies reveal that travelers might add an extra value
of about 40 percent to the value of time savings during congested conditions in comparison with
equivalent time savings during non-congested periods [MVA Consultancy, Institute of
Transport Studies, University of Oxford, 1987]. These numbers might indicate that
transportation investments in infrastructure that reduce congestion could produce considerable

benefits in terms of value of time savings.

2.4.1 General Comments

Safety is a very important part of both user and non-user costs of highway travel. In
addition to economics, highway safety is an object of public concern and a major social issue.

Improved safety requires the use of real resources and, therefore, like other user costs, can
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impact the design of highways and influence the choice of which alternative to implement.
Following, there is a brief introduction to estimating the safety costs of transportation
projects. The section presents a basic methodology for evaluating the economic costs associated

with given levels of fatalities, injuries, and "property damage only" (PDO) accidents.

2.4.2 Estimating Safety Costs and Benefits

Accounting for the total safety costs associated with any transportation project, involves
the determination of the economic cost of the current level of accidents and the forecast of the
change in accident frequency and severity associated with the new facility. The impact of safety
improvements, is then unique because, unlike other user cost components, the use of the
resources is not certain. Safety costs are a probabilistic calculation involving the degree of
exposure to risk. The "benefits" in safety then are generated by lessening the risk of accidents
and reducing the severity and consequences of them. [Hickling Lewis Brod, Inc.; 1995].

The statistical values of life and injury may be the basis for calculating the costs of
traffic accidents. These values are comprehensive estimates of the direct and indirect costs
associated with fatalities, injuries, and Property Damage Only (PDO) accidents. Direct costs
include expenses such as medical, emergency services, administrative, and legal costs.
However, one of the many components of accident costs is the intangible cost of pain, suffering,
and lost quality of life. This latter value can be derived through a willingness-to-pay method
which estimates the amount of money society would pay for a reduction in exposure to accident
risks.

The use of probabilistic estimates for each category allows the analyst to select the
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degree of certainty associated with actual costs of the accidents that occur. This practical aspect
enables policy judgments regarding the value used in the analysis.

These valuations of life and injury are very important for the economic analysis of
highway investment projects, since all economic costs must be converted to dollars. Also, using
monetary values of safety benefits allows the comparison of these benefits to other user cost
estimates, such as environmental or value of time estimates. Following, there is a brief
explanation of the costs considered in each accident type, based on a draft report from the
NCHRP and Hickling Lewis Brod Inc. (1995).

a) Fatality. The costs of a traffic accident fatality are attributed to the statistical value
of life. The statistical value of life, however, does not represent a "value" of certain individuals
or their worth to society. This value is derived from empirical studies that seek to quantify how
much an individual would be willing to pay for a reduction in his exposure to risk. Therefore,'
the "statistical value of life" is another way to express "value per statistical death avoided" ,
which is basically the amount that the population would be willing to pay to avoid a statistical
death.

b) Non-Fatal Injury. The total cost of injuries exceeds the total cost of fatalities. Injury
costs can be approximated by extrapolating from the value of life. Injury comprises loss of
functioning time in the same way that death does. On one hand, the average number of years
lost in a highway accident is known, and also, the value of saving a life is known, therefore, for
a given discount rate, the value of a lost functioning year can be calculated. Using this value
together with the number of lost years for an injury of any given level, will return the value of
injury at that level, or the amount of money the society would pay to prevent an injury of that

specific level.
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¢) Property Damage Only Accident. PDO accidents represent the smallest share of
comprehensive accident costs. Although these are the most common types of accidents in terms
of cases reported by the police injury scheme (A: Incapacitating Injury, B: Non-Incapacitating
Injury, and C: Possible Injury), they account for a small amount of direct costs in comparison
with fatalities and injuries. PDO accidents derive most of their costs from insurance and
administrative charges, and also property damage.
2.4.2.2 Calculating Accident Rates

Collecting accurate accident rate data is another step of the methodology to estimate
safety costs. This step provides the quantity or number of accidents that can be expected to
occur along a given roadway or on a certain highway facility. This expected number of
accidents, combined with the cost estimates, is used to forecast the safety costs-benefits (in
monetary terms) that will occur in the future on the road segment under study. Gathering data
on incident rates by accident category is, however, more problematic since not all roads or
facilities have an accurate record of incident rates. The analyst must use, then, the available data
to make assumptions for the accident rates under different scenarios.

a) When Data are Available. For many existing roads and facilities, there are reliable
accident data available. Although the classification of car crashes by accident severity may
differ a bit, the essential data on fatalities, injuries, and PDO accidents are normally available
either per person or per crash. In this case, the analyst is able to calculate the current level of
accidents, by frequency and severity, that occur along the road segment.

b) When Data are Unavailable. Proposed road segments, for instance, do not have any
relevant accident rate data available. Besides, some existing routes may have outdated or partial

data that are insufficient for analysis. In those cases, the analyst needs to forecast accident



23

frequencies and severities to be able to develop the safety user cost-benefit of the given road
segment or facility. One good approach to develop these forecasts is to use national averages
which are available for some categories of accidents, and then adjust these values to reflect local

conditions according to roadway and flow characteristics.

2.4.3 Detailed Safety Costs

At the planning level, the evaluation of safety benefits is relatively simple. It involves
taking a number representing cost per accident and multiplying by the accident rate. This
situation, however, becomes much more complex when considering the correct application of
costs and rates for different kinds of accidents (fatalities, injuries by level) and under varying
contingencies.

Among the many variables affecting those contingencies, the most obvious are road
types, traffic volume, fleet characteristics, driver characteristics, and maintenance level. |
Measuring safety benefits or accident costs involve the correct identification of both the losses
involved and the value of the benefit to the population due to the change in its exposure to
physical risk. The identification of losses is a direct process which involves analysis of existing
data. The value to the population, however, includes the statistical assessment of what people
would pay for safety benefits. Even though the willingness-to-pay approach is being widely
accepted, there is not yet a methodology that correctly appraises the benefits for the consumer
that are associated with better safety.
2.4.3.1 Life Value

The willingness-to-pay approach has gained acceptance as the most appropriate

methodology for estimating the cost of life in cost-benefit analysis, and although there may be
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growing agreement within the research community as to the correct range for the value of life,
there is still a long way to go. It should be noted that the "value of life" estimates are supposed
to represent the revealed benefits from saving a statistical life, However, no distinction is made
in the literature for valuing different kinds of safety. This is in contradiction to a common sense
awareness that in fact there exist social preferences for different kinds of safety (for instance,
safety of children, or safety on public carriers, etc.), and even the question about whether or not
this classification should be considered in user-cost methodology is still unanswered.

In terms of the issue of the "value of injury” for different injury levels, this is based on
measures derived using lost functioning years and the value of life as a basis. Little work has
been done in valuing injury, and there is no way to evaluate if the derived measures
approximate actual costs. Establishing accurate measures of the value of injury for different
levels of injury is critical to rank the different types of safety improvements .[Hickling Lewis
Brod, Inc.; 1995].
2.4.3.2 Injury Value

The principal sources for data on injury are the Fatal Accident Reporting System
(FARS) and the National Accident Sampling System (NASS). The NASS uses of the Maximum
~ Abbreviated Injury Scale (MAIS) to record severity of injury. The MAIS scale ranks injuries
on a one-to-five basis according the severity of the injury related to the threat to life. However,
this distinction does not take into account the cost, disability or trauma that the injury involves.

[Hickling Lewis Brod, Inc.; 1995]
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2.5.1 Introduction

The inclusion of environmental costs in the economic evaluation of transportation
projects is gaining acceptance. The environmental impacts of vehicle use, such as exhaust
emissions and noise, add some extra social costs to people, material, and vegetation. Recent
federal legislation, such as the Clean Air Act (CAA) of 1990 and the Iﬁtennodal Surface
Transportation Efficiency Act (ISTEA) of 1991, are directly addressing the environmental
impacts of proposed transportation investments. Since public and private sectors are becoming
more aware of environmental issues, transportation planners and policy makers are required to
include the monetafy costs associated with highway traffic pollution when evaluating highway
projects.

Although there is general agreement about the fact that environmental impacts are
important, there are still ongoing discussions about the methods to evaluate and apply the
economic costs produced by environmental effects in traditional user cost analyses. There are
some reasons for that. One of them is the limited amount of experimental data, since
environmental cost research has only started over the last twenty years. Another reason is that
environmental effects are complex in nature, since these effects depend not only on the quantity
of pollution, but on the types of pollutants emitted, and on the conditions in which the pollutants
are released. The few studies that have been completed have concluded, therefore, that the

results are only applicable to the areas studied.
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It is obviously important, then, to find a methodology that allows the inclusion of
environmental costs without misrepresenting their importance in comparison with other user
costs. Following, a methodology from Hickling Lewis Brod, Inc. (1995) is briefly discussed.
Since the method is based on risk analysis techniques, it presents a range of values along with
their associated statistical certainty. The values are grouped by major pollutant types, with the

pollutant emission rates produced by models such as Mobile 5 and EFRAM (Caltrans).

) 5.2 Estimating Bnvi LC

Forecasting the environmental economic costs associated with future traffic flows calls
for a method that comprises not only the measurement of pollution emissions, but also
creditable valuation techniques for resources such as clean air and water. This method employs
a strategic approach for estimating environmental user costs incorporating both known and
uncertain variables that impact local environmental conditions. The approach uses the typical
elements to model environmental costs such as the quantity of pollutants, the ambient air
quality, dose response effect, and the value of life and property. As a result, this procedure
produces an estimate of the environmental costs associated with given road segments or
highway facilities that can be used for strategic level analysis.

The principal costs considered are those involving human and ecological health, and
they are derived from four basic steps. The first step is to obtain a physical measure of
emissions from automobiles, usually nitrogen oxide, and particulate matter. This initial quantity
of pollutants is then combined with existing atmospheric pollutants. The degree to which these
emissions are dispersed is function of local topographic and climatic conditions. Medical

epidemiology studies have documented the level of pollutants that imposes social costs on the



27

local population and property values. Finally, the effect of the ambient pollution is valued by
multiplying the percentage change in mortality by the statistical value of life and by the
percentage change in housing values against a standardized house value.

As may be inferred, several of the steps rely on specialized, technical data and
techniques that are difficult and costly to incorporate into general highway evaluation programs.
Because of these limitations, there is a rising need for practical and simplified processes to
estimate environmental costs when assessing transportation investment alternatives.

The implication of the described approach to model environmental economic costs is
that the major uncertainties surrounding environmental effects are incorporated in the relative
price of pollution, allowing the planner to determine the relative price of pollution that will be
used in the analysis of transportation investment alternatives without complicated environmental

analysis.

)53 istics of the Local Envi

A broad range of factors impact air quality and therefore the relative price of air
pollution in terms of local conditions. The planner should consider the local impact of pollution
and then choose the degree of uncertainty that exists for the local condition. This procedure
would produce a relative price that can be used directly with the quantity of pollution to forecast
the environmental costs of a given road segment.

First of all, the pollution sensitivity of the population where the transportation
investment is going to take place has to be determined. Given a broad range of physical factors

affecting environmental conditions, a framework that allows relative comparisons between cities
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and rural areas in terms of the effect of highway pollution should be available, since the same
amount of pollution may cause different levels of costs in different areas.
2.5.3.2 Pollution and Human Health

Air pollution with concentrations of specific elements has been correlated to human
mortality rates. There are several well-known studies regarding transportation that focus on
particulate concentrations and their associated epidemiologic impact. Depending on the measure
of the particulate, (SO, , Total Suspended Particles, and Fine Particles), experts have attributed
the environmental costs for each element based on its effect on mortality. These findings imply
that areas with relatively high concentrations of these elements may have a higher degree of
pollution sensitivity.
2.5.3.3 Pollution and Housing Values

The value of property is also affected by the quality of its surroundings, including the
level of air pollution. Studies on Hedonic-price method have been developed over the years to
assess the value of various non-market resources, including air quality. Some of the findings of
those studies suggest that the mofe polluted the area, the stronger the impact on housing value
produced by increased levels of air pollution. Some studies, for instance, reveal that for a one
percent increase in pollution, the pollution sensitivity of cities such as Los Angeles was greater
than in Washington D.C.. The method being described provides a simple scale of reaction to an
identical increase in the ambient level of pollution to account for the apparent range of pollution
sensitivity, varying from marginally sensitive to highly sensitive. In summary, the increased air
pollution associated with a road investment may produce significant environmental costs in an
area that is highly sensitive to air pollution, while its impact may be negligible in a area with

only marginal sensitivity to air pollution.
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In characterizing geographic areas according to their pollution sensitivity, two criteria
have to be considered. Objective criteria that measure general air quality could be used to
address the area sensitivity, even more sophisticated rankings could be used based on indicators
such as levels of ozone, particulates, and carbon monoxide. Subjectively, there are some other
factors that should also be contemplated such as recreational value of the area and social and
community factors.

Recreational value is closely related to environmental conditions. The quality or
recreational value of a natural beauty (lake, forest or park), may be significantly degraded due
to an increase in traffic pollution. Social factors refer to the attitude of the general community
towards environment. This attitude can be measured, for instance, by surveying the number of
active environmental organizations, or noting the existence of recycling programs, etc.. These
social factors may significantly influence the sensitivity towards increased air and noise

pollution resulting from additional traffic.

) 54U v in Fovi | Conditi

The cause-effect link between highway traffic emissions and local air pollution levels
is not precise. There are so many factors playing different and sometimes critical roles in the
matter that there is an inevitable uncertainty when forecasting the costs of different levels of
pollution. Some of those factors are vehicle and age composition of the traffic flow, weather
patterns, and geographic characteristics.

The fact that geographic and climatic issues influence the environmental conditions in

a region is quite obvious. For instance, cities located in interior basins or valleys are ususally
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more subject to the impact of stagnant masses of air that remain trapped in the region for
indeterminate periods. Residents, plants, and wildlife of these areas may be at a greater risk of
suffering from illness from the accumulated concentration of pollutants. From the point of view
of the geographic location and climatic weather patterns, some regions may be more pollution
sensitive than others.
) 5.4.2 Hig] Traffic Eff

The contribution in percentage of highway traffic to air pollution shows the impact of
transportation on the environment. There have been important technological improvements over
the last decade that have reduced the amount of CO, and NOx emitted from automobiles.
However, highway traffic may still represent the largest source of pollution in many areas. As
a result, those areas where traffic contribution to overall pollution level is important will tend
to be more pollution sensitive. The environmental impact of traffic pollution is a function of
total vehicle flow (principally during periods of greatest environmental effect), vehicle speeds,
proportions of different vehicle classes in traffic, and stability of speeds, among others.
2543 Aj I

The quality of the air is a function of various factors such as geographic and climatic
conditions, city size and population density, the location of heavy industry, etc.. Air quality can
be described by indices which measure the relative levels of chemical components, such as CO,
C02, NOx, and also the existence of Volatile Organic Compounds (VOC's), Hydrocarbons
(HC's), and Particulate Matter (PM). Some other measures include indices based on visibility

distances. Again, areas with moderate air quality may be more pollution sensitive than others.
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) 5.5 Emissions Related to T on
There are several methodologies to model the relationship between traffic noise and
emissions and different highway and traffic conditions. However, none allows making
predictions about environmental quality changes or about changes in health risks and other
effects that are functions of environmental quality. Making air quality comparable with user cost
estimates would provide a means to estimate expected pollutant concentrations as a function of

traffic variability, meteorology, and highway features.

2.5.6 Regulatory Issues

In recent years, U.S. environmental legislation has been directed towards improving the
quality of air and promoting alternative, non-automobile modes of transportation. Both
legislative acts mentioned before, CAA and ISTEA, contain sections intended to decrease
transportation-related emissions.

The CAA specifies strict ambient air quality requirements and milestones, mandates
future improvements to vehicles and fuels, requires greater integration of transportation and air
quality planning procedures, and establishes penalties for failing to meet its requirements. The
CAA's National Ambient Air Quality Standards (NAAQS) may compel urban areas to adopt
specific measures to decrease automobile emissions. Urban areas that exceed these NAAQS are
judged non-attainment areas and are classified acbording to the severity of their air quality
problems, (marginal to extreme), measured by levels of ozone, carbon monoxide, and
particulates. On the other hand, the ISTEA primarily addresses the upgrade and improvement
of the U.S. transportation infrastructure and provides the funding and ﬂexibility necessary to

improve the quality of air through the development of a balanced transportation program.



CHAPTER 3

SURVEY OF CURRENT PRACTICES

3.1.1 Introduction

At the beginning of this project, questionnaires were sent to forty-nine state highway
agencies in the United States, eight provinces of Canada, Hong Kong, and the Virgin Islands.
A copy of this questionnaire has been included in Appendix A. These questionnaires requested
any information that they could provide concermning how their agency computed and used
roadway user costs. Twenty-nine responded to the questionnaires. The State Highway Agencies
(SHAs) of the United States which provided information, as well as the Ministries of
Transportation of the Canadian provinces which answered the survey, are shadowed in the maps
displayed in Figures 3.1a and 3.1b. It should be noted that although Hong Kong also answered
the request, it is not showed in the following maps. The information received from these

organizations is summarized below.
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Figure 3.1b Canadian Provinces that provided information

33



34

3.1.2 Summary of Information Received
The responses of the questionnaire were categorized into six groups, according to the

type of method that the corresponding State Highway Agency (SHA) used to calculate highway

user costs. These six groups are:

1) Simple formulas. In this group were included those calculation methods which are a rather
simple combination of mathematical operations.

2) Spreadsheets. This group includes those SHAs which are using spreadsheets either developed
in-house, or specially for the SHA (AASHTO and other general methods do not count).

3) High Level Sofiware. There are some SHASs that use high level software to evaluate road user
costs. To be included in this group, the method used by the agency must include the use
of some sophisticated software package, usually of a commercial type.

4) AASHTO Red Book Method. This well-known method has been and still is widely used for
road user costs calculations. Some agencies mentioned that they follow the AASHTO
guideline; others have developed their own spreadsheet based on this method.

5) Flat Rates. This group includes those agencies which, although they do include road user
costs in their economic equations, do not specifically calculate those costs. Instead, the
SHA uses some rate defined by legislators, national guidelines, etc..

6) Do Not Have Any Formal Method: This group comprises those agencies that responded that
they do not use any method, and/or they do not include road user costs in the economic
appraisal of their projects.

This six-group division had the objective to give a general idea as to what extent the
agencies calculate or estimate road user costs. The result of this classification is depicted in

Figure 3.2.
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It should be noted, however, that some agencies use two methods. For instance, some
of them use AASHTO Red Book method, but for calculation purposes they developed a
spreadsheet to do the procedure. In cases like this, and since the agency did not develop any

special procedure, the method counted was the AASHTO.

Summary of Responses

D Flat Rate Simple Formulas
D AASHTO Red Book Spreadsheest
=] High Level Software ] Nothing

Figure 3.2 Summary of Responses from SHAs
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3.2.1 Alabama

The Alabama Department of Transportation currently uses two methods for determining
user costs. The first, used in urban conditions, is based on a method developed by both the
FHWA and The Alabama Department of Transportation. The algebraic formula that was

adopted is shown in Figure 3.3.
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The Following is an excerpt from a memo written by T. Paul Weldon, Assis
Urban Planning Engineer, on January 3, 1991

The following procedure uses VMT and VHT output from the transportation model (PLANPAC)
applies cost for time or delay, and vehicle operating costs.

[ + < ) ¥ ( ) } =Annual Road User Costs
VHT (8.80dollars) VMT %pc’-0.13  VMT “%/-0.38 -300days

VHT=Vehicle Hours Traveled
VMT=Vehicle Miles Traveled (avg. weighted vol.)
%pc=Percent Passenger Cars

%=Percent Trucks

NOTE:
The $8.80 and the %pc terms are based on "A Manual on User Benefit Analysis of Highway
and Bus-Transit Improvements" 1977, and "Road User Benefit Analysis for Highway
Improvements” 1960. Updated based on CPI.

The 300 days term accounts for weekends.

Figure 3.3 Algebraic formula used by Alabama DOT

The second method is used when rural conditions govern. This formula is based on the
cost per mile driven on interstate, $0.24/mile; paved road, $0.36/mile; or unpaved roads. Stop
signs and lights are assigned values of $0.06 each. The user costs are determined by merely
multiplying the distances under evaluation by the appropriate cost factor and adding up the cost

for stops.

3.2.2 Alberta

When evaluating potential projects, the Alberta Transportation and Utilities Department
utilizes classical benefit-cost analysis that includes vehicle operating costs, travel time costs,
and collision costs. This technique is employed in both urban and rural situations throughout
Alberta. While generalized data is available for the rural locations, each city provides its own

location specific user cost data.
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Portions of Alberta’s Benefit-Cost Analysis Guide were also reviewed. The guide
provides an insightful view of the development of benefit cost analysis within the Alberta
Transportation and Utilities. The guide recognizes the value of roadway users time because
drivers routinely choose to operate their vehicles between 90 and 110 km/hr when it has been
widely proven that the optimum operating efficiency is between 50 to 70 km/hr.

It is recommended that average wage rates [in 1987 Cdn. Dollars] of $22.00 per

hour for bus, truck and transport driver, $12.00 per hour for working occupants

of all vehicles and $5.50 per hour for everyone else, including the occupants of

buses and recreational vehicles, be used for all travel time differentials (Alberta

3).

Safety costs were also included in this guide. A breakdown of accident data for the
entire province of Alberta showed that 2% of all accidents resulted in a death, 35% resulted in
injuries, and 63% of accidents cause only property damage. Therefore, the average cost per
collision is (1990 Cdn. dollars) $66,120.

A breakdown of accident statistics reveals that, “for each crash involving a fatality, on
average 1.35 people die, 0.57 are seriously injured and 0.69 are moderately injured. Including
property damage, the average cost for a fatal collision, using the above figures, is [1990 Cdn.
dollars] $1,114,000” (Alberta 14-15). Non-fatal crashes typically yield 0.26 serious injuries,
1.43 victims with moderate injuries, and a price tag of (1990 Cdn. dollars) $118,831. See Table
3.1 for a complete breakdown of accident costs.

On average, in 1987 [Cdn.] dollars, the societal cost of a fatality including

family/community and market losses is $640,000, and excluding these losses is

$17,700. Comparatively the cost for a serious injury is $425,000 and for a

moderate injury is $1,400. Including property damage and using overall

provincial numbers, the average cost per collision is $66,120 if the above losses
for fatalities are included and $49,320 if they are not included (Alberta 4).
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Table 3.1 Accident costs - Alberta Transportation and Utilities Department

ALBERTA
SOCIETAL COSTS OF TRAFFIC CRASHES*
PER VICTIM OR CRASH
-1985 (with 1987 est. values in Canadian dollars)
SERIOUS | MODERATE |PROPERTY
FATAL | INJURY INJURY DAMAGE

Market Losses $449,331 | $268,629 $138
Family/Community $134,798 $80,597 $43
Medical $924 $23,906 $213
Rehabilitation $12,887
Funeral $1,962
Legal $4,920 $3,488 $297 $16
Insurance $626 $626 $142 $142
Law Enforcement $170 $170 $59 $14
Public Liability $7,985 $8,995 $406 $233

TOTALS| $600,716 | $399,298 $1,298 $405
1987 est. value $639,988 | $425,402 $1,383 $431
(CPl of 132/123.9)
Property Damage** $6,941 $6,249 $6,249 $3,138
per crash
* Based on data supplied by B.C. Department of the Attorney General
** Based on Alberta primary highway collisions in 1983 Canadian doilars factored by 132.0/116.6 to obtain 1987.

Vehicle operating costs components were also determined by a committee. While the
cost of fuel is the single largest factor, the cost of depreciation and maintenance also require
substantial consideration.

The cost for oil and tires is, on average, about 4% of the total cost for passenger
vehicle operation and about 11% of the total cost for truck operation. The cost
of tires for large trucks increases significantly on steeper grades - up to one-third
of the total cost on an 8% upgrade. The greatest efficiency for passenger car
operation is on a downgrade of 5 to 6% and for trucks, a downgrade of 2 to 3%
is most efficient. Cost data for operating on gravel varies greatly and the
conclusion by members of this committee [Executive and a Guidelines
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Commiittee] is that, generally speaking, the operating costs used for passenger

vehicles and light trucks on gravel should be about 18% higher than the cost of

operating on a smooth pavement, and that costs for large trucks operating on

gravel should be about 30% higher than the costs used for operating on a smooth

pavement (Alberta 6).
3.2.3 Arkansas

In the Arkansas State Highway and Transportation Department, the Statewide Planning
section uses an Excel spreadsheet to calculate user costs. The spreadsheet is based on A Manual
on User Benefit of Highway and Bus Transit Improvements AASHTO, 1977. The agency uses
the Consumer Price Index (CPI) to update historical cost data to reflect current economic
conditions.

If lane closures are required, the computer software program QUEWZ-92 is used. This

software, developed at the Texas Transportation Institute, determines queue lengths and the

associated costs.

3.2.4 California

The California Department of Transportation Division of Construction has conducted
research investigating the potential benefits of A+B contract bidding. The initial report outlines,
among other things, the methodology that was used to compute user costs in pilot contracts.
This procedure is highlighted in Figure 3.4.

In the mid-1950s, the California Division of Highways conducted a study to determine
the value of travel time. The research recommended values of three cents per minute per
vehicle for automobiles and eight cents per minute per vehicle for trucks. The results of this

study form the basis of current procedure. The original values are periodically adjusted for
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inflation using the CPI. These values have been validated through comparisons with similar

studies preformed in the United Kingdom, Australia, Norway, and the Netherlands.

“The recommended 1995 travel time value for automobiles is 15.3 cents per minute per

vehicle” [Tom, G., 1995]. “The recommended 1995 travel time value for trucks, rounding down

D=
L1=
L2 =
S1=
S2=

Determination of Road User Costs:
Road user costs were determined using the following calculation guidelines:

Road User Costs =D x E, where
D = Daily reduction in delay (vehicle-hours/day or person-hours/day).
E = Dollar value of delay ($/vehicle-hour or $/person - hour).

Use person/hours in lieu of vehicle/hours where HOVs become significant.
Use $6.00/person-hour or $7.20/vehicle-hour when the % of 2 to 5 axle trucks
is not more than 3%.

Trucks = vehicles with 6 or more tires excluding all recreational vehicles and
pickups.

Average $/vehicle-hour for 2 to 5 axle trucks = $19.20

Average $/vehicle-hour for all other vehicles = $7.20

Consider empty buses as trucks and treat loaded buses as HOVs using
person/hour costs.

The daily reduction in delay (D) is the total daily delay before the project is implemented less
the total daily delay after the project is implemented. It is calculated as follows:

(L1/S1 - L2/S2) x AADT, where

Length of project before improvement (miles - minimum 1 mile).

Length of project after improvement (miles - minimum 1 mile).

Average operating speed before improvement (mph).

Average operating speed after improvement (mph) which can not exceed the
geometric speed, the posted speed limit, or 50 mph, whichever is least.

AADT = Benefited AADT - only that portion of the AADT that receives a delay

reduction as a result of the project.

Figure 3.4 Road user costs determination - California DOT

to the nearest cent, is 40 cents per minute per vehicle” [Tom, G., 1995]. The travel time values

for trucks were determined using data from the Bureau of Labor Statistics regarding wage and

fringe benefits of truck drivers. These values were confirmed by applying the appropriate CPI

to the original 1950 report.
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3.2.5 Colorado

Colorado computes the delay per vehicle under existing conditions, then calculates the
delay for construction. The difference between these values is then multiplied by the average
cost per hour delay. For cars, the 1991 value of delay time was $6.25 per hour. Trucks were

valued at $17.80 per vehicle per hour.

3.2.6 Connecticut

The Connecticut Department of Transportation primarily uses user costs in the context
of determining liquidated damages. The Division of Traffic Engineering recommends the use
of the computer model QUEWZ, developed by the Texas Department of Highways and Public
Transportation in 1981, to estimate queue lengths and additional road user costs resulting from
work zone lane closures.

The software requires user input to define the conditions being modeled. The
department recommends using either the posted speed limit or the 85th percentile speed as the
free flow speed. The level-of-service (LOS) D/E speed is determined by using Table 3-1 of the
1985 Highway Capacity Manual. Speed after queue formation is determined by the same table
(LOS F). A capacity of 1800 vehicles per hour per lane b(vphpl) is typical on Connecticut
roadways. The remaining inputs required by QUEWZ can be easily determined from the

project’s plans and specifications.

3.2 7 Hawaii
The Hawaii Department of Transportation has adopted the methodology presented in

AASHTO’S A Manual on User Benefit Analysis of Highway and Bus-Transit Improvements
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for computing user costs. This technique generates national cost factors, based on January
1975 prices, which account for various conditions such as highway type, vehicle type, speed
changes, curvature, etc. These cost factors are then adjusted to represent current local
conditions. The Consumer Price Index (CPI) is used to adjust values for automobiles, and the

National Producer Price Index (PPI) is used to modify trucking costs.

3.2.8 Hong Kong

The Highways Department of Hong Kong is not currently using or keeping any user

costs records.

3.2.9 Idaho

Idaho uses a user cost worksheet to compute the impact that a project will have on user
costs. Distance and speed are inputted into the simple algebraic model to determine both the
original travel time and the construction travel time. The difference between these values is the
resulting delay time caused by the project. The time costs are determined by use of auto and
truck average daily traffic (ADT) as well as time values that have been updated using the

appropriate CPL

3.2.10 Illinoi

The Illinois Department of Transportation’s primary use of user cost evaluation is in
Incentive/Disincentive programs.: The user cost is based on the change in travel time,
passengers per vehicle, and an hourly cost per person. First, the change in travel time is

computed. Then, the number of vehicles affected is multiplied by 1.25 passengers per vehicle,
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this variable has been determined by the Chicago Area Transportation Study. Finally, an hourly
rate of $10.00/hour (1990 dollars), based on figures provided by the Department of Employment
Security is applied to the computation. An example borrowed from design memorandum No

90-53 is shown in Figure 3.5.

Taken from Example 1 of Design Memorandum No. 90-53

Example 1:
60,000 ADT
Project Length 1.75 miles
Average Normal Speed 55 mph
Average Construction Speed 35 mph

Project Length X ADT
Average Normal Speed

Motorist Time (normal conditions) =

Motorist Time (NC) = 1 75- Hours
(NC)= 175 60000 _ 500
Motorist Time (Under Const.) = -1.75-60000 3000 Hours

35

Motorist time lost = ours

- H
3000 1909 =1091

Total Road User Delay Cost =1091hrs * 1.25 passangers*$10/h
Total Road User Delay Cost = $13,637.50

Figure 3.5 Road user delay costs - Illinois DOT

3.2.11 Kansas
The Kansas Department of Transportation does not routinely use user costs. On occasion they

do compute the cost to the user of a construction detour using the FHWA’s Cost of Owning and

Operating Automobiles, Vans and Light Trucks - 1991. This method does not account for

user’s time.

3.2.12 Maryland

The state of Maryland uses user cost in the computation of liquidated damages. The

components of user cost being evaluated are cost of delay, cost of energy, and cost of accidents.
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The cost of delay is based on the difference in travel time between a roadway during
construction and the completed project. The percentage of passenger cars and trucks is used in
conjunction with trip type factors Table 3.2 to yield the number of people hours affected by the
construction. The formulas used to derive these various component values, in 1975 dollar

values, are shown in Figure 3.6.

Table 3.2 Vehicle occupancy factors - Maryland DOT

Trip Type Persons per Vehicle
Work 1.2

Social-Recreational 2.0

Personal Business 1.6
Passenger Cars x Persons x Delay (hours) x Cost ($) x PF = Delay Cost ($) (N

PC Person Hour
Trucks x Delay (hours) x_Cost ($) x PF = Delay Cost ($) @)
Truck Hour
Vehicles x A Cost ($) x PF = Energy Cost ($) per unit time (3)
1000 Vehicles

ADT x Length (miles) x Accident Increase x Cost ($) x PF = Accident Cost ($) 4)

1,000,000 veh. mi.  Accident

Figure 3.6 Road user costs - Maryland DOT

32,13 Michi
Michigan uses the Freeway Incident Management Program, developed by FHWA, to

evaluate freeway lane reductions and/or total closures. Simulation models such as NETSIM,
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FREESIM, and DYNEYV have also been used to develop user costs for interchange closures.
In addition, detour routes are physically driven to determine the increased travel time and

distance.

3.2.14 Minnesota
Currently, the Minnesota Department of Transportation does not formally analyze user

costs as they relate to work zones and construction time periods.

3.2.15 Nevada

Nevada uses user costs primarily in cost benefit analysis. This analysis is used statewide
during the process of project selection. The three components of user cost evaluated are travel
time, accident cost, and vehicle operating costs.

In the interest of consistency, in as much as the large regional models form the

basis for many projects, the user costs...utilize the speed and VMT matrix as

applied in the capacity restraint program from the FHWA PlanPac transportation

planning computer analysis package (Unknown, 1995).

Once these costs are determined they are updated annually using the CPI. Currently,
travel time is valued at $6.25 per hour. Fuel consumption is assumed to be 15 mpg and cost to
be $1 per gallon. Accident rates are determined by examining accident rates at similar facilities
throughout the state as well as county statistics from the Annual Statewide Accident Report.
Accident costs are differentiated by type and outlined in a June 30, 1988 U.S. DOT memo. The

values reported are as follows: $1.7 million/fatal accident, $14,000/injury accident, and $3,000

per property damage accident. A sample formula is outlined in Figure 3.7.
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ab cd e f g h i i k | m
(((X/Y)-(X/Z))*3*(334.4/162.8)*365*PWF*ADT)*(1.55/1.25)*(146.7/108.8)

a) X = Length of project in miles

b) Y = Speed adjusted for v/c ratio

¢) Z = Free flow speed - posted speed limit

d) 3 = Time cost per Red Book @ $3.00 / hour (page 17)

e).f) 334.4/162.8 = Consumer Price Index (CPI) increase from 1974 (f) to 1986 (e)

g) 365 = Number of days in a year

h) PWF = Present worth factor per Red Book formula (page 31)

i) ADT = Current year average daily traffic volume

i), k) 1.87/1.25 = Vehicle occupancy factor for Nevada actual count (j) vs. Red Book (k) (pg
I, m) 146.7/108.8 = CPIl increase from 1986 (m) to 1994 (1)

Included in the benefits calculated for a project is the estimate of accident benefits obtained
on the type of improvement proposed. These are obtained from the NDOT safety Engineerit
Division for each individual project.

The accident benefits are added to the time benefits

These two benefits, calculated for a twenty (20) year time frame, are then divided by the
corresponding cost of the project to come up with the benefit/cost rato (B/C)

Figure 3.7 Sample formula - Nevada DOT

3.2.16 New York

The New York Department of Transportation has developed a Lotus 1-2-3 spreadsheet

to determine user costs. The Highway User Cost Accounting micro-computer package (HUCA)

is currently being revised and the updated version is due out in 1996.

3.2.17 North Carolina

The North Carolina Department of Transportation is currently using Technical Report

el as the basis of user cost

analysis. This model quantifies five elements which are used to evaluate competing urban

highway projects. These five elements are user benefits, costs, economic development potential,

environmental impact, and relationship of the project to the State arterial system. The user

benefits are computed as total dollar savings resulting from an improvement project through
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reductions in vehicle operating cost, travel time, and accident costs. The savings are
accumulated over a-20 year design period and the future benefits are not discounted. A
computer program P57204 (QPBEN) has been developed for computation of user benefits
occurring from vehicle operating cost savings, travel time cost savings, and accident cost
savings. An example of how the costs are evaluated is provided in Figure 3.8.

The department uses publications from the Federal Highway Administration and the
U.S. Department of Transportation to evaluate the cost of owning and operating an automobile.
A representative traffic stream has been developed, based on 1981 conditions in Charlotte,
which includes the following mix of vehicles: “2.10 percent 25 ton trucks, 2.20 percent 20 ton
trucks, 1.00 percent six ton trucks, 10.41 percent two ton trucks, 24.14 percent standard autos,
24.15 percent intermediate autos, 25.00 percent compact autos, and 11.0 percent subcompact
aﬁtos” (Poole, 7). These running costs for gas, tires, oil, maintenance, and depreciation have

been computed for freeway, arterial, and collector street operation and are listed in Table 3.3.



Benefit Computation
20 20 20
B D VCS| +DVCS| +) WCS)
1 L} [ ]
i=1 i=1 i=1
B = benefits

VCS; = vehicle cost savings for year i
TCS; = travel time cost savings for year i
ACS; = accident cost savings for year i

Vehicle Operating Cost
VOC; = (ADTp; + EADT 4;) x 365 x 20 x L x OC;
2= di

VOC; = vehicle operating cost for section i

ADTy,; = annual average daily traffic estimated or existing on section i in base year
EADT; = estimated annual average daily traffic on section i in design year

L; = length of section i in miles

OC; = operating cost in dollars per mile for composite vehicle on section i for assumed
average operating speed.

Time Cost
TG = .(A_D_TQ ';EADT_di)X 365 x 20 x SL! X Oj X Hj
i
TC; = time cost on section i
S = average speed on section i in miles per hour
Oj = average vehicle occupancy for urban area
Hj= hourly value of time in dollars for urban area

Accident Cost
3

AC; =Z| Nni 1,

L}
=1

AC; = estimated accident cost for roadway seciton i
Npi = estimated number of n type accidents occuring during design period on seciton i

Figure 3.8 Benefit and cost evaluation - North Carolina DOT
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Table 3.3 Running costs by road type - North Carolina DOT

Average Freeway Arterials Collectors

Speed ?
10 25.40 30.25 29.25
15 24.20 28.19 27.17
20 23.30 26.53 25.54
25 22.71 24 .96 24.40
30 22.32 23.80 23.25
35 22.11 22.96 22.28
40 22.01 2217 21.66
45 22.03 22.04 22.00
50 22.09 2210 22.10
55 22.20 22.20 22.20

3 Average operating speeds considering acceleration and
deceleration. Excludes idle time while stopped.

(Poole 7).

3.2.18 Ohio
The Ohio Department of Transportation has adopted a modified version of the New

York State Department of Transportation’s highway user cost and economic analysis models.

3.2.19 Oklahoma

Oklahoma is currently using two different software packages, Evaluation of Highway

User Benefits and MicroBENCOST, which were developed by the Texas Transportation

Institute.



50
3.2.20 Oregon

The state of Oregon responded to our questionnaire and provided us with a detailed
motor vehicle cost responsibility study. This report was prepared for the state legislature and
although its scope was different from the present study, it provided a detailed breakdown of

highway costs.

3.2.21 Quebec

The department is currently implementing the adaptation of MicroBENCOST into their
organization. The data that the Ministére des Transports du Québec uses to compute user costs
is obtained from Statistics Canada, the HighWay Performance Monitoring System (HPMS)
model, comparable studies done by other transport organizations, automobile associations, and

dealers in automobile parts.

3.2.22 Rhode Island

The Rhode Island Department of Transportation currently does not determine user costs

for project reviews or analysis.

3.2.23 South Carolina
The South Carolina Department of Transportation has developed a Lotus 1-2-3

spreadsheet to compute user costs. These costs are primarily used in projects where A+B

contracts are utilized.



51

3.2.24 Tennessee
The Tennessee Department of Transportation gave the University of Tennessee
Transportation Center the task of either identifying or developing potential software programs
to be used in economic studies. The result of the survey was that the University of Tennessee

recommended that MicroBENCOST be adopted and used by TDOT.

3.2.25 Texas

The Texas Department of Transportation has not made a determination of user costs

since 1989.

3.2.26 Utah

The Transportation Planning Division of the Utah Department of Transportation has
developed a spreadsheet based on data and tables from the AASHTO 1977 Manual on User
Benefit Analysis of Highway and Bus Transit Improvement (Red Book). This spreadsheet uses
concepts of the Red Book, but has been simplified for ease of use. It is updated annually using
the Consumer Price Index (CPI). Both operating costs and time costs are broken down to
include autos, light trucks, and heavy trucks. When applied to particular projects, the software

yields an output of the total annual running and user costs by vehicle type.

3.2.27 Vermont

The state of Vermont responded to our request for information and provided us with a
detailed highway cost allocation study that was prepared for the state legislature. While it

provides much useful information, it does not coincide exactly with the scope of our research.
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3.2.28 Washington

The user benefit cost parameter for autos is set at $10.00 /hour. This figure is
estimated in two parts, the value of in-vehicle time, and vehicle operating costs.
The in-vehicle value of time is established based upon reports that suggest using
14 the average hourly wage of the commuters as the base value. We use the
mean annual wage per household from 1990 Census data to establish this hourly
wage (Peach 1).

As a result, in 1992 dollars, the value of time is $6.12 /hour, and the auto operating costs
are $0.0749 /mi (for speeds between 40 and 60 mph). This results in a composite value of
$3.74 /hour.

The cost parameters for trucks is set at $50.00 /hour. Again, this figure is

estimated in two parts, the value of in-vehicle time, and vehicle operating costs.

The value of driver time was estimated through conversations with the

Teamsters Union staff and other trucking industry officials. This value ranges

from $12 - 20.00+, with $17.22 hourly rate for line haul drivers as a bottom line

hourly rate they negotiate (Peach 2).

The operating cost for trucks are also 1977 AASHTO based on average running

speed of 50 mph. In 1992 dollars total cost = $0.657 /mi or $32.87 /hour (Peach
2). :

3.2.29 Wyoming
The Wyoming Department of Transportation has not calculated User Costs for a number

of years. If they were to do so, they would use the AASHTO A Manual on User Benefit

Analysis of Highway and Bus Transit Improvements as a base framework.






CHAPTER 4

REVIEW OF MAJOR ROAD USER COST METHODS

For this research endeavor, major methods and studies have been revised, not only those
formulated in the United States, but also several models developed abroad. The present chapter
outlines the findings on the different techniques which have been used in the United States,
United Kingdom, New Zealand, and South Africa. The following major methods are analyzed
in detail: the 1977 American Association of State Highway and Transportation Officials
(AASHTO) Red Book, the software MicroBENCOST developed by the Transportation Texas
Institute (TTI) in 1990, the model QUEWZ developed also by TTI in 1982 and successively
updated until 1993, the 1979-1982 Texas Research and Development Foundation (TRDF)
Relationships, the Highway Design and Maintenance Standards Model (HDM) developed by

the World Bank between 1975 and 1984, the ARFCOM model, and several other models.
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4.2.1 General Comments

The American Association of State Highway and Transportation Officials (AASHTO)
published in 1977 “A Manual on User Benefit Analysis of Highway and Bus-Transit
Improvements”, also known as the AASHTO Red Book. The manual presents a methodology
and cost factors for estimating the user benefits produced by highway improvements. It
addresses the question of whether the benefits from decreased highway (and transit) user costs
(operating costs, fares, travel time value, and accident costs) actually exceed the costs of the
improvements.

The scope of the manual in relation to total highway (and transit) planning is shown in
Figure 4.1. The double arrows in the figure mean that the analysis will always entail comparison

of two or more alternatives (usually one of the alternatives is doing nothing).



S

EVALUATION

S8COPE OF THE MANUAL
{Economic or Benesfit-Cost Analysis)

>

DEMAND 3
FORECASTS
HIGHWAT USER COSTS
# Vehicle Running Costs
TRANSPORTATION o Accldent Costs
GOALS AND ¥ Travel Time
DESIGN CRITERIA
BUS TRANSIT USER COSTS
v # Monsey Coats
« Travel Time Value
3 »| COMMUNITY
» 3 ECONOMIC MERIT IMPACTS
ALTERNATIVE Net present value v v
HIGHWAY of :ely e;
stem Cos
FACILITY OR A Y COMPOSITE
BUS SYSTEM and user
ECONOMIC 8TUDY banafits); B/C EVALUATION
IMPROVEMENTS VARIABLES et 8
ratio or rate of
AND SCHEDULES
v retumn, A A
FINANCING AN
— 3> HIGHWAY FACILITY I oSy o
Ly OR BUS SYSTEM COSTS > CONOIDERATIONS

Daclsions or Changes

Figure 4.1 AASHTO Red Book scope

This publication provides corrected cost factors and short-cut procedures for many of
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the problems which have been interpreted and expanded by Winfrey (1969) and by Claffey

(1971). This information is complemented by highway and traffic engineering experience in

traffic flow. Several of the user cost factors that the manual shows are functions of traffic speed

or the volume/capacity ratio. The Red Book was an ambitious planning tool developed to cover
vehicle operation on uniform sections of highway, in transition between sections with different

characteristics, and at intersections. The user cost data of the Red Book have been and still are

widely used in applications such as road planning and design both in the USA and abroad.
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4.2.2 Unit User Cost Calculation

The methodology calculates first ‘unit’ user costs, which are computed on a per unit of
traffic (either vehicle or trips) basis over the length of each analyzed road. For flexibility
purposes, the manual provides nomographs and tables that can be used to estimate user costs
on a one-way hourly traffic basis. In other words, the analysts can make estimations for different
times of the day and for separate directions, as needed.
4.2.2.1 Hourly and Daily Traffic

Usually, the traffic volumes are expressed in terms of average daily traffic (ADT). For
user cost calculations, however, it may be better to model the diurnal traffic pattern in periods
smaller than a day. This is important since highway user costs are at least partly a function of
specific traffic conditions, and, therefore, they are only valid when the same conditions are
maintained.
4.2.2.2 One-Way and Two-Way Traffic

The manual generally relates to one-way traffic in the user cost calculation procedures.
In those cases where the implementation of a road improvement affects the traffic going in one
direction in a different way from the traffic going in the opposite direction, two separate
analyses should be performed. However, in most cases, improvements on the road affect both
directions basically in the same way, and then the results from the one-way analysis can simply
be duplicated to account for both directions of traffic.
4.2.2.3 Basic Section Costs

The costs of a basic section are associated with the flow of the vehicles, and the basic
geometry (grades and curves) of the section being analyzed. These costs are expressed as

functions of volume/capacity ratio and/or average vehicle speed.
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The relationships for the total operating costs (fuel, oil, tires and maintenance) and travel
time on uniform sections are provided in nomographs, figures, and tables. A procedure for
calculation of vehicle depreciation is also outlined. Total cost factors for different speeds on
level tangents and on grades can be incremented for different curvatures and for speed change
cycles.

The manual provides data to calculate transition section costs. These costs are related
to vehicles passing among analysis sections with different characteristics (either physical or
traffic). When such transitions occur, there usually are some speed changes in the traffic flow,
and hence some costs associated with these speed changes. For transitional sections, additional
operating costs are calculated from differences in the average running speeds on the adjacent
sections.
4.2.2.5 Intersection Delay Costs

The delays at intersections, due to the existence of traffic devices such as signals or stop
signs, have associated costs. The manual also provides data to calculate those delay costs.

Intersection delay costs of stopping and idling while stopped are based on Webster's
equations for computing delays at signalized intersections with fixed time signals. The
nomographs in the Red Book encode relationships between the type and configuration of the
traffic control device employed, the level of traffic on the section, and the vehicle approach
speed.
4.2.2.6 Accident Costs

Even though the manual has some default and ‘guidance’ values, these data are intended

to be used only when‘better’ data are not available. As it was stated before, the majority of the
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values of the manual come from surveys, and they are functions of existing traffic conditions.
They are only applicable when the same traffic conditions prevail. However, if no other data are

available, the values from the manual can be used with caution.

4.2.3 AASHTO Red Book Highway Variables

The Red Book considers five highway variables that affect the costs of the users:

a) Uniform vehicle speeds

b) Speed changes

¢) Road curvature

~d) Gradient

e) Surface material.

Since the operating cost of any vehicle depends upon the type of vehicle being analyzed,
the Red Book developed procedures and data to calculate operating costs for an average car, a
single unit truck, and a 3-S2 combination truck; these were considered to be representative of
the total traffic population.

Average running speeds and travel time for these vehicles on uniform sections of
freeways, rural multi- and two-lane highways, and urban arterials were based on speed-flow
relationships from the 1965 Highway Capacity Manual (HCM). The speed nomographs include
congested traffic conditions by service level F. The results can be modified by truck percentage
adjustment factors. Roadway curvature is measured in degrees for individual curves. A range
from zero to thirty degrees is covered by the charts provided in the handbook. Conversion
factors greater than one are intended to adjust the costs computed for paved road surfaces to

operating costs on gravel and on earth roads.
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4.3.1 General Comments

MicroBENCOST is a computer software developed to conduct economic analyses in
a broad range of highway improvement projects. The software calculates the benefits and costs
of an improvement and provides the decision makers with several economic measures.

MicroBENCOST combines inputs provided by the user or its own default data (traffic
volumes, highway characteristics, etc.). Then it estimates benefits in the form of ‘savings in
costs’ such as delay savings, operating cost savings, accident reductions, etc., and finally the
software computes three economic measures (Net Present Value, Benefit/Cost Ratio, and
Internal Rate of Return) for a given discount rate. This process is illustrated in Figure 4.2.

For MicroBENCOST, the benefits of a transportation improvement come from the
difference between the existing facility and the projected one in terms of time costs, vehicle
operating costs, and accident costs. When a proposed improvement is estimated to reduce any

of those costs, then the proposed project will produce benefits.
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Figure 4.2 MicroBENCOST general procedure

T - Projects Included in MicroBENCOST

The software is capable of handling a broad variety of projects. Eight major types of
improvement projects for highways are included with three options, as explained below. The
different types of improvement projects are:

a) Added Capacity Projects. These are improvement projects to increase capacity of the
existing facility (adding more lanes, changing the original type of highway, etc.).

b) Bypass Projects. This type of project usually involves the construction of a new
highway or bridge to bypass another road or geographical feature. In MicroBENCOST, when
any new location facility with an existing road will not be replaced by the new one, it is

considered a bypass.
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c) Intersection and Interchange Projects. These projects are actual upgrades of existing
facilities (intersections/interchanges) to better standards. MicroBENCOST considers three types
of intersection and four types of interchange. The intersections are two-way stop, all-way stop,
and signalized intersections. The interchanges are simple diamond, three-level diamond,
cloverleaf, and directional interchanges.

d) Highway Rehabilitation Projects. In this type of project both geometric and structural
improvements are included. As for geometric enhancements, they can be to improve alignments
(horizontal, vertical, or both), widening lanes, or even paving the shoulders. Structural
rehabilitation includes pavement rehabilitation and overlays.

e) Bridge Projects. This category includes any major bridge improvement project, from
building a new bridge to major rehabilitation.

f) Safety Projects. In MicroBENCOST those projects which will allow the reduction of
accident rates or accident costs are considered safety projects.

g) Highway Railroad Crossing Projects. These projects include all enhancement done
at railroad grade crossings, even upgrading the warning devices.

h) High Occupancy Vehicle (HOV) Projects. MicroBENCOST considers three types of
HOV projects: median HOV facility, the current HOV facility where the direction of the HOV
lane is the same as the peak traffic, and the contra-flow HOV lane where the direction of the
traffic in the HOV lane is opposite to the peak traffic.

The three options mentioned before, are as follows:

a) Emission Option. MicroBENCOST follows FHWA recommendations on emissions
at project level, and it analyzes the emission ‘only for carbon monoxide (CO). This option allows

the user to analyze the impact of CO emissions caused by an improvement.
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b) Work Zone Option. The software considers up to three construction zones on any road
being analyzed on a session. The work zone option allows the analysis of the effect of closing
lanes for certain time period, and the corresponding reduced capacity in that segment. The
software has no default data for this matter, and so the user has to provide all the information
about the work zone. If the user does not enter data by direction, the software automatically
assumes that the construction zone affects both directions.

c) Incident Option. In the same way that with the work zones, MicroBENCOST allows
up to a total o three incidents on any road being analyzed on a session. The incident option
analyzes the impact of lane closure for a eertain period of time when the incident happens. In
this case, the data cannot be entered only for one direction; the incident option always applies
to both directions. Besides, there is an extra constrain which limits the number of closed lanes
due to an incident. This limit is one lane on either direction. In other words, the incident cannot

produce a total closure of the road, there must be at least one lane open in both directions.

\ 3.3 MictoBENCOST 2 : { Calculati

To calculate user costs, the software uses the general procedures of the 1997 AASHTO
Manual, outlined in 4.2, but it also considers some other sources for updated data. As was stated
before, MicroBENCOST primarily computes three elements of the user costs: time costs,
vehicle operating costs and accident costs, given certain characteristics such as traffic volume,
speed, and highway features (grades, curvatures, and pavement conditions). Following, there

is a brief description of computations of road user costs:
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4,3.3.1 Traffic Volumes

The software uses three different methods to forecast traffic volume over the period of
analysis: the annual growth rate method, the intermediate, and the forecast methods. The annual
growth method uses traffic volume for the base year and the annual growth rate to calculate
future traffic over the period of analysis. The intermediate and forecast volume method use the
base year volume, the intermediate year and volume, and the forecast year and volume to fit a
curve between the points for each year over the period of analysis.
4.3.3.2 Traffic Allocation for the New Locations

MicroBENCOST allocates traffic to each route within the improvement scenario. This
traffic is allocated to the routes until the marginal trip costs of each of them are equal. The user
can choose to express the trip costs in terms of user costs or delay costs only. There are eight
possible allocation methods that the user can select from.

The algorithm for traffic allocation utilizes an approximation technique to reduce the
computational time. For each possible route, the algorithm calculates three points of the user
costs per person: nearly zero traffic, all corridor traffic, and intermediate points. The allocation
is done for only one year, and the user may select either the year of completion or the year at
the end of the period of analysis. It must be noted that the traffic allocation feature is an optional

tool that can be used upon discretion of the user.

{ 1.3.3 Traffic Distributi

It was already established that the traffic input used by MicroBENCOST is the average
daily traffic (ADT). However, it is necessary to break this ADT into hourly volumes since both
speed and capacity are functions of hourly traffic volumes. The software calculates those

volumes as percentages of the ADT. There are built-in default distributions by rural/urban and
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highway type, but they can be changed by the user. The hourly distribution also involves
directional splits, facilitating the analysis of unbalanced flows of traffic during peak hour
periods.

The software also has another method that has been introduced in such a way that the
yearly distribution will be treated as a daily distribution and used as default. There are up to
twenty-four different intervals to describe this yearly distribution; for each interval there are two
data needed: a percent of ADT per hour and the number of hours in the group. |

In essence, the technique uses the distribution of hourly volumes over the year, which
is approximated with a step function histogram using six intervals. The main advantage of this
approach is that it allows the consideration of the very worst hours, which are the hours when
the improvements result in the largest benefits. On the other hand, the major disadvantage is the
loss of temporal continuity of the traffic volumes, which eliminates its application in those
situations where the capacity changes during the day (construction zones, for example).
4.3.3.4 Calculation of Capacity

MicroBENCOST uses the default capacity for freeways, multilane rural highways, 2-
lane rural highways, and urban/suburban arterials from those included in the 1985 Highway
Capacity Manual (HCM). The software then adjusts this default capacity based on a truck
adjustment factor, as established in the HCM. Trucks and buses are expressed as passenger car
equivalents.
4.3.3.5 Calculation of Speed

To calculate the section speeds, MicroBENCOST also uses the 1985 Highway Capacity
Manual (HCM). HCM gives speed estimations as a function of volume/capacity (v/c) or

demand/capacity (d/c) ratio for all types of highways except urban arterials.
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The software also includes an option for adding extra delays for incidents and accidents
based on a procedure developed by the New York State Department of Transportation, the
Highway User Cost Accounting Micro-Computer Package (HUCA).

MicroBENCOST defines speeds based on the 1985 HCM concepts. Speed is the average
travel speed, which is equal to the length of the section divided by the average time to travel it.
When defining capacity and speed, “ideal conditions” are used, and then the values calculated
under those conditions are adjusted for truck percentages, grades, curves, geometric design, etc..

The calculations of the average speed are consistent with the 1977 AASHTO Red Book,
and they are based on the hourly demand/capacity ratio. In the case of arterial streets, the
relationship between d/c and average travel speed is not entirely explicit. On the other hand, the
procedures established by HCM for intersection delays are too detailed and require a large
amount of data (detailed signal operation, phasing, traffic flows, etc.). The software uses
basically this procedure although there are some changes and simplifications included.
4.3.3.6 Calculations of Delays

MicroBENCOST computes delays in both the existing highway and the proposed
improvement, and the difference between those values represents delay savings. These ‘time’
savings are then multiplied by the value of the time and give as a result a dollar value of delay
savings. There are four different delays calculations: at intersections/interchanges, at railroad
grade crossing, at constructions zones, or when incidents occur.

a) Intersections/Interchanges. To estimate this type of delay, MicroBENCOST uses a
simulation procedure based on the model TRANSYT-7F, developed at the Transportation
Research Center of the University of Florida. In this model, the average delay per vehicle is

computed using the total hourly volume going through the intersection or interchange being
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analyzed. To calculate the default values, optimal cycle lengths and percent of green time are
used as well as typical intersection geometries, phasing, and traffic flows.

The minimum delay for a given traffic volume is calculated by iterating the delay over
a range of cycle length. This is then repeated over a broad range of volumes, and these points
are used to select default values for the software. These defaults represent the optimal signal
timing for a given traffic volume with later adjustments for type of signal and progression.

b) Railroad Grade Crossing. To compute the delays on this type of crossing,
MicroBENCOST uses a combination of a queuing model and a formula. The software allows
the user to enter the number of trains, their average speed, and their- length, as well as type of
warning device, time to lower and raise the gates, and percent of reduction in speed when
crossing the tracks. It even has an option to specify the hourly distribution of trains, similar to
the hourly traffic distribution for highway segments.

¢) Incidents and Work Zones. MicroBENCOST has an optional feature that allows the
user to include the costs of incidents of work zones into the basic program. The delays for
incidents or construction zones are integrated into the calculations of the delays in the segment.
In the case of incidents, the user has to enter the number of incidents blocking lanes, the number
of lanes closed or blocked, and the average duration of the closure or blockage. In the cése of
construction zones, the user must input the beginning and the ending hour of the closure,
number of lanes closed, number of days that this closure will take place, and the year.

d) Adjustment for Discomfort. The discomfort costs come from three sources: vehicle
stopping, congestion, and pavement Ifoughness. These costs are adjustments to the original time
costs calculated. Stopping and congestion are factors that adjust the value of time in time cost

computations, whereas discomfort for pavement roughness is added to the time costs.
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The software considers five vehicle operating cost components: fuel consumption, oil
consumption, tire wear, vehicle depreciation, and maintenance and repair. These cost
components are influenced by several highway related factors. The two more common ones to
be considered are vehicle type and travel speed. Other factors are percent of grade, the
roughness of the surface, and the curvature of the road. To calculate the costs of the vehicle
operating components, the consumption of each one is computed for given roadway
characteristics and traveling speeds, and then these values are multiplied by the corresponding
unit prices.

MicroBENCOST unit prices and vehicle consumption information are based on the
study performed by J.P. Zaniewski in 1982 at the Texas Research and Development Foundation
(TRDF). This selection was based on the fact that, at the time of the study, Zaniewski’s report
contained the most recent data on vehicle consumption in the United States. Using the
appropriate price indexes, the unit prices in the Zaniewski report were updated from 1980 to
1990.

There are four different operating situations. These categories represent consumption
for vehicles traveling at uniform speed at a given grade, and the additional consumption due to
changing speeds, idling, and negotiating a curve. The software approximates the data contained
in Zaniewski tables using regression formulas. Once the consumption for the different operating
conditions are calculated, the values are then adjusted to account for pavement roughness.

As for the vehicle categories, MicroBENCOST uses the same classification as
Zaniewski, except for passenger cars. Zaniewski considers four types of passenger cars: small,

medium, large, and pickup whereas MicroBENCOST groups them as follows: small,



68

medium/large, pickup/van, and bus. The truck categories in MicroBENCOST matches exactly
the one established by Zaniewski: 2A single-unit, 3A single-unit. 2-S2 semi’s and 3-S2 semi’s.

a) Operating Costs at Uniform Speed. The consumption data reported by Zaniewski
were used to calculate regression equations which relate each consumption element to several
highway factors. The relationship of each consumption element to speed is computed according
to the type of vehicle at each grade level, and in this way it is possible to have estimations of
component consumption at a certain uniform speed, by grade and by vehicle type. Zaniewski
presents his data for 17 different grades (from -8 degrees to +8 degrees). The software equations
assort these data into groups for one or more grades.

b) Additional Operating Costs for Horizontal Curves. Zaniewski includes data of excess
consumption for curvatures of 1, 2, 3, 4, 5, 6, 8, 10, 12, 14, 16, 18, 20, 25, and 30 degrees. For
the software purposes, and to better fit these data, several equations were developed for each
vehicle type and for each curvature category.

c) Roughness Adjustment Factors. Several adjustment factors, in terms of pavement
serviceability index (PSI), were developed for cost of depreciation, oil consumption, tire wear,
and maintenance and repair. These factors were also based on Zaniewski’s data.

d) Cost of Speed Change Cycling. The procedures for estimating the additional costs due
to speed changes were based on the approach of the NCHRP Report 133 of 1972. This approach
was believed to have the best data for estimating the number of speed changes for different
vehicles, highway types, and traffic conditions.

For the calculation of the number of speed change cycles, MicroBENCOST uses the
nomograph for added speed change cycle costs and unit cycling cost tables of the 1977

AASHTO Manual. As for the extra operating costs, from the data on speed change cycle
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operating costs presented by Zaniewski in his report, equations were developed for unit speed
change cycling costs. The total costs due to speed cycling for a highway segment are calculated
by multiplying the number of cycles by the unit cycling costs.

e) Idling Costs. This cost is computed by multiplying the average stopping time by the
number of stopped vehicles and the consumption of each vehicle operation component (except
for tire consumption, which is not calculated when the vehicle is idling). The data for operating
cost components while idling were also taken from Zaniewski’s study.
4,3.3.8 Accident Costs

In MicroBENCOST, the total accident costs are obtained by multiplying the number of
accidents of each type (fatal, injury, or Property Damage Only —~PDO-), by the unit accident
cost of each type. In the software, the accident costs are calculated separately for highway
segments, intersections and interchanges, bridges, and railroad grade crossing because of their
different exposures. It should be noticed that the highway segment accident cost computation
does not include the other features, even any of them may be included in the segment. Thus,
when intersections, interchanges, bridges, or railroad grade crossing are part of a highway
segment, the accident costs of each of them have to be computed and then added to the costs
calculated for the segment.

a) Accident Rates. The number of accidents are computed from the accident rates in
different ways. For highway segments and bridges, the accident rates are in terms of number of
accidents per 100 million vehicle-miles and the total vehicle-miles traveled. In the case of
railroad grade crossings, intersections and interchanges, the accident rates are in terms of
number of accidents per 100 million vehicles and total number of vehicles at the

intersection/interchange or railroad grade crossing. The default data contained in
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MicroBENCOST was taken from the accident rate data in Highway Economic Requirement
Systems, a technical report published by the Federal Highway Administration (FHWA) in 1991.

b) Unit Costs for Accidents. To arrive at the unit cost of accidents, the study considered
several different methods such as direct cost only approach, human capital using net production
cost concept, human capital using total production concept, and market or ‘willingness-to-pay’
approach.

For MicroBENCOST, the values recommended by Rollins and McFarland in their report
“Cost of Motor Vehicle Accident and Injuries” published by the Transportation Research Board
(TRB) in 1986, were updated to 1990 dollars using the Consumer Price Index, and these values
are used as default data for unit accident costs.

£33.9 Fnyi | Effects - Carbon M ‘do Frnissi

At the time of MicroBENCOST development, the latest FHWA recommendations were
that at project level, the analysis of carbon monoxide (CO) emissions should be done using
MOBILE 4, a software developed by the Environmental Protection Agency (EPA). The data on
CO emissions generated from MOBILE 4 are related to the average speed, ambient temperature,
altitude, and percentage of travel by vehicles in the conditions of “cold-start” and “hot-start”.
The program actually computes emission factor for the current year and also for the following
20 years.

MicroBENCOST uses a regression equation to estimate CO emissions, from the
emission data of 1987 generated by MOBILE 4 provided by FHWA. The equation is a function
of the average speed, ambient temperature, altitude, year, and percent of vehicle-mile traveled
of cold-starts engine of non-catalyst vehicles (PCCN).

The default emission data of MicroBENCOST is set for three periods during the year:
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winter (including December, January and February), spring and fall (March, April, October, and
November), and summer (including May, June, July, August and September). To estimate the
CO emissions the total annual vehicle-miles traveled must be distributed according these three
periods.
4.3.3.10 Values of Time

The values of time for passenger cars used in MicroBENCOST come from the 1986
study “The Value of Travel Time: New Estimates Developed Using a Speed-Choice Model” by
Chui and McFarland, and they were updated to 1990 dollars. In the case of buses, the values
used in the sofiware were taken from the 1975 study “Benefit-Cost Analysis: Updated Unit
Costs and Procedures” by Buffington and McFarland, and they were also updated to 1990
dollars.

For trucks, the travel time savings represent savings in the market cost of moving goods.
In MicroBENCOST there are four categories of trucks: single-unit with 2 axles, 4-tire; other
single-units; semitrailer combinations with 4 axles or less; and all the others with 5 or more
axles. The values of time for these four types are also an update to 1990 of the values presented

by Buffington and McFarland.

4.4.1 General Comments
The software QUEWZ (Queue and User Cost Evaluation of Work Zones) was developed
as a tool for evaluating work zone lane closures. It was designed to compare traffic flows on

freeway segments with and without lane closure, and to estimate the changes in the flow
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characteristics (such as average speed and queue lengths), and to compute additional road user
costs resulting from those alterations in the normal traffic flow.

The model has the ability to address lane closures in freeway facilities or multilane
divided highways with up to six lanes in each direction with any number of closures in one or
both directions, and it can analyze 24 hours of consecutive operation. The general structure of

the model is illustrated in Figure 4.3.
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Figure 4.3 QUEWZ general structure

The software produces two types of outputs:
a) The lane closure schedule option. This output option summarizes the time and
duration of the lane closures to avoid excessive queue formation. The analysis is done on an

hourly basis allowing that the planning of lane closures can be scheduled before too long a
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queue occurs. The user is the one who defines the ‘excessive’ queue. The default values are a
queue length of 2 miles (3.2 km) or a waiting time of more than 20 minutes.

b) The road user costs option. This option estimates the traffic volumes, capacities,
speed, and queue lengths, and additional costs generated during each hour of lane closure.

For the estimation of the queues and speed, the software uses the procedures of the 1985
Highway Capacity Manual (HCM). The average speeds are based on the speed-volume
relationship of the highway under study. Even though the parameters for speed-volume
relationship are built as default values in QUEWZ, the user may change them. Within a time
interval, the program assumes constant arrival and departure rates.

QUEW?Z has incorporated two general configurations of lane closures on a work zone.
These strategies are shown in Figure 4.4. The first configuration involves one or more lanes
closed in one direction while traffic in the opposite direction is not affected at all. The second
one involves a crossover, where all the lanes in one direction of travel are closed and two-way

traffic is maintained on the other directional lanes.

4.4.2 User Cost Calculations

The user cost calculations in QUEWZ involve the calculation of three categories of
costs:

a) Delay costs from slowing down and traveling the work zone at reduced speeds,
including delay of vehicles in a queue.

b) Change in vehicle operating costs from a reduced average running speed.

c) Speed change cycle costs.
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Figure 4.4 QUEWZ lane closure configurations

The costs are estimated in 1990 dollars. The dollar value of time is $12.64 per vehicle
hour for passenger cars (with an average occupancy of 1.3 persons per car) and $ 23.09 per

vehicle hour.

) 1 Diversion Algoritt

The diversion algorithm is used together with the road user cost option to provide a more
realistic estimation of the additional user costs generated from lane closures in work zones. This
algorithm basically simulates the volume of the traffic that would divert from the road due to
work zone related delays.

The model for diversion was developed from field observations. When queues develop

upstream of a work zone, part of the traffic approaching the zone may divert to another parallel
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alternative path. When this occurs even though the traffic control devices do not encourage a
detour, it is called “natural diversion”. But when diversion occur, the actual queue length
developed at the work zone is shorter than the one calculated based on normal approach
volumes.

A diversion is expected to occur in two general situations. First, when the driver
perceives that the delay that he would experience in the freeway is greater that the one he is
willing to tolerate. Second, when the travel time on the aitemative route is (or seems to be) less
than the time the driver would spend in the queue. Despite these two general facts, it can be
noticed also that some drivers simply divert because they just do not like queuing, although the
total travel time in the alternative route may be even longer than the waiting time in the queue.
On the other hénd, some other drivers who are unfamiliar with the area may not divert at all
even though the waiting time in the queue is long.

QUEWZ assumes that the first motorist would divert when the delay becomes greater
than the maximum acceptable; as a default that is 20 minutes. The additional costs for the
diversion of the traffic are computed based on several other assumptions:

a) The length of the alternate path is equal to the length of the work zone plus the critical
length of the queue.

b) The travel time when diverting is equal to the travel time for a vehicle at the end of
the queue (queue of critical length) to travel the queue and the work zone.

¢) Diverting traffic travels at uniform speed. This speed is equal to the length of the
alternative path divided by the travel time.

d) Trucks do not divert at all.
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4.4.2.2 Queue and Speed Delays

The characteristics of the queue are estimated using the 1985 Highway Capacity Manual
(HCM) relationships. The model assumes that there are no changes in demand as the queue is
forming, and only when the critical length is reached, will the traffic divert.

The average delay for time intervals caused by queuing is computed from the average
queue size. If the queue dissipates during the analysis interval, the delay is modified by the
proportion of the hour that the queue was actually existing. The model also assumes an average
vehicle spacing equal to 40 feet. The maximum queue length has a default value of 2 miles,
representing a maximum number of 1050 vehicles queued in two lanes.

The average speed is estimated using the assumed speed-volume curve depicted in
Figure 4.5. The user may provide specific values for the free flow speed (SP,), for the

breakpoint speed between levels of service D/E (SP,), and the speed at capacity (SP;).
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Figure 4.5 QUEWZ Speed/Volume relationship

Also, the corresponding volumes, volume at normal capacity (V,) and the volume of
the breakpoint of level of services D/E (V,), can be specified. If the user does not enter those
values, the model assumes its own default numbers for the parameters of the speed-volume
relationship, represented by information provided in the 1985 Highway Capacity Manual. The
relationship between volumes and speed for volumes less than or equal to V, is linear; for those
volumes greater than V, but less than V|, the realtionship is quadratic. These default values are

summarized in Table 4.1.



Table 4.1 QUEWZ Speed and Volumes

|__Parameter Default Value
SP, 60 mph
SP, 46 mph
SP, 30 mph
\'A 2,000 vphpl
V, 1,850 vphpl

4.4.3 Input and Qutput
4.4.3.1 Input Requirements

78

The input requirements of QUEWZ vary according to the output option selected. In

general, those requirements include lane closure configuration, work activity, traffic volumes,

and alternative values to change the default data and make them more suitable for the analysis

site.

a) Lane Closure Configuration. This input includes the total number of lanes in each

direction, number of lanes opened in each direction, length of closures and capacity of work site,

and the directional roadways in which lanes are closed.

b) Schedule of Work Activity. This input includes the times that the closure of lanes

begins and ends and hours when the actual work activity begins and ends. Obviously, the hours

of activity must be fully included within the hours of lane closure.

¢) Traffic Volumes. The software analyzes the traffic flow in intervals, and therefore, 1t
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requires directional traffic volumes over these intervals. The annual average daily traffic
(AADT), the day of the week when the closure is effective, and the general location (urban or
rural) must be entered. It should be noted that for more accurate results, the user should input
the hourly traffic patterns of the area being analyzed.

d) Default Values. The software has several default data built 1n The user may want to
supply alternative values for those constants:

- Cost update factor to account for inflation effects on the Consumer Price Index (CPI).

- Percentage of trucks in the traffic stream.

- Speed-volume relationship with default values from 1985 HCM.

- Work zone capacity

- Definition of excessive queuing.
4.4.3.2 Output Options

As already mentioned, there are two different types of output: Lane Closure Schedules
and Road User Costs.

a) Lane Closure Schedule. This output summarizes the hours of the day during which
a number of lanes can be closed without producing excessive queuing.

b) Road User Cost. This output gives the additional road user costs arising from the lane
closures. It also estimates the traffic conditions at the work zone such as volumes, capacities,

speeds, and queue lengths.
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4.5.1 General Comments

During the period 1979-1982 the Texas Research and Development Foundation (TRDF)
investigated the influence of highway design and pavement condition on vehicle operating costs
and other user costs for the Federal Highway Administration (FHWA) [Zaniewski et al., 1982].
In the U.S., data were collected on truck operating costs and fuel consumption of all vehicle
classes. Truck operating costs for 12,489 trucks were provided by 15 intercity line-haul carriers
operating primarily on interstate highways. Data on truck ages and mileages were obtained from
the Bureau of Census (1977), supplemented by historical vehicle registration data. [Bein, P.,
1993]

According to other previous U.S. studies, such as Winfrey (1969) and AASHTO (1978),
the TRDF relationships are broken down by four classes of vehicle operation: running at
uniform speed on grades with an adjustment for the effect of pavement condition, changing

speeds, navigating horizontal curves, and idling.

152 Anplicati

The TRDF data and relationships for vehicle operating costs have been widely used in
highway investment studies. Elkins et al. (1987) have incorporated the effect of pavement
condition from the TRDF data into the uniform-speed vehicle operating cost equations. They
have incorporated the TRDF data into total operating cost per vehicle type for each class of

operation. The aggregated equations, with minor modifications and price indexing, were

included in the Highway Economic Requirements System (HERS).
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NCHRP Project 7-12 included the TRDF relationships in MicroBENCOST , which has

been previously discussed, with only a few modifications. In Canada, the TRDF relationships
were included in the vehicle operating cost prediction module of the Highway User Benefit
Assessment Model, HUBAM, which is a standard required by Transport Canada for appraisals

of all federally funded or co-funded highway projects [Bein, P., 1993].

4.5.3. Vehicle Operating Cost Components

The running cost and idling cost tables by Winfrey (1969) were updated with current
estimates using judgment. Where possible, the updates reflected changes in costs and
advancements in vehicle technology.

The major portion of the total consumption of a vehicle cost component occurs when
traveling at constant speed on a specific grade including a level road. Excess consumption is
then specified for changing speeds, idling, and for navigating horizontal curves. The estimated
consumption at uniform speeds is further adjusted for the effect of pavement condition.The
vehicle types considered are small, medium, and large cars, a pickup truck, two- and three-axle
straight trucks, and four- and five-axle combination trucks.
4.5.3.1 Fuel Consumption

The fuel consumption was tested with eight vehicles ranging from a small economy car
to a 2-S2 combination truck (weight 56,000 pounds); the results for a 3-S2 unit were assumed.
The tests were carried out for idling, acceleration, deceleration, and constant speed driving.
Idling fuel consumption, for instance, was found higher than Winfrey's because of new
emission control technology in the test vehicle fleet.

The effect of curvature on fuel consumption was approximated using the calculated
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horsepower needed to negotiate a curve at a constant speed. The grade that could be climbed
with that horsepower and speed was determined, and the fuel consumption was then read from
relationships established for each vehicle at the constant speed and grade.

The effect of curves was derived by comparing horsepower needed to traverse a curve
at a constant speed with the horsepower required to climb a grade at the same speed, for which
fuel consumption was measured. The effect of speed fluctuations was derived from fuel
consumption of a vehicle accelerating from a stop to a top speed and then decelerating from the
top speed back to a stop. [Bein, P., 1993].

For cars and pickups, Winfrey's oil consumption rates were decreased to reflect the
effect of improved engine technology. For trucks, oil consumption of a fleet engaged in inter-
city line haul was adopted for 50 mph speed. Consumption for other speeds and for speed
change cycles was then prorated from Winfrey's tables and the results were assumed to apply
to all classes of single unit and articulated trucks. Oil consumption on grades was adjusted by
the ratio of the horsepower required on the grade to the horsepower required for the same speed
on a level section, and no correction was made for oil consumption on curves.
4.5.3.3 Tire Wear

Tire wear was estimated using a model which predicts the forces at the tire-pavement
interface due to road geometry and vehicle operating mode. The model correlates the volume
of tread rubber worn with the amount of slip energy consuméd. This model was found to be
more accurate than Winfrey's tables, sincé these tables were based on outdated tire technology.
The selection of coefficients was done by comparison of results with Winfrey's values corrected

for greater tire cost and longer tread life. Brazilian relationships developed for the World Bank
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HDM-III project were used to determine tire cost adjustment factors for surface roughness
between 1.0 and 4.5 SI. [Bein, P., 1993].
4.5.3.4 Maintenance and Repair

For the maintenance and repair component, three cost categories were considered:
general (body, chassis and electrical), brakes (consumed in deceleration and on negative grades),
drive and power train (all driving situations except when brakes are used). With these costs,
correction factors to Winfrey's costs at constant speed on level segments were calculated. For
acceleration, grades, and curves, excess costs were calculated from a regression between
horsepower and constant-speed costs, and the adjustment for surface roughness was done using
the Brazilian data.
4.5.3.5 Depreciation

The mileage-related depreciation was estimated by a method which considers that the
depreciation of vehicles in the highest 3 % category of annual mileage is totally assignable to
~use rather than to mixed mileage and age depreciation. The age and accumulated mileage of
vehicles were compiled from the 1977 census, and the number of registrations corresponding

to the census data were obtained from 1945-1977 statistics [Bein, P., 1993].

4.6.1 General Comments

The World Bank has developed the Highway Design and Maintenance Standards Model

(HDM) from data collected in a large-scale survey of road users conducted in Brazil between
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1975 and 1984. The present HDM-III version of the model can aid feasibility studies of
individual projects as well as policy studies of rural highway networks having a free flow of
traffic [Watanatada et al., 1987]..

The research represents the largest effort to date to develop a model capturing the
relationships between costs of construction, maintenance, and utilization of roads. The model
is based on the premise that operating costs and speeds of vehicles are related to highway
construction and maintenance standards through the effect of road geometry and pavement

surface quality.

' 6.2 Generic Princiol

In order to facilitate future calibrations of the model under different local conditions, the
World Bank's goal was to employ generic principles. The HDM-III submodel for the prediction
of vehicle operating cost basically fits a curve which is expressed as an exponential function
of surface roughness. Average road geometry features are fixed parameters in the vehicle

operating cost model and it relies on external computations of the average speeds.

3 Vehicle Speed Predicti

One of the major contributions of the Brazil research was the development of improved
models for predicting vehicle speeds. 76,000 speed observations were made during the road user
surveys to establish a database for constructing two micro and one aggregate method. By relying
on a probabilistic formulation of the mechanistic and behavioral determinants of vehicle speed,

the micro methods emulate detailed speed profiles along heterogeneous road alignment
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4.6.4 Road and Traffic Conditions

The vehicle operating cost submodel assumes that the road segment is an homogeneous
section with sufficient length for a vehicle to achieve a steady-state speed for a given road
geometry and surface condition. HDM-III predicts an average speed with aggregate descriptors
of road geometry and surface condition. Each descriptor is weighted by the fraction of length
of the homogeneous piece of road relative to the total length of the section under analysis.

For both directions of traffic, or for a round trip journey of a vehicle using the same
route to return, the given roadway has the same average surface roughness, curvature, and super
elevation. The average gradient is simply the weighted sum of all rises and falls, since the up-
hills in a forward direction are down-hills for the opposite direction. For analysis in one
direction only, average positive and negative gradient, plus proportion of the total length in up-
hill are considered [Bein, P., 1993].
4.6.4.1 Gradient

The average positive gradient is expressed as the sum of all ascents (rises) in the
direction of vehicle travel weighted by the lengths of the ascents. All down-hill segments (falls)
in the same direction are included in the calculation of the negative gradient.
4.6.4.2 Curvature

The average curvature is the sum of the absolute values of angular deviations (in
degrees) of successive tangent lines of the road alignment, weighted by the arc lengths relative
to the total length of the section along the centerline.
4.6.4.3 Super Elevation

The average super elevation is calculated from the super elevations (in percent) of the

rolling sections and then weighted in the same fashion as the curvature.
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4.6.4.4 Roughness

The aggregate roughness value is the weighted average of surface roughness values
measured over shorter homogeneous subsections of the roadway segment under analysis.
4.6.4.5 Traffic Conditions

The speed and vehicle operating cost submodel assumes free-flow traffic conditions, and
therefore its use is recommended for low volume roads. A relatively recent revision (HDM-Q)
was pursued to include the effect of congestion in the calculations. Some other user costs, such
as construction-related traffic delays, can also be entered from separate estimates (so-called

“exogenous” benefits and costs).

4.6.5 User Cost Components

Vehicle speed and operating cost relationships were derived for ten typical vehicles:
three types of cars (small, medium, and large), utility vehicle with two-axles and four tires, light
truck with six tires on two-axles (gasoline), light truck with six tires on two-axles (diesel),
medium two-axle truck (weight: 15 tons), heavy three-axle truck (weight: 18.5 tons), articulated
five-axle truck (weight: 40 tons), and two-axle bus.

Vehicle speed, fuel, and tire consumption predictions are based on an equation which
balances the driving force with aerodynamic, gravitational, and rolling resistance forces acting
on a vehicle operating at a steady-state speed. Travel time is calculated from the speed. The
other user cost components are oil, maintenance parts and labor, depreciation and interest, driver
and passenger travel time, cargo holding, and overhead. A sum of the vehicle operating costs
and travel time costs per kilometer, weighted by the percentage of the specific vehicle in the

traffic mix, and multiplied by the road length, is the total cost on a road section or network link.
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4.6.5.1 Fuel Consumption

HDM-III aggregates uphill and downhill road segments to predict fuel consumption.
The average round trip fuel consumption is a sum of consumption calculated separately for the
two road segments.

An energy-efficiency factor allows the incorporation of changes in vehicle technology.
These factors are fixed parameters specific to the Brazilian study and they were obtained by
correlating experimental data with actual road user fuel consumption. The user has the option
of changing the parameters to calibrate the model to local conditions.
4.6.5.2 Tire Consumption

The HDM-III model uses two relationships obtained in the Brazil study for calculating
tire wear: one for cars and utilities and another for trucks and buses.
4.6.5.3 Maintenance Parts and .abor

Vehicle maintenance parts and labor formulas in HDM-III are semi-mechanistic. The
parts model recognizes roughness and vehicle age as the main explanatory variables. The effects
of these two factors are multiplicative. With the age constant, the relationship between parts and
roughness is exponential for the lower values of roughness and then it is linear. For truck parts
the relationship is linear over the full range of roughness. There is no relation to vehicle speed
and road gradient in the models.

Maintenance labor hours are related to maintenance parts requirements. The effect of
roughness on the other vehicle types is captured through parts consumption.

I o 1T

-The decrease of the market value of the vehicle with time and usage represents

depreciation. An annual interest charge is incurred on the undepreciated amount of capital tied
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up in the vehicle. The vehicle depreciation cost is the average cost of a new vehicle divided by
life mileage. The interest cost is calculated on the average vehicle market value over its lifetime
divided by life mileage. HDM-III does not separate into time and mileage-related capital
charges. The life mileage is a product of vehicle life in years and average annual mileage.
HDM-III allows a straight line vehicle depreciation for either a "constant life" or a "variable
life" dependent on operating speed changes due to road characteristics.

Annual mileage is calculated by one of three methods. "Constant annual mileage" is
appropriate for private automobiles since time savings from increased speeds are not generally
used for additional driving. "Constant annual hours" assumes that the annual number of hours
driven is constant and the annual mileage is hence a product of the annual hours and speed. This.
is not the case of real truck trips since trips are of discrete lengths and cannot be increased at the
operator's will when he achieves time savings. The third method is "Adjusted utilization" and
it assumes baseline annual mileage, baseline annual driving hours, and available number of
hours for driving and non-driving independent of speed and route. From these three
user-specified parameters and vehicle speed, HDM-III predicts annual utilization adjusted for
the effect of speed. [Bein, P., 1993]
4.6.5.5 Occupant and Cargo Delay Costs

In HDM-III the time spent on non-driving activities such as loading, unloading, and
layovers is not charged against this cost category. The number of crew, passenger, and
cargo-hours spent in travel is inversely proportional to the speed. The cargo holding cost is
defined as the product of cargo-hours and a user-specified cargo holding cost per vehicle-hour

delayed.
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- 5 6 Administration Overhead C
Overhead cost can be included either as a lump sum per vehicle divided over the annual
distance traveled or as a percentage of running costs. Only one method may be used for each

vehicle group in the model.

4.7.1 General Comments

The Australian model ARFCOM can estimate fuel consumption due to speed changes
induced by curvature, grade, or traffic control devices. Only limited vehicle parameters are
required, and there are three forms of the model for different levels of detail in planning
applications.

ARFCOM estimates fuel consumption for a variety of vehicles from cars to the heaviest
truck combinations. The required inputs are: vehicle mass, maximum engine power or engine
capacity, number of wheels, tire type, frontal area, and acrodynamic drag coefficients. There are
some other parameters that can be specified or default values can be used.

4.7.2 Model Forms

There are three model forms to choose from according to the different levels of
aggregation desired. The instantaneous form requires second-by-second speed, grade, and
curvature data and is suitable for use in micro level traffic simulation programs. The four mode
elemental form requires initial and final acceleration and deceleration speeds, cruise speed, idle
time, and average grade and curvature data and is suitable for use in detailed analytical type

models applicable to short road sections. Finally, the aggregate form requires either running
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speed and idle time, or just average travel speed, and is suitable for use in macro level models

applicable to long road sections or road networks.

4.7.3 Basis of the Model

ARFCOM calculates the power that the engine must produce, using the engine speed
as one of the principal variables. The engine-fuel relationship in ARFCOM has been modeled
to facilitate road management applications rather than vehicle performance evaluation.

ARFCOM uses a simple approach to estimate engine speed from vehicle speed and
power by predicting the gear that the vehicle is in. For cruising, top gear is assumed and engine
speed is a function of the maximum speed the vehicle is able to attain on a flat smooth road
given its maximum rated engine power. Changes to and from top gear due to grade and

slow-downs during cruise are also related to vehicle and operating parameters.

4.8.1.1 General Comments

NIMPAC is a detailed computer program run by the Australian Road Research Board
and has been used extensively to evaluate rural arterial road programs. There are other programs
related to NIMPAC that are used at a lower than national level of road administration. For urban

areas, simpler formulas have been developed to represent five typical vehicle classes.
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The vehicle operating cost submodule of NIMPAC estimates fuel, oil, tire wear, repairs
and maintenance, and depreciation. Where appropriate, interest is also included. There are seven
vehicle types:

- cars (including utilities and station wagons)

- two-axle four-tire trucks (including vans)

- two-axle six-tire trucks

- three axle straight trucks with two pairs of dual wheels

- four-axle articulated trucks

- five-axle articulated trucks

- road trains with two three-axle trailers.

For each type of vehicle, about 20 parameters (mainly related to unit costs such as fuel
and tire prices) are specified in order to estimate the vehicle operating costs. There are also
several road dependent factors that also affect each vehicle operating cost component. These
factors are: surface types (paved, gravel, earth), five surface conditions for paved and gravel
roads, free-flow speed, volume/capacity ratio, five classes of gradient (from 0 to 10%), and five
classes of horizontal curvature measured by the design speed of the curves (from 30 to 80

km/hour).

4.8.2 VETO Model

4.8.2.1 Background
The VETO model of highway vehicle transportation costs has been developed by the

Swedish Road and Traffic Research Institute. VETO is a purely mechanistic model. The
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physical basis of the relationships allows greater freedom than other models in evaluating
transportation costs as a function of various properties of the road surface, different road
alignment, speed limit, vehicle type, and driving behavior. VOC relationships based on VETO
are used in routine economic appraisals of road projects and are performed with the aid of EVA
software.

4.8.2.2 Component Costs and Typical Vehicles

VETO calculates the following cost components: fuel consumption, tire wear, repair cost
(including brake wear, roughness-dependent repair, and other types of repair), distance- and
time-related vehicle depreciation, and interest charges for vehicle and cargo.

There are three types of standard vehicle in VETO are: a car, a 21.6 tons truck with and
without trailer), and a 15 tons bus. The vehicles can partly be modified through the user's own
input. The vehicle descriptors used by VETO are: speed regulating systems, masses, lengths
and moments of inertia, damping and springing characteristics of tires, springs and shock
absorbers, utilization and cost factors such as purchase price, unit fuel and tire costs, vehicle
age, accumulated travel, number of passengers, value of cargo, and interest rate. Driving
behavior is determined by the desired speed in relation to vehicle type, road width, speed limit,
horizontal radius, surface type, and condition.
4.8.2.3 Road Descriptors

The road is described by the following statistics: average horizontal curvature, speed
limit, road width and cross slope, micro and macrotexture and age of wearing course (new,
medium or old), surface condition (dry, packed snow/ice, depth of water or of loose snow),
average grade based on homogeneous sections, and longitudinal roughness profiles. Rut depth

is accounted for by adjusting macro and microtexture, cross slope, radius of vehicle's driving
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track, water depth or other variables. The user can describe vertical and horizontal alignment
either directly in detail or qualitatively (good, average, or poor). The indirect description is then
used for selecting among three default alignments.

4.8.2.4 Model Operation

The calculations procedure has three stages. First, the model calculates all dynamic
forces acting on the vehicle as a function of longitudinal roughness. Second, consumption and
wear rates are determined from the force effects. Third, unit costs are applied to the
consumption rates to calculate component and total costs.

a) Roughness Effect. Fuel consumption and tire wear are functions of the total resistance,
and longitudinal roughness increases the total resistance. Also slippage increase with increased
road roughness, and fuel consumption and tire wear also increase when drift and slippage
increase.

b) Vehicle Wear. Vehicle wear can be expressed either as a function of the wheel load
or as a function of a roughness measure. The first method gives a physical description which
cannot be expressed in monetary terms. The other method is a statistical function of roughness,
based on the Brazil study. Its weakness is that there is no variation with speed. The physical
model gives a considerably greater increase in vehicle wear with a roughness increase than does
the statistical model.

c) Effect of Texture. The texture of the road surface influences vehicle cost calculations
mainly through rolling resistance, which influences fuel consumption and tire wear. This rolling
resistance can be calculated as a function of macrotexture. There exists also an abrasion
coefficient in tire wear model which is expressed as a function of macrotexture and microtexture

of the road surface, and it also influences the operating cost of the vehicle.
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d) Capital Cost. In VETO model, capital cost is not directly influenced by the type of
road surface. The capital cost of a vehicle is function of the selling price for non-discarded
vehicles and the probability of discarding expressed as a function of age and driving distance.
Both the selling price and discarding probability could also be expressed as functions of road

roughness if it causes a speed reduction [Bein, P., 1993].

4.8.3 COBA and British Research
4.8.3.1 Background

The Department of Transport of the United Kingdom is responsible for multi-modal
transportation. During 1950s and 1960s, the expansion of roads in the country initiated the
development of a formal procedure called COBA to be used for economic evaluations of
inter-urban road schemes. The procedure gave the Department a rational method of allocating
the available funds to achieve the best return for the investment. COBA comprises the results
of research conducted in the United Kingdom and abroad, particularly by the Transport and
Road Research Laboratory (TRRL). With experience gained through its applications, the
method evolved to its present version, COBA9.

COBA compares the costs of road schemes with the benefits which can be derived by
road users and expresses the results in monetary terms. COBA considers the total discounted
user costs on a road network over a 30 year period. Recognizing that forecasts for such a long
period are subject to uncertainty, the program contains default high and low projections of
traffic, fuel prices, and economic growth for the country. Since COBA cannot include
environmental and other considerations which are not compatible with monetary valuation, the

model is viewed as only one element in the appraisal process.
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4.8.3.2 Types of Application

When applied to different points in the road investment evaluation process, COBA can
assess the following: the need for an upgrading of existing roads or providing a new road, the
priority of an individual scheme by comparing its returns with those from other schemes, the
optimal timing of a scheme (considering staged construction and other improvement proposals
for the area), the selection of potentially attractive solutions for public consultation, the optimal
link of design standards and junction designs from the feasible alternatives, and the selection
of the preferred option for implementation.

1.8.3.3 Vehicle C ing C

There are four representative vehicles considered by COBA: car, light van, diesel truck
and bus. In COBA the vehicle operating costs include fuel, oil, tires, maintenance and
depreciation. All mileage-related resources are included in vehicle operating cost as well as
vehicle capital savings, which are related to time.

a) Fuel. The philosophy has been that the government taxes at a higher rate the goods
produced by resources shifted from fuel to compensate for fuel tax saved through road
investments. Therefore, a fraction equal to the percentage level of indirect taxation throughout
the economy is added back to the cost of fuel.

b) Oil and Tires. Although it is recognized that tire costs vary with a number of factors
including speed changes, braking, cornering, and road surface, both tire and oil costs are treated
as fixed costs per kilometer

¢) Maintenance. Maintenance is partly considered to be related to distance and partly
assumed to vary with speed. Two thirds of the cost are assumed to be a fixed cost per kilometer

and one third to vary with speed in a similar way as fuel consumption.
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d) Depreciation and Vehicle Capital Savings. For trucks and buses depreciation is
assumed to be related only to distance traveled and it is linear over an assumed mileage life. In
the case of cars, part of depreciation is related to the passage of time and only the
mileage-related component is included as a depreciation cost.

e) Payload Value. The evidence on appropriate average values has been found
insufficient to yield reliable estimates and, therefore, any allowance would be insignificant
compared to the other items of vehicle operating cost. Thus, o allowance is made for any

savings on value of the cargo carried by trucks. [Bein, P., 1993].

484 NZVQOC

The NZVOC model was developed in 1985, and by 1986 it was incorporated into
economic study procedures for New Zealand road projects. The model includes subroutines for
predicting both urban and open road speeds using several submodels based on HDM-III, ARRB,
and Highway Capacity Manual. The fuel consumption module offered several options based on
HDM-III, ARRB and other models of fuel consumption. Other vehicle operating cost
components were modeled using elements of HDM-III, except depreciation and interest which
were based on the capital recovery technique. Also, the model has sub-routines for calculating
the additional time and fuel costs associated with speed change cycles. Models adopted from
outside New Zealand were adapted and calibrated to local conditions as far as resources

allowed.[Bein, P., 1993].
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4.8.5 South African VOC Models
South African work in vehicle operating costs has been directed at determining the
applicability of international vehicle operating cost studies to local conditions. Reasonable
conformity was found with the Brazil data and many of the HDM-III relations. In the process,
new data was produced with respect to the effect of rolling resistance on fuel consumption, and
effect of aggregate type on tire wear.
To model the effects of road conditions on maintenance costs, the vehicle parts are
classified into a number of categories, each affected by a different road and vehicle operating
condition. The South African researchers also derived depreciation and interest cost equations

from an economic model of the optimal life [Bein, P., 1993].






CHAPTER 5

THE WORK ZONE SCENARIO

The majority of the methods used for determining the additional road user costs resulting
from work zone lane closures consider two main effects: the reduction in operating speed and
the reduction in road capacity which results in queue development. When a queue actually

develops, the effect of being queued also has to be considered.

s 1.1 Reduction in Operating Speed

Highway construction works have a number of different effects on the traffic stream. An
example of these effects is illustrated in Figure 5.1 [Greenwood, Bennet and Rahman, 1995].
Vehicles travel at approach speed and somewhere in advance of the work zone they are forced
to decelerate. If there is a queue, the vehicles will be stationary for some intervals and moving
up through the queue in others. Once they reach the front of the queue, they will accelerate up
to the speed at which they will travel through the work zone. Upon reaching the end of the work

zone, they will again accelerate back to their initial speed.
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Figure 5.1 Effects of work zone on traffic.[Greenwood, Bennet and Rahman, 1995]

s.1.2 Road Canacitv Reducti

The reduction in road capacity at work zones has two main components. On one hand,
the lane closure results in a section of the highway that accommodates fewer vehicles. The
capacity for freeways with ideal traffic and roadway conditions is 2,200 pcphpl (passenger car,
per hour, per lane) for a four-lane freeway and 2,300 pcphpl for a six-lane utility.[HCM, 1993].

Another aspect of road capacity reduction can be easily understood in terms of the effect
that work zones and their traffic control devices have on lane width and lateral clearance of the
roadway. When lane widths are narrower than the 12-ft standard, drivers are forced to travel
closer (laterally) to one another than they normalty desire. Drivers tend to compensate for this

discomfort by maintaining longer spacings between vehicles in the same lane [HCM, 1993].
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The restricted lateral clearance has a similar effect. When roadside, median objects, or
other traffic control devices are too close to the lane edge, drivers shy away from them,
positioning themselves further from the edge than under normal conditions. This produces the
same impact as narrow lanes, and again, drivers usually compensate the lateral closing by
leaving more distance between vehicles. When for a given speed drivers leave longer spaces
between cars, the volume or flow accommodated decreases. Viewing the situation from another
point: for a given spacing, drivers will slow down when lateral clearance restrictions exist,

resulting also in reduced flow.

5.1.3 The Queuing Effect

The rates at which the queue builds up and dissipates are particularly important to
consider. As illustrated in Figure 5.2 [Memmott and Dudek, 1982] the size of the queue at any
time is a function of the arrival and departure rate. Depending upon the situation, these may be
governed by the capacity of the road (as in Figure 5.2), by traffic control devices, or both.
Figure 5.2 shows that the size of the Queue at any time is given by the difference between the
top line (cumulative arrivals or demand volume) and the diagonal-base line (cumulative
departures or capacity). For instance, at time T1 the queue size would be VOL1 - CAP1. The
area between the two lines is the total delay to those queued, in veh-hour. This delay, multiplied

by its cost in dollar per vehicle hour gives the additional road user cost due to delays.
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Figure 5.2 Queue development. [Memmott and Dudek, 1982]

5.1.4 Rural and Urban Areas
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The work zone situation in urban areas is different from the one in rural areas. Urban

areas generally have several alternative paths available which allow commuters to divert to

other routes as long as these alternative routes have adequate capacity available. Under such

circumstances, a practical way of modeling the effects on road user costs can be the use of

diversion algorithms.

These algorithms estimate the volume of traffic diverting from the highway as a reply

to the work-zone-associated delays. When queues develop upstream of a highway work zone,

part of the approaching traffic may diverge from the stream to another parallel alternative route.

This diversion usually occurs even if the traffic control of the work zone does not requires

detour, and it is sometimes called "natural diversion".



102

In general, diversion is expected to occur when drivers perceive that the delays they
would experience by remaining on the road would be greater than they are willing to tolerate.
Another cause of diversion is when the travel time the drivers perceive they would experience
on an alternative route would be less than the one on the road with work zones. Sometime, it
also happens that some motorists simply get tired of queueing and decide to divert even though
they may not actually reduce their travel time. In the same way, some other drivers who are
unfamiliar with the area may not divert at all under any circumstances.

When diversion happens, the actual traffic volumes through the work zone are less than
the normal approach volumes. Consequently, the lengths of queues that are calculated based on
the normal approach traffic volumes will exceed the lengths of the queues actually observed
[Krammes, Ullman and Dudek, 1989]. The chosen algorithm should account for those effects.

By comparison, in rural areas there are often few, if any, alternative routes.

Consequently, the users have no other option but to queue at the road site.

s 1.5 Analvsis Variabl
Some of the common variables used by the different models to assess effects of work
zones in road user costs are the following:
- Time of day
- Duration of highway works.
- Traffic volume (veh/day or veh/hour)

- Road capacity
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Some other unique features of the different models are the following:

- Lane closure configuration

- Diversion and alternative routes

- Traffic control measures

Most of the above variables are self-explanatory. However, special attention should be
given to the traffic volume.

Traffic volume estimates for a given year are often expressed in terms of average daily
traffic (ADT). For purposes of user cost calculations, however, it may be useful to model the
diurnal pattern of traffic in terms of shorter intervals than daily periods. Because highway user
costs are partly a function of specific traffic conditions, such costs are valid only as long as
relatively the same conditions prevail.

Differential user costs should be calculated where conditions of extreme congestion
occur over a short period of time during the day and other parts of the day are associated with
low levels of traffic. Thus, where it is estimated that significant variations in traffic flow will
occur over a day, different unit user costs should be derived for each significantly different (in

terms of traffic flows) time period [AASHTO Red Book, 1977].

5.1.6 Additional Road User Costs I . on 7
All the considerations included in previous chapters about vehicle operating costs, time
costs, and accident costs are applicable to work zones. The work zone actually generates extra
or additional user costs.
As for vehicle operating costs and time costs, it is clear that both of them are mainly

dependent on traveling speed. Under congested conditions, drivers have to constantly change
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speeds, and vehicle operating costs are much higher than when driving at a smooth traffic flow.
Furthermore, when arrivals exceed the work zone capacity, vehicles queue. To calculate the
additional costs, there are two situations that might be considered:

a) Stationary vehicles. In this case, the fuel consumption (for the operating costs) is

proportional to the idle rate. On the other hand, the travel time costs are proportional to

the time stationary.

b) Moving vehicles. As the queue dissipates, vehicles move forward resulting in vehicle

operating costs.

If instead of queuing, part of the traffic diverts (common case in urban areas), the
additional user costs for this diverting traffic can be estimated by making certain assumptions
such as length of the alternative route, travel time for diverting traffic, speed (uniform or not)
of the diverting traffic, whether trucks divert or not, etc.. These additional costs for diverting
traffic are then included into the total additional road user costs resulting from the highway
work zone lane closure.

With sufficient traffic data, the above costs can be calculated with some degree of
accuracy. However, it is important to use real hourly distributions of traffic instead of one ADT
number, principally in those areas where the major portion of the daily traffic is highly
concentrated in a few peak hours. In cases like this, using an “average” value such as ADT may
lead to underestimates or overestimates that will inaccurately benefit one alternative over
another.

As for accident costs, as stated before, this cost is the most uncertain component of road
user costs, since its inclusion is mainly based on probabilistic calculations. Work zones are

potential source for accidents. Because of the restrictions in the traffic flow that were described
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and also because of the presence of trucks and construction equipment entering and leaving the
work zone (some of them oversized and very slow vehicles), the number of accidents would be
expected to increase. Quantifying the effects, however, is not that simple. On one hand,
accidents are considered casual events whose occurrence is usually deemed to be randomly
distributed over some continuous variable such as time or distance. On the other hand, both
variables (time and distance) are not precisely continuous in the case of work zones because of
the "temporary" characteristic of highway construction works. It is very rare, then, to encounter
a location or segment where there are sufficient numbers of accidents to allow a statistically
significant evaluation of the effect of the work zone on the change in number of accidents.
The National Highway Traffic Safety Administration and the National Safety Council
(NSC) routinely publish estimates of economic costs that result from motor vehicle accidents.
However, the most reliable data on accident costs are those colleted locally; these are more
suitable data than nationwide statistics. Nonetheless, since nearly every work zone is unique,
the reliability of default or average accident rate data are highiy questionable, especially when

dealing with unique problems.

5.2.1 Introduction

After a careful study of available models and software to analyze road user costs, it was
found that QUEWZ is a very suitable software to analyze the additional user costs resulting
from work zone lane closures since it was developed specifically for work zone conditions. A

previous research report prepared by Conrad Dudek in 1989 on a similar research topic also
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agrees in its conclusions that QUEWZ is the simplest and most directly applicable modet for
evaluating traffic conditions through a freeway or multilane highway work zone.

One of the main advantages of the QUEWZ model is the relatively small amount of data
required for simulation purposes and that it is quite easy to use. It has limits, however, in terms
of its sensitivity to basic roadway geometrics such as the presence of entrance and exit ramps.
Nevertheless, for most construction projects this model should provide sufficient analysis

capability for an evaluation of travel impact.

5.2.2 General Characteristics of the QUEWZ Model

QUEW?Z basically compares traffic flow through a freeway segment with and without
a work zone lane closure and estimates the changes in traffic flow characteristics in terms of
average speeds and queue lengths and additional road user costs resulting from that lane closure.
The model is capable of modeling freeways as well as multilane divided highways with up to
six lanes in each direction, and it can analyze work zones with any number of lanes closed in
either direction. It can also evaluate 24 consecutive hours of operation.

As described in previous chapters, the QUEWZ model has two output options: the road
user cost option and the lane closure schedule option.

The road user cost option analyzes a lane closure configuration and a schedule of work
activities specified by the user. The output includes estimates of traffic volumes, capacities,
speeds, queue lengths, and the additional road user costs generated for each hour of lane
closures. Because of the option of including a diversion algorithm, the user can also estimate
the amount of traffic that might divert from the road in response to work-zone-related delays

and/or queues.
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The second output option (lane closure schedule option) summarizes the hours of the day
when a given number of lanes can be closed to minimize the impacts on the traffic flow. In this
case, the user can define what would be considered an "excessive" queue. This is a very
convenient option principally for the schedulers who are responsible for determining the closure
times for the lane or lanes.

Both output options use the same speed and queue estimation procedures. Those
procedures are proposed in the 1985 Highway Capacity Manual. It would be desirable to have
a more updated version of speed-volume relationships since some procedures have changed in

the subsequent upgrades of the Highway Capacity Manual.

s 23 Additional User Cost Calculati

The calculation of additional user costs in the QUEWZ model is quite similar to user
cost calculations in other models. The main differences can be found in several aspects such as
speeds, capacities, and queues. In this matter, there are some different equations and approaches
which incorporate several findings by the Texas Transportation Institute (TTI) regarding work

zones.

5 2.3.1 Estimation of Vehicle Capacity Through Work Z

Generally, the principal effect that the work zone has on traffic is the restricted capacity
and the consequent effect on average speeds. The QUEWZ model assumes that the capacity
under normal circumstances will be 2,000 vehicles per hour per lane (vphpl), but this default
value can be changed upon the decision of the user as a part of the input data. Some previous
TTI studies have found that when lanes are closed for long periods of time (e.g. longer than a

day) and the work activity is not taking place, the capacity is about 90 percent of the normal
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capacity (1800 vphpl), the value used by the model.

Some of the oﬁginal assumptions of the QUEWZ model rely on data on work zone
capacities during hours with work activity going on, reported in the TTI Research Report
228-6. With these data, linear approximations of the cumulative distributions were estimated
for each reported closure combination. The latest version of the QUEWZ model (1993) includes
some enhancements such as a new estimating procedure for the capacity of work zones and new
default values for the diversion algorithm. These new features are based on data collection and
analysis which are documented in TTI Research Resport 1105-5 and 1108-6.
5.2.3.2 Calculation of Average Speeds

The average approach speed is calculated using the assumed speed-volume curve
displayed in Figure 4.5. The speed of trucks is assumed to be 90 percent of car speeds. The
three parameters of speed (SP,, SP,, and SP,), as well as the volume parameters (V, and V,)
have default values that have already been shown in Table 4.1.

In the original model formulation, the hourly traffic volume specified by the user is
converted into V/C ratio, and the apprdach speed, in mph, is then calculated using the following

equations, taken from the Highway Economic Evaluation Model (HEEM).

\£

\£

V, (SP, - SP
. y (SP, l)x(l)
C

2

if 2 l , then
C

SP = SP

1
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if — < — <1, then
Vl
v
v_21,, 1
Vl 2
SP =SP2+(SP2—SP3) 1 -
1 M
Vl
if X> 1, then

SP = §P, x (2 - ~)
C

5.2.3.3 Calenlation of Delay Throush the Lane Cl Seci

The queue characteristics are estimated using the HCM 1985 relationships. Therefore,

the length of the queue is calculated as follows:

VQ, X VSpc
Qlength = NL

open

Where
Qungs = Length of the queue

VQ, =Number of vehicles queued at time "i"
VSpc = Average vehicle space

NL,,., =Number of approaching lanes that are open and provide the site for the queues

to build up.
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When the demand exceeds the capacity of the work zone a queue will form as illustrated

in Figure 5.2. In this figure it may be observed that the size of the queue at any time is given by
the difference between the top line which represents the cumulative arrivals and the diagonal
line that represents the cumulative departures. The model assumes that the demand does not
change as the queue forms and that no diversion will occur until an excessive queue is formed.

The number of vehicles in the queue at any time is computed as follows:

VQ, = VQ,, + (Rarr, - WZCap,) —2erval

Where
Rarr; = Rate of arrival rate for interval "i"
WZCap, = Capacity of the work zone for the interval "i"

Interval = The analysis interval in minutes.

The average delay for the time interval "i" as a result of a queue is calculated from the

average queue size. The average queue size is determined by the number of queued vehicles at

"i":

the beginning and at the end of the interval

VQi-l + VQi

) X 60 x Interval
2

QDelay, = (

Where:

Qdelay, = Average total delay while a queue exists during interval "i".
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If the queue dissipates during the analysis interval, the delay must be recomputed to
account for the proportion of the hour in which the queue was effectively present. This is

modified as follows:

vQ?
QDelay, = ol X 60 x Interval
2(WZCap, - Rarr)

s 2.3.4 Total Additional User C
The total additional user costs per hour (THC) in each direction are the sum of several

components, as follows:

THC = CQUE + CDWZ + CDSC + CSPC + CSPQ + OC + OCQ

Where
CQUE = Cost of the delay while queueing
CDWZ = Cost of driving thrdugh the work zone at reduced speed
CDSC = Cost of delay for speed-change cycles
CSPC = Additional operating costs for speed-change cycle
CSPQ = Additional operating costs for speed-change cycle in a queue
OC  =Change in vehicle running costs

OCQ = Change in vehicle running costs when a queue forms
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5.3 A Practical E le of QUEWZ Model Applicati

5.3.1 Introduction

To check the behavior of the model, several runs were made with QUEWZ-92, an
enhanced version of QUEWZ3-PC from 1993. Following, there is a random example of one of
those runs.

The model requires only limited input data, a notable advantage. Moreover, one of the
features added to the original software was the capability to simulate hourly volumes from an
Annual Average Daily Traffic (AADT) input value. However, since QUEWZ utilizes hourly
direction volumes to calculate additional road user costs and to design closure schedules, when
hourly data are available it is highly recommended to use these values. The use of local data is
important because when the QUEWZ model estimates directional hourly traffic volumes from
AADTs it uses directional, hourly, and daily distribution factors that were developed using data
from all ATR stations on Interstate highways in Texas for the month of October 1985. These
default distribution patterns for both rural and urban locations are compared with actual traffic

data from Florida counts in the graphs included in the data analysis (Appendix C).

s 3.2 Hynothetical S .
For the purpose of the sample run, a 10 mile construction zone in a two-lane highway

was assumed. Both rural and urban environments were analyzed. The day of the week randomly

selected was Wednesday. Following there is an example of the general input data:



Model Constants]

e — |

QUEWZ-92 uses a series of model constants for various calculations.

Either the default values provided below may be used, or new values may
be specified that better represent local conditions.

Present New

Value Value
Cost Update Factor----------~------- > 1.3 1.3
Percentage of Heavy Vehicles (%)---> 8 8
Speed-Volume Relationship:
Free Flow Speed (mph)--~--vccceuuo- > 60 60
LOS D/E Breakpoint Speed {(mph)----- > 46 46
Speed at Capacity (mph)------------ > 30 30
LOS D/E Breakpoint Volume (vphpl)--> 1850 1850
Volume at Capacity (vphpl)--------- > 2000 2000

1
Work Zone Capacity’
j

The following equations are used to estimate the capacity per open
lane (C) through the work zone:

C = (1600 pephpl - I - R) *H and H = 100 / [100 + P * (E - 1)]
The base capacity of 1600 pcphpl is adjusted for the work type and
intensity (I), the presence of ramps (R), and the presence of heavy
vehicles (H). The value H is based on the percentage of heavy vehicles
(P) and the passenger car equivalent for heavy vehicles (E).

Present Values for Work Zone Capacity:

Inbound direction (vphpl)----- > 1515

113
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—]
Work Zone Capacity - [Inbound] |
|

The following equations are used to estimate the capacity per open
lane (C) through the work zone:

C

(1600 pcphpl - I - R) *H and H = 100 / [100 + P * (E - 1)]

=> The current P value (percentage of heavy vehicles) is 8 %. To change
the P value, use the Model Constants screen.

Present New
Value Value
I = Adjustment for the type and intensity--»> 0 0
of work activity [-160 to 160 pcphpl}
R = Adjustment for the presence of ramps---> 0 0
{0 to 160 pcphpl]
E = Passenger car equivalent (veh/pc)------ > 1.7 1.7
C = Per-lane capacity (vphpl)-------------- > 1818 1515

1
Work Zone Capacity - [Outbound] |
|

The following equations are used to estimate the capacity per open
lane (C) through the work zone:

a
"

(1600 pcphpl - I - R) * H and H = 100 / {100 + P * (E - 1)]

=> The current P value (percentage of heavy vehicles) is 8 %¥. To change
the P value, use the Model Constants screen.

Present New
Value Value
I = Adjustment for the type and intensity--»> 0 0
of work activity (-160 to 160 pcphpl]
R = Adjustment for the presence of ramps---> 0 0
[0 to 160 pcphpll
E = Passenger car equivalent (veh/pc)------ > 1.7 1.7
C = Per-lane capacity (vphpl)---------=-~--- > 1518 1515

The above input data remained unchanged in all the runs to establish a comparable
background for the different options analyzed. The two possible outcome options were also

analyzed for each scenario: additional road user costs and lane closure schedule. For the
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additional road user costs options, a user-defined lane closure schedule had to be entered and
this work activity schedule remained constant throughout the different runs. The hypothetical

work schedule input was as follows:

—
Schedule of Work Activity|
|

The Road User Cost option evaluates a time schedule specifying when
lanes are closed and when work activity is actually underway. Work
activity may be conducted during any part or all of the time that lanes
are closed.

Present New
Value Value
Hour lane closure beging------------------ > 7 7
( 0 - 23 are acceptable)
Hour lane closure ends-------------------- > 19 19
( 8 - 24 are acceptable)
Hour work activity beging----------cocue-- > 7 7
( 7 - 18 are acceptable)
Hour work activity ends-------------c--o-- > 19 19

( 8 - 19 are acceptable)

From this work activity data, several options were examined. The hourly traffic counts
used for the example were downloaded from the database of the Transportation Statistics Office
of the Florida Department of Transportation. The structure of the database, as well as the
example data downloaded, are included in Appendix B. This data was processed to calculate an
average hourly percentage of AADT for each direction and each day of the week for the specific
traffic counter location. The data in tabulated form, as well as the average hourly values of
percentage of AADT for every day of the week, are included in Appendix C. The following
matrix (Table 5.1) summarizes those different options analyzed; outputs of every run are

included in Appendix D.



General input data:

Table 5.1 Different options analyzed with QUEWZ

Day of Week: Wednesday

Number of Lanes in Each Direction = 2
AADT = 20,000 vpd

Hourly Traffic Counts = Appendixes B and C.

Excessive Queue Definition = 20 minutes of delay
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=1

Run # " Lanes Closed | Traffic Input

__Location Output Option
a 1 Inbound AADT Urban RUC
b 1 Inbound AADT Urban Closure Schedule
a 1 Inbound AADT Rural RUC
b 1 Inbound AADT Rural Closure Schedule
a 1 Outbound AADT Urban RUC
b 1 Outbound AADT Urban Closure Schedule
a 1 Outbound AADT Rural RUC
b 1 Outbound AADT Rural Closure Schedule
a opoound. AADT Urban RUC
b 11 (;T,?S::: d AADT Urban Closure Schedule
a opoound. AADT Rural RUC
b 1 Inbound AADT Rural Closure Schedule
1 Outbound
a 1 Inbound Hourly Volumes N/A RUC
b 1 Inbound Hourly Volumes N/A Closure Schedule
a 1 Outbound Hourly Volumes N/A RUC
b 1 Outbound Hourly Volumes N/A Closure Schedule
a Jomoound | Hourly Volumes N/A RUC
b 1%’:}?&?:: d Hourly Volumes N/A Closure Schedute
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The following Table 5.2 shows the additional road user costs obtained with the

previously described analysis.

Table 5.2 Additional road user costs calculated with QUEWZ in every run

Additional Road
Lanes Closed Traffic Input Location User Costs
1-a 1 Inbound AADT Urban 882.00
2-a 1 Inbound AADT Rural 423.00
3-a 1 Qutbound AADT Urban 1021.00
4-2a 1 Outbound AADT Rural 421.00
1 inbound 882.00
5-a 1 Outbound AADT Urban 1021.00
1 Inbound 423.00
6-a 1 Outbound AADT Rural 421.00
7-a 1 Inbound Hourly Volumes N/A 907.00
8-a 1 Outbound Hourly Volumes N/A 1011.00
1 Inbound 907.00
9-a 1 Outbound Hourly Volumes N/A 1011.00

According with the results from Table 5.2, it is easy to observe the differences between

using the AADT input option (and consequently the default hourly traffic patterns) and using

the real hour volumes that correspond to the location under analysis. If the location is urban,

then the difference between the AADT input option and the Hourly Volume input is about $

25.00 in the Inbound direction, and about $ (-10.00) for the Outbound direction. Even though

these differences are not necessarily dramatic, they actually represent the additional user costs

over the whole day, or the total hours of closure of the lanes. The main differences may appear
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during different hours, and because at the end of the day the numbers compensate for one other,
the final result may not be very significant.

To better explain this concept, Figure 5.3 shows the different patterns of the hourly
volumes for Wednesday (the selected day of the week in this example). It is easy to observe that
the peaks actually occur at different times, which means that during some hours the default
pattern of the model is overestimating the road user effects and on some others it is
underestimating those effects. Since lane closure schedules are highly sensitive to hourly costs,

the use of real hourly traffic volumes becomes quite important.

Hourly Distribution of AADT
Wednesday

% of AADT In Hour

012345678 9101112131415161718192021222324
Hours of Day

—&— Urban Default Pattern (Texas) —e— Traffic Count Pattern (Florida)

- % - Rural Default Pattern (Texas)

Figure 5.3 Different traffic patterns (default and actual)
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For instance, the graph of Figure 5.3 shows that in the case of an urban work zone, if the
scheduler uses the default pattern, he or she may be tempted to close the lane/s from 10:00 AM
to 3:00 PM (hours 10 to 15), but this scheme will cause a major problem at 1:00 PM (hour 13)
when the “real” peak occurs. If the work zone were in a rural area, the problem changes: both
patterns (default and real) follow roughly the same trend, but in this case there is a large
difference in the volumes, producing a large difference in the additional road user costs. (Table

5.2).

5.4.1 Accident Reduction Factors

Accident reduction factors are necessary to determine the benefit/cost (B/C) ratios
needed in order to assess funding allocations for safety improvement projects. (Wattle). In
general, the higher the B/C ratio, the more critical the project. The cost factor of the ratio is
simply the cost of construction and mé.mtenance amortized over the expected life of the project.
The benefit part of the ratio is not so easy to determine. .These benefits are actually the benefits
to society, and they are generally considered to be the cost of the accidents that are expected to
be prevented.

The Technical Advisory T-7570.1 of June 30, 1988 from the Federal Highway
Administration on the subject "Motor Vehicle Accident Costs" provided information on
developments in estimating motor vehicle accident costs, and it aimed to encourage the State

Highway Agencies to use these accident costs for economic analysis of highway projects and

programs.
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When estimating the accident costs, the FHWA report pointed out that to avoid
disproportionate attention to locations where a fatality occurred, the State Highway Agencies
should use combined fatal-plus-injury costs (also property damage only or PDO if available).
This may be done on a statewide basis, by functional system, by land use (rural/urban), by
accident type, or some other combination depending upon the data available within the State's
accident records system. The differences in combined costs , the report said, would reflect the
variations in accident severity.

A subsequent publication of FHWA on the same subject (T-7570.2) was released on
October 31, 1994 canceling the previous one of 1998. This new report provides updated
information on the most current comprehensive costs of motor vehicle traffic accidents that are
appropriate for use in benefit-cost analyses.

Among other things, the technical advisory report defines three measures of accident
costs that are commonly used to account for the cost of accidents:

Comprehensive Cost: This is a hiethod of measuring motor vehicle accident costs which
includes the effects of injury on peoplé's entire lives. It is probably the most useful measure of
accident costs because it includes all the cost components and assigns a dqllar value to each one
of them. There are 11 components of these comprehensive costs:

- property damage

- lost earnings

- lost household production

- medical costs

- emergency services

- travel delay
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- vocational rehabilitation

- workplace costs

- administrative

- legal

- pain and lost quality of life

These comprehensive life values are estimated by examining the risk reduction costs
from which the market value of safety is deduced.

Year Lost Plus Direct Cost: This cost includes the same cost components as the previous
category, but it replaces lost earnings, lost household production, and pain and lost quality of
life with a non-monetary measure equivalent to lost years. The costs of the category which
actually have a monetary value are known as "direct costs":

- property damage

- medical costs

- emergency services

- travel delay

- vocational rehabilitation

- workplace costs

- administrative and legal costs

Human Capital Costs: This category includes all the comprehensive cost components
except pain and lost quality of life.

The FHWA report also defines the concept of "willingness-to-pay cost". This concept
refers to the costs that the society is willing to pay for safety improvements to prevent fatalities

or injuries. However, according to the report, a review of the economics literature revealed that
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these cost estimates are drawn from safety markets showing how much people actually pay to
reduce safety risks, not necessarily what they are willing to pay.

The motor vehicle accident costs recommended for use by State and local highway
agencies are shown in Tables 5.3 and 5.4. Table 5.3 contains comprehensive costs in police-
reported crashes by Abbreviated Injury Scales (AIS) severity, in 1994 Dollars. Table 5.4 shows
comprehensive costs in police-reported crashes by K-A-B-C Scale severity, also in 1994

Dollars.

Table 5.3 Comprehensive accident costs - AIS severity

Severity Descriptor Cost p&r] Injury
AIS 1 Minor 5,000
AIS 2 Moderate 40,000
AIS 3 Serious 150,000
AIS 4 Severe 490,000
AIS 5 Critical 1,980,000
AlIS 6 Fatal 2,600,000
|| AIS: Abbreviated Injui_Scale

The Florida Department of Transportation (FDOT) presently has a comprehensive
accident record system. Accident data from across Florida are taken on a standard Florida

Traffic Crash Report form (FTCR).
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Table 5.4 Comprehensive accident costs - KABC scale

Severity Description Cost pfsr] Injury
K Fatal 2,600,000
A Incapacitating 180,000
B Evident 36,000
C Possible 19,000
Property Damage
| "0 | owy 2,000 |

The 1991 Highway Safety Improvement Program Guideline Topic No. 500-000-100-c
of the FDOT states the following:

"The Florida Statue 316.0066 requires that an investigating officer
forward a written report to the Department of Highway Safety and
Motor Vehicles (DHSMYV) if a crash results in bodily injury to, or
death of any persons, or the crash involves a violation of statutes
316.027(2), 316.061(1) or 316.193. Additionally, any crash which
requires a wrecker to clear the wreckage shall be reported.”

It also states:
"In every case which does not meet the circumstances described
above, the law enforcement officer may, within 24 hours after

completing the investigation, forward to DHSMYV and provide each
party involved in the crash a short-form".

Data Processing:
Once the reports are processed by DHSMV, they are then forwarded to the Department

of Transportation Safety Office to be processed regarding the location on the stated maintained



124
highway system and the crash severity. The Department then enters these data into its electronic
data base and merges it with the County Roadway Information (CRI) file. Also, the reports are
microfilmed by the Safety Office for future reference and analysis.

The Florida Traffic Crash Report form (FTCR) allows the investigating officer to record
the necessary information with the minimal amount of time and effort, and allows easy
computer coding. This can be seen on the second page of the FTCR form in Appendix E where
a corresponding number represents each contributing factor.

For the purpose of this research project, the contributing factor that was analyzed is
included under the section "Contributing Causes - Road" in the bottom left corner of the second
page of the form, and the coding number is "03: Road Under Repair / Construction". This will
be explained later.

The Crash Record System is a cooperative effort between the Department of

Transportation and the Department of Highway Safety and Motor Vehicles (DHSMV)

5.4.2 Evaluation Methods

The previously mentioned Highway Safety Improvement Program Guidelines (Topic
No. 500-000-100-c) of 1991 also provides instructions about the evaluation methods to
deterfnine the effectiveness of the Highway Safety Improvement Programs. The most common
method is the "Before and After Evaluations", an evaluation to determine the project's
effectiveness. The second is a "Detail Evaluation", which includes an analysis of the type of
crashes and their relationship to the type of improvement. The third method is a "Program

Evaluation", which can be used as an aid to managers in their decision making processes.
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The General Evaluation Process
There are some basic evaluation procedures that are common to all three evaluation

types discussed in the previous paragraph. The following five steps are generally used in the

evaluation process:
1. Selection of project
2. Selection of the evaluation method
3. Data collection
4, Statistical tests to determine the significance of the evaluation results
5. Documentation of the results

The procedures for evaluating selected projects and programs are depicted in Figure 5.4.
In order to analyze the impact of the construction zones on the crash rates, the suitable method
would be Before and After evaluation with some modifications.

In the regular Before and After evaluation method, the duration of the evaluation
includes crash histories for three yearé prior to construction and three years after construction.
The year the construction occurred is not included in the evaluation. The data evaluated includes
the number of crashes, crash severity, adjustment for traffic, and a statistical test for
significance. Each evaluation not only examines the project's effect on crash reduction, but also
on the reduction of crash severity. The number of crashes for the “after” period is adjusted for
the change in traffic count. For projects involving highway sections, million vehicle miles are
utilized (mvm); whereas for spot projects, million vehicles are utilized (mv). In these
evaluations, the traffic count only includes the number of vehicles on the highway being

improved, and it does not include cross traffic.
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With few exceptions, the method of evaluation used for these projects is the comparison
of the crash rates before, and the crash rates after the completion of the project. The basic
assumption here is that without the improvement, the crash level would remain the same as long

as the traffic counts remained constant.

Select Evaluation Method
]
I I I
Before and After Detail Program
‘Evaluations Evaluations Evaluations
I I I
Project Cost and Select Preconstruction Project Cost and
Completion Notice Data Completion Notice
I I [
Data Project Cost and Data
Collection Completion Notice Collection
I I |
Determine Crash Data Determine Crash
Reduction Collection Reduction
Perform Significance *  Determine Crash Perform Significance
Test Reduction Test
| [ I
Document Perform Significance Perform Cost-effectiveness
Results Test Evaluation
I I
Perform Cost-effectiveness Document and Report
Evaluation Results
|
Compare Cost-effectiveness
with B/C Analysis
I
Document and Report
Resuits

Figure 5.4 Procedures for evaluating selected projects and programs

When analyzing the effect of the construction site on the accident rates, the previously

described method is not suitable because of many aspects. In the first place, the method does
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not consider the year when the construction is ongoing. Secondly, the comparison uses "before"
as the worse situation, and the "after" as the improved situation because the goal is to examine
the effectiveness of a safety improvement. For construction sites, however, the difference is in
the "after" crash rate. The "before" situation still corresponds to the crash rate that the area had
before the construction started, but in this case, the "after" would be the variation in the crash
rate while the work zone is in place. Unfortunately, construction zones are scarce (in both time
and locations) and this fact brings another difficulty to the already complex situation.

Due to the scattered characteristic of the construction sites, the number of data gathered
that actually was related to a construction area (coded as "Road under Repair/Construction -
03") as a primary cause of the crash, is quite low. This can be inferred from the accident data
provided by the State Safety Office of the Florida Department of Transportation. A large print-
out of the accident record data base was analyzed and a summary of the findings is presented
in the following tables.

Table 5.5 “a” through “e” concienses the total amount of these accidents per year whose
primary causes have been reported as Road under Repair/Construction (Code 03). The crashes
have been divided among “Crash” (crashes with no injuries), “Fatal” (crashes with fatalities)
and “Injury” (crashes with injuries). The roads are divided according to the number of lanes,
Main Interstates (“Main 1.), Other Interstates (“Other 1.””), Main Turnpikes (“Main TP”), and
Other Turnpikes (“Other TP”). Each category is split into “divided” and “undivided”, and into

“Urban” and “Rural” locations.



Table 5.5a Total number of accidents caused by road under construction (1991)
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Year Divided Highways Undivided Highways
1991 Urban Rural Urban Rural
Road Type | Crash | Fal Injury | Crash Fatal Injury | Crash Fatal Injury | Crash Fatal Injury
< 3 lanes 44 38 11 18 55 1 50 51 1 62
3 lanes 2 2 3 s 7 3 1 1
4 lanes 429 1 410 51 1 64 63 39 2 3
5 lanes 4 2
> 6lanes | 111 89
Main L. 213 1 226 47 1 65
Other I.
Main TP 54 2 65 29 1 33
Other TP 1




Table 5.5b Total number of accidents caused by road under construction (1992)
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Year Divided Highways Undivided Highways
1992 Urban Rural Urban Rural
Road Type | Crash | Fatal | Injury | Crash | Fatal | Injury | Crash | Faal | ijjury | Crash | Fanal Injury
< 3 lanes | %4 98 23 41 73 2 91 95 4 111
3 lanes 5 4 3 5 25 23
4 lanes 5499 |2 564 | 92 3 103 |79 43 1 1
5 lanes 22 18
> 6 lanes | 194 202 1 1 2
Main I. 194 4 192 54 1 76
Other 1.
Main TP | 53 55 39 62
Other TP N




Table 5.5¢ Total number of accidents caused by road under construction (1993)
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Year Divided Highways Undivided Highways
1993 Urban Rural Urban Rural
Road Type | Crash Fatal Injury | Crash Fatal an;xry Crash Fatal Injury | Crash Fatal Injury
< 3 lanes | 76 87 23 36 121 |2 109 | &2 1 113
3 lanes 14 12 26 12
4lanes | 620 |7 551 | 70 87 50 37 7 18
5 lanes 13 8 3
> 6 lanes | 242 2 229 7 4
Main 1. 285 4 355 129 5 214
Other I. 6 3
Main TP 30 39 14 2 29
| Other TP | ! | 1 2__ 1




Table 5.5d Total number of accidents caused by road under construction (1994)
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Year Divided Highways Undivided Highways
1994 Urban Rural Urban Rural
Road Type | Crash Fatal Injury | Crash Fatal Injury | Crash Fatal Injury | Crash Fatal Injury
< 3 lanes | 84 1 86 20 32 133 1 134 73 2 108
3 lanes 4 1 29 17
4 lanes 637 8 644 47 2 51 62 48 5 3
5 lanes 26 22
> 6 lanes | 385 n
Main 1. 347 1 472 138 8 172
Other 1. 1 2
Main TP | 18 10 12 17
Other TP | 1 1 1
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Table 5.5¢ Total number of accidents caused by road under construction (1995)

Year Divided Highways Undivided Highways
1995 Urban Rural Urban Rural
Road Type Crash Fita_l___ Injury Crash Fatal Injury Crash ialal__ Injury Crash Fatal Injury
< 3 lanes | 153 —T 128 K} 47 152 2 155 109 9 145
3 lanes 7 6 2 11 4 2
4lanes | 775 | 8 753 | 81 1 91 68 1 43 7 7
5 lanes 26 14
> 6 lanes | 473 3 413 1
Mainl. |23 |1 321 139 |1 178
Other L 1 2
Main TP | 19 24 10 1 11
Other TP .

Table 5.6 shows the average of crashes of the five-year data to be compared with the million

vehicle miles by roadway class and category (Appendix F).
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Table 5.6 Total number of accidents caused by road under construction (average)

Year Divided Highways Undivided Highways
1995 Urban Rural Urban Rural
Road Type | Crash Fatal Injury | Crash Fatal Injury | Crash Fatal Injury | Crash Fatal Injury
< 3 lanes | 88.2 0.2 70.2 21.6 34.8 1068 | 1.6 107.8 | 82 3.4 107.8
3 lanes 6.4 5 1.2 2 21.8 13.2 1 0.6
4lanes | 602 |52 5856 | 682 | 14 | 792 |64 |02 43 4.4 6.4
5 lanes 18.2 12.8 0.6
> 6 lanes | 209 1 261 1.8 0.8 0.2 0.4
Main I. 2584 |1 2.2 3132 | 1018 | 3.2 141
Other 1. 1.4 1 0.2 0.4
Main TP 34.8 0.4 38.6 20.8 0.8 30.4
Other TP 0.4 0.4 0.2

Figure 5.5 displays the different percentages of the total crashes that have been reported as
having as a primary cause the presence of road under construction.Table 5.7 shows the total number

of accidents reported as due to road construction area in comparison with the total number of

crashes.
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Table 5.7 Total number of accidents and total number of accidents due to construction

;otal Crashes due to Road Total C-rashes P:rcentage of Crashes due to
Construction (Code 03) Road Construction (Code 03)

Year Crash Fatal _ Injury Crash Fatal gury Crash TFatal Injury
1991 | 1175 10 1171 102821 | 1528 106596 1.14 0.95 1.10
1992 | 1587 16 1696 102946 | 1426 112206 1.54 1.12 1.51
1993 | 1822 23 1951 107885 | 1702 116724 1.69 1.35 1.67
1994 | 2023 23 2192 110041 | 1650 121251 1.84 1.39 1.81
1995 {2331 27 2351 __132147 1668 127726 1.76 1.82 1.84
Total | 8938 99 9361 T555840 7974 584503 1.61 1.24 1.60

Percentage of the Total Crashes
Reported as Due to Road Construction
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Figure 5.5 Percentages of total crashes caused by road construction








































































































































































































































































































































































