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The benefits may be even greater if the outside 
rails are removed from the bridqes or culverts on 
horizontal curves. Glennon (4l, the Minnesota study 
(6), AASHTO (ll, and TTI 15, p. 251 clearly show the 
need for additional roadway widths on the outside of 
horizontal curves. 

One of the vexing problems with the removal of 
rails from existinq narrow bridqes or culverts is 
that of liability of the local government unit. 
Since most of the structures in question were built 
many years ago under then-prevailing width and road­
side barrier standards, it appears that leaving the 
structures as they exist will not result in liabil­
ity for the qovernmental unit. 

On the other hand, their removal may increase 
safety. It seems likely that if rails are removed 
and an accident occurs there may be some lawsuits in 
which it is claimed that striking the old rail was 
safer than the new design (i.e., rail removed). 
Claims that the old rail was safer and proof of this 
are probably more difficult to deal with than proof 
that rail removal is safer. 

RESEARCH NEEDED 

There is a need for some roadside hazard research 
aimed specifically at this problem. County or local 
road engineers need warrants for bridge and culvert 
rail removal or a set of guidelines for quantifyinq 
the hazard of vehicles striking various bridge ann 
culvert rails versus the hazard of vehicles running 
off the road into the adjacent ditch, stream bed, or 
drainage area. 

It would be most helpful if a set of, say, sever­
ity indexes were developed for specific roadside 
hazards on LVR roads considerinq typical speeds, 
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roadway cross-sections, aliqnment, and roadside h a z­
ards. 
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Cost Responsibility for Low-Volume Roads in Virginia 

GARY T. HENRY AND JOHN M. BENNETT 

Cost responsibility is a research tool for determining the amount highway user 
groups should contribute to the financing of highways. Several cost-responsi­
bility studies have been conducted at the national and state levels; however, 
most have omitted from analysis the cost responsibility for low-volume roads. 
This study presents the method and calculations of cost responsibility for 
Virginia's 43 000 miles of low-volume roads. Costs were divided for allocation 
purposes into three categories-occasioned, demand-driven, and common costs. 
Costs in the categories are divided among four vehicle classes by various meth­
ods. Data and methods for three major cost areas are described in detail: site 
preparation and geometry, pavement construction, and pavement repair and re· 
surfacing. The results of the study show that 75 percent of the costs on low­
volume roads is the responsibility of cars and light trucks. The remaining 25 
percent is the responsibility of heavy trucks. The study also shows that on 
low-volume roads the per mile cost responsibility for each vehicle class is more 
than twice that of high-volume roads. 

Cost responsibility has emerged as a central issue 
in nearly every recent discussion of highway financ­
ing. The term cost responsibility has come to mean 
an analysis of the extent to which highway user 
groups contribute an equitable share of the costs of 
financing highways. At the federal level, Congress 
mandated the completion of a four-year cost-respon­
sibility study by 1982; in the states, at least 20 
cost-responsibility studies have been undertaken in 
the past few years. 

Interest in cost responsibility has been spurred 
by the impact of several recent phenomena on the 
highway financing system. Highways in the United 
States are unique among publicly financed facilities 
in that they have been financed largely by those who 
use the roads. At the national level, about 70 per­
cent of highway funding has come from user payments 
(]J. The dedication or earmarking of user payments 
for highway financing has been held to be a major 
factor in the comparatively high level of develop­
ment of the highway system (1). In recent years, 
however, funds from user payments have not met ex­
pectations for the continuing development of the 
system. The Arab oil embargo, mandated increases in 
fleet fuel efficiency, restr4ctions on the supply of 
motor fuel, and general economic malaise have con­
tributed to the revenue shortfall. 

The failure of established user tax sources to 
produce the expected amount of revenues gives impe­
tus for a change in the level or structure of high­
way taxes. From a political perspective, it is 
easier to pass tax increases if the burden is dis­
tributed fairly. In a social sense, the charges for 
highway use can suboptimize the resource allocation 
and consumption patterns for highways. This can be 
accomplished by establishing an equitable and effi-
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cient taxing burden (1,3). An equity based cost-re­
sponsibility study may,-therefore, provide the basis 
for a politically feasible and socially rational 
change in taxing. 

Cost-responsibility studies under way at this 
time have encountered numerous difficulties. The 
conceptual sticking points of allocating costs of 
joint-use facilities and long-run versus short-run 
marginal cost pricing plague the studies. In addi­
tion, limited data on highway use and the costs that 
use generates make the task difficult. Another 
problem, the cost responsibility for lo-volume 
roads, is the focus of this paper. 

LOW-VOLUME ROAD ENIGMA 

Al though cost-responsibility studies have been tout­
ed as important tools for highway financing, low­
volume roads have been neglected. In light of the 
recent activity surrounding cost responsibility and 
the magnitude of expenditures on low-volume roads, 
the lack of research in the area is an enigma. 
Several reasons for not applying cost responsibility 
to low-volume roads can be identified. 

First, cost-responsibility studies are usually 
sponsored by the federal or a state government. Most 
low-volume roads are not on the federal system and 
only four states have direct responsibility for a 
significant portion of their low-volume roads. Since 
the study sponsors are most concerned with analyzing 
the road systems they administer, low-volume roads 
are not included in the analysis . 

Second, states have generally preempted the levy 
of user taxes by local government. Localities, 
which typically control low-volume roadways, are 
therefore unable to use a study to establish a sys­
tem of equitable user payments. Low-volume roads 
are generally supported from general fund (nonuser) 
sources. 

Third, data on low-volume roads have not been 
routinely collected in a manner consistent with the 
data for higher-volume roads. Usage data and data 
on the cost of maintenance activities are two ex­
amples of data that are necessary but may be lack­
ing. Furthermore, data that are available may be 
collected differently in each administering juris­
diction. Because the data are expensive to obtain 
and difficult to manipulate in the same way as data 
on high-volume roads, the task of determining cost 
responsibility for low-volume roads can be cumber­
some and difficult. 

Low-volume roads have not, however, been excluded 
entirely from cost-related analysis. Two methods of 
analyzing low-volume road costs were used in the 
1961 federal study--relative use and earnings cred­
it. These procedures were designed to split the 
costs of low-volume roads into user and nonuser por­
tions. The rationale underlying these procedures 
was that access benefits accrued to nonusers by the 
provision of the roads. These benefits were, in 
turn, used as justification for property tax (non­
user) support of low-volume roads. 

Although the 1969 federal study clung to the 
earnings-credit method, little theoretical support 
exists for the peculiar treatment of access benefit 
(~_,_!). Access benefit is accrued as a roadway is 
used--the greater the use, the greater the benefit. 
Of course, some types of use derive greater benefits 
than others, and therein lies the general problem 
with benefit analysis. The access benefit argument 
must stand or fall with the decision on whether 
cost-occasioned or benefit received is to be used as 
a mechanism for setting the tax burden. If a cost­
occasioned approach is executed, no exception should 
be made for low-volume roads. 

Low-volume roads have a range of costs that are 
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incurred to accommodate the use of the roads by ve­
hicles of various types. The revenues produced 
through the use of those vehicles are not sufficient 
to recover the expenditures on the roadways. Thus, 
the charges to recover the costs of low-volume roads 
must be generated from nonuse or lump sum charges. 
This does not mean that a nonuser or property tax 
base is appropriate. Other tax sources, such as 
registration fees, are available for low-volume road 
support. The decision to allocate a portion of low­
volume road costs to nonusers on the basis of access 
benefit is therefore arbitrary. 

The traditional affiliation between low-volume­
road expenditures and nonuser tax support was never 
established in Virginia. Since 1932, the relatively 
low-volume secondary road system has existed within 
the state highway system. Funding for the entire 
system has been generated primarily through user 
payments [e.g., motor fuel taxes (59 percent), reg­
istration fees ( 15 percent) , and sales tax on motor 
vehicles (15 percent)]. Thus, a cost-responsibility 
study of Virginia's highways offered the opportunity 
to include a cost-occasioned analysis of secondary 
roads without violating the financing tradition es­
tablished in the state. 

SETTING FOR THE STUDY 

When the 1980 session of the Virginia General As­
sembly mandated a study of the fair apportionment 
and allocation of highway expenditures among motor 
vehicles of various sizes and weights, the condi­
tions were ripe for a study of cost responsibility 
on low-volume roads. As mentioned, the tax base for 
all highway systems was user-oriented and the state 
administered the low-volume, secondary road system. 
Moreover, the importance of the secondary system 
relative to the other systems was impossible to 
dismiss. 

Secondary roads make up 43 000 miles of Vir­
ginia's 67 000-mile system. In addition, 67 percent 
of the state's secondary roads are paved, in con­
trast to the national average of 32 percent for the 
other 49 states. Secondary road expenditures are 
also a major consideration: approximately 40 per­
cent of the state's maintenance funds and 16 percent 
of the state's construction funds are expended on 
secondary roads. These factors made the inclusion 
of secondary roads a necessity in an analysis of all 
highway expenditures. 

As Table 1 indicates, traffic patterns differ 
significantly between Virginia's low- and higher­
volume roads. As might be expected, traffic on sec­
ondary roads shows a higher concentration of passen­
ger cars and pickup trucks. In addition, truck 
mileage on secondary roads is more skewed toward 
single-unit trucks than combination vehicles. A dif­
ference in expenditure patterns and cost allocations 
on the systems is expected from the difference in 
the traffic streams. Therefore, a detailed analysis 
of the expenditures on secondary roads was needed. 

One caveat is necessary here--Virginia's sec­
ondary roads do not encompass all low-volume roads 
in the Commonwealth, and all secondary roads are not 
exclusively low volume. The state's urban system, 
which contains at least 7046 miles of low-volume 
roads, is not included in this presentation, al­
though the state-supported costs of this system were 
included in the study mandated by the General As­
sembly (~.~). In addition, some secondary roads in 
urbanized counties accommodate high-volume traffic. 
For example, the two highest-volume secondary proj­
ects in the study's sample of construction projects 
had a mean average daily traffic of more than 18 000 
cars. Nonetheless, the vast majority of the second­
ary system is low volume in nature. 



Transportation Research Record 875 

Table 1. Travel by each vehicle class on primary and secondary roads. 

Vehicle 
Class 

I 
2 
3 
4 

Description 

Passenger cars and light trucks 
Two-axle, six-tire trucks 
Three-axle , single-unit trucks 
Tractor-trailer combination trucks 

FRAMEWORK FOR COST RESPONSIBILITY 

Proportion of Travel(%) 

Primary 
Roads 

90.4 
3.9 
1.4 
4.3 

Secondary 
Roads 

93.2 
4.6 
1.5 
0.7 

An analysis of cost responsibility determines 
whether users are contributing an equitable share of 
the costs of operatinq the highway system. The 
cost-occasioned approach defines the costs incurred 
on behalf of a user to be the costs for which that 
user is responsible. For example, ferries that 
transport only automobiles should be supported by 
the r evenues generated by automobiles . 

A central problem for cost r esponsibility arises 
because the highway system is built to accommodate a 
variety of vehicles. Different vehic l e s have a wide 
range of requirements for pavement width and 
strength and for the amount of roadway required. The 
approach followed in this study was to divide high­
way costs into three categories: 

1. Occasioned costs--Costs incurred as a result 
of some character is tic of the vehicle stream (e.g., 
weight or size) , 

2. Demand-driven costs--Costs attributed on the 
basis of the relative demand exercised by components 
of the vehicle stream, and 

3. Common costs--Costs that are not causally 
linked to vehicle characteristics or demand and are 
attributed on the basis of overall highway system 
use. 

IMPLEMENTING THE STUDY 

Several key decisions were guided by the mandate 
provided by the General Assembly. Sinc e the study 
was to determine the equitable appor tio nme nt of user 
tax burden for Virginia highway users, the state's 
highway system, construction and maintenance prac­
tices, and vehicle use pattern formed the basis for 
analysis. Therefore, an extensive e ffo rt was 
mounted to develop attribution procedures consistent 
with the design, construction, and maintenance prac­
tices of the Virginia Department of Highways and 
Transportation (VOHT ), 

The mandate also provided guidance for the defi­
nition of costs to be considered in the study. Cost 
responsibility can be constr ued t o inc l ude a ll cos ts 
gene r ated by the highway s ystem--public, pr i va te, 
and opportunity costs . Howeve r, t he s t udy manda te 
asked for a cost-responsibil i t y analysi s as a high­
way financing t ool . Hence, costs were defined as 
the total expenditures on the Virginia highway sys­
tem. 

In defining costs, care had to be exercised to 
ensure that actual or proposed expenditures fully 
captured t he c o s t t o t he public o f prov iding a high­
way system . If some expend itur es , par tic ularly for 
main tenance , wer e be i ng deferred, t hen present costs 
would have been underestimated and passed to future 
taxpayers. 

Detailed analysis of the possibility of highway 
deterioration indicated that highway disinvestment 
was not occurring in significant amounts for the 
purposes of the study. Relevant maintenance re­
placement expenditures per lane mile, a d justed for 
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inflation, showed real growth over the past 10 
years. Other data regarding the natur e of highway 
construct i on showed that much curren t construction 
consists of major reconstruction, resurfacing, and 
rehabilitation of existing highway facilities. More­
over , s tate main t enance e ngineers consistently 
j udged that no a ppre c iable, premature, structural 
deteriora t ion wa s occurring on the state's high­
ways. For these reasons, expenditures were judged 
to be the relevant measure of highway costs. 

Finally, a decision on classifying vehicles had 
to be made in order to implement the study. The 
legislative mandate called for a study of cost ap­
portionment among vehicles of various sizes and 
weights. In theory, a separate cost-responsibility 
estimate could be calculated for each individual who 
uses the highway system. Since calculation of mil­
lions of individual equations is not possible, cost­
responsibility a nalysis requir e s a method for clas­
sifying users i n some meaningful fa shion . 

Classification was achieved by g r oupinq vehicles 
into a manageable number of categories based on the 
following: 

l. Character is tics directly associated with how 
costs are occasioned, 

2. The way in which vehicles are defined by law 
and are taxed, and 

3. The way in which traffic and registration 
data are collected. 

Based on these three criteria, four vehicle classes 
were selected to provide a basis for subsequent 
analysis. 

Class 1--All passenger cars, pickup trucks, panel 
trucks, and motorcycles; 

Class 2--All two-axle, six-tire trucks; 
Class 3--All three-axle, single-unit trucks; and 
Class 4--Three-, four-, and five-axle tractor-

trailer combinations. 

COST-ALLOCATION ANALYSIS 

Low-volume roads are typically designed by using 
different procedures than those applied to Inter­
state and primary highways. In addition, reliable 
data on expenditures, structural conditions, travel 
patterns, a nd vehicl e weights may be diffic ult to 
acquire. These and other problems generally require 
that the c ost allocation for low-vol ume roads be ad-
dressed separately during cost-responsibility 
studies. 

Site preparation, pavement construction, and 
pavement maintenance are among the most frequently 
discussed elements of cost allocation. They repre­
sent the highest expenditure elements of most high­
way systems and include the ma j o r ity of costs oc­
casioned by part icular vehicle cha r acteristic s . This 
section discusses the procedures used to allocate 
these costs for Virginia's secondary roads. The data 
and findings apply only to the study's base period, 
FY 1980. 

Roadway Construc tion Da t a 

site preparation and pavement construction are the 
principal costs i nvolved i n r oadway cons tr uc t ion. 
They i ncl ude the costs most l i kely to vary wi t h the 
size and we ight characteris tics of the traffic 
stream. In order to allocate these costs equitably, 
it was necessary to examine empirically the degree 
to which vehicle characteristics govern the cost of 
secondary road construction. A sample of 61 roadwa y 
construction projects provided the means for this 
examination. 
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Project Sample 

In order to ensure that the analysis would not be 
unduly biased by any single construction project, 
all projects completed during a fiscal year were 
selected for the sample. The 61 projects selected 
ensured that actual costs incurred and materials 
used would condition the cost allocation. 

All projects included in the sample were examined 
to ensure that they were representative of Vir­
ginia's secondary road construction program. The 
examination showed an appropriate geographical dis­
tribution and also showed diversity in project cost, 
size, and in the nature of construction. As a final 
check on the representativeness of the sample, the 
state highway department's construction engineer, in 
concert with construction division personnel, certi­
fied that the project sample represented a typical 
year. 

VDHT maintains an automated file on each con­
struction project that is presented for bid, is 
under way, or has been completed. These files form 
the basis of the department's system for estimating 
project costs. Data kept on the 61 secondary proj­
ects included materials costs and quantities for all 
items included on contract bids. The project files 
provided the means for determining how pavement and 
site preparation costs vary with varying traffic. 

Bec ause the 61 projects compl eted during FY 1980 
had been initiated ove.r sever al ye ar s , it was neces­
sary to standardize prices for like activities and 
material quantities. Failure to standardize pr ices 
would have caused pro jects i nitiated more recen t ly, 
which showed h igher prices ca used by infla t ion, to 
weigh disproportionately in the overall sample. 
Item prices were standardized to mid-FY 1980 levels, 

State Force Construction 

In Virginia, some secondary construction projects 
are conducted entirely by state highway department 
personnel. such projects are statutorily limited to 
!l200 000 and typically involve adjustments to road­
way geometry, some resurfacing, or safety improve­
ments. Although these projects represent a small 
portion of secondary construction, their costs had 
to be accounted for. However, data on materials 
quantities and pr ices are not maintained as accu­
rately as data on contracted projects. It was 
therefore necessary to compensate for state force 
construction by adjusting the project sample . 

To handle this problem, the 61 secondary con­
struction projects were examined by the state's 
engineer for secondary construction to see if any 
projects were directly comparable to the types of 
projects conducted by state forces. The cost of 12 
secondary projects identified as comparable were 
weighted to represent the cost of state force con­
struction. 

Project Clustering 

The projects in the sample were grouped to ensure 
that projects that had similar characteristics would 
be analyzed together. The grouping of projects also 
allowed a reduction in the number of projects to be 
analyzed. 

Most cost-responsibility studies reviewed as part 
of the study literature search simply group projects 
by administrative or functional classification. 
However, these classifications often overlap in 
significant design and traffic features that are 
used as the basis of cost allocation. In Virginia 
this is true even for the secondary road system. Al­
though most secondary roads are low volume, there is 
considerable variation in this regard. Secondary 
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Table 2. Clusters of sec:ondary construction projects. 

Subgroup Characteristics No. of Projects Mean Weighted ADT 

2 lanes, less than I 2 ft lanes 10 79.3 
24 295.0 

7 708.6 
8 1 982.5 

2 lanes, 12 ft lanes 3 623.5 
7 4 263.0 

4 lanes, 1 2 ft lanes 2 18 263.0 

projects included in the sample ranged from the 
typical two-lane, undivided roadway to a small num­
ber of four-lane, divided highways. 

The roadway characteristics judged most relevant 
for cost allocation were the number of lanes, lane 
width, and traffic. Projects were therefore grouped 
into clusters based on these characteristics. The 
process of grouping projects into clusters consisted 
of two steps. 

In step 1 the number of lanes and lane width for 
each pro j ect was used to divide the secondary proj­
ects i nto th ree s ubgroups. Projects were divided 
into subgroups of: 2-lane, less than 12-ft lane 
projects; 2-lane, 12-ft lane projects; and more than 
2-lane, 12-ft lane projects. 

In step 2, within each subgroup of projects, 
clusters were formed by computing the mean and stan­
dard deviation of the weighted average daily traffic 
total, which is used in designing secondary pavement 
depth. Beginning at the mean, cluster boundaries 
were formed by moving up (or down) one standard 
deviation at a time. By this procedure, all second­
ary projects were enclosed in clusters equal to one 
standard deviation in length. 

Seven clusters of secondary construction projects 
were identified by this process. Table 2 shows the 
number of projects, the number of lanes and lane 
width, and mean weighted average daily traffic (l\DT) 
for each cluster. The clustering procedure allowed 
a reduction in workload and minimized the effect of 
aggregation bias, which generally exists if projects 
are not grouped homogeneously. 

The project clusters were used in the allocation 
of the costs of site preparation and pavement con­
struction. 

Site P reparation and Roadway Geometry 

Site preparation includes all activities directly 
related to the construction of a road, except the 
laying of pavements. In general, the activities are 
mobilizing the construction crew and equipment, 
clearing and grubbing, excavating, grading, install­
ing drainage facilities, and providing improvements 
such as signs, signals, and vegetation. Together 
these activities amounted to 53.9 percent of second­
ary construction expenditures in the study year. 

Site preparation requirements and costs vary with 
the size of vehicles that the roadway is designed to 
carry. For example, wider vehicles require wider 
lanes and shoulders. The costs of excavation, 
drainage stcuctures, and other materials are there­
fore increased. Heavier vehicles require thicker 
pavements and generate higher excavation costs as­
sociated with preparing deeper trenches for pavement. 

To determine the proportion of costs occasioned 
by large, heavy vehicles, an incremental technique 
was applied. Mixed-traffic design standards cur­
rently used by VDHT were examined to identify which 
aspects of roadway design could be reduced if the 
roadway were used only by small, light vehicles 
(class l). With safety and speed considecations 
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Figure 1. Example of geometry reduction. 

Table 3. Sample cost reduction from project redesign. 

Design Cost($) Co'st 
Difference 

Site Preparation Standard Reduced ($) 

Mobilization 351 429 190 889 39 552 
Excavation 2 043 665 I 787 778 255 887 
Drainage 292 222 288 706 3 516 
Traffic and roadside 785 IOI 782 994 ___liQ1 
improvements 

Total 3 351 429 3 050 367 301 062 

held inviolate, three size-related reductions were 
possible for most clusters: 

1. Lane width could be reduced by 1 ft, from 12 
to 11 ft; 

2. Cut shoulders could be reduced by 2 ft, from 
B to 6 ft; and 

3. Fill shoulders could also be reduced 2 ft, 
from 10 to 8 ft. 

As is discussed in the next section, when heavy 
vehicles were removed from the traffic stream, 
thinner pavements were also possible. Therefore, 
the redesigning of site preparation requirements for 
a thinner pavement allowed a reduction in trench 
depth. Because the degree of trench depth reduction 
depended on the depth of the original pavement, the 
amount of reduction was computed for each cluster. 
The roadway cross section shown in Figure 1 illus­
trates the reductions possible for a two-lane, un­
divided roadway. 

Assumptions about cost reductions were tested em­
pirically. VDHT design engineers were asked to re­
design actual projects to determine the cost reduc­
tions associated with removing large, heavy vehicles 
from the traffic stream. This procedure ensured 
that cost reductions were based on actual design 
practice rather than on theoretical estimates. 

A project for each cluster was selected for re­
design in order that differences in geometric de­
signs (i.e., 11-ft lanes versus 12-ft lanes) would 
be accounted for . Preference in selection from a 
cluster was given to projects that included all ma­
jor cost elements of site preparation and roadway 
construction and that helped produce an even geo­
graphic distribution of projects across the state. 

The difference between the site preparation and 
roadway geometry costs for the standard design and 
the reduced design was then used as an estimate of 
the truck-occasioned increment of site-preparation 
costs. Table 3 illustrates the results of the re­
duction for one project, which shows a 9 percent re­
duction from standard to reduced design, 
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STANDARD GEOIURY DESIGN 

REDUC>D GEOl:ETRY DES I Gii 

(WITHOUT LARGE & HEAVY VEHICLES) 

The degree of reduction possible for each cluster 
was determined by applying the proportional reduc­
tion generated from the project redesign to the site 
preparation and roadway geometry cost for the entire 
cluster. 

Costs associated with the truck-occasioned incre­
ment were assigned to a vehicle class on the basis 
of their relative use of roadways in the cluster. 
Costs associated with the reduced design were as­
sumed to be a function of the general demand for the 
basic roadway facility, The cost of the reduced de­
sign was therefore categorized as a demand-driven 
cost and charged to all vehicles on the basis of 
relative use. Total cost responsibility for each 
cluster was first summed and then weighted to equal 
total FY 1980 expenditures for secondary site prepa­
ration and roadway geometry. The table below gives 
the results of that allocation. 

Secondary Road Site Preparation 
and Roadway Geometry All ocation 
Cost Responsibility 

Vehicle Class 
1 
2 
3 
4 
Total 

($) 
33 963 446 

2 473 315 
576 048 
362 280 

37 375 089 

Pavement Construction 

Percent 
90.9 
6.6 
1.5 
1.0 

Pavement construction expenditures accounted for 
24.0 percent of roadway construction costs in the 
study year. Pavement construction included pave­
ments that were laid in construction and reconstruc­
t ion projects during FY 1980. Other pavement work, 
such as rehabilitation and replacement, was included 
in maintenance costs. 

Some pavement costs are occasioned by vehicles 
because they demand wider lanes and thicker pave­
ments. Based on the preceding analysis, it was evi­
dent that 1 ft of each 12 ft-lane is required solely 
for large vehicles. Costs associated with this 
width increment are truck occasioned, 

Pavement depth for the entire lane width is oc­
casioned by factors related to axle weights and the 
repetitions of axle weights. Pavement cost alloca­
tion must therefore be sensitive to both the axle 
weights and volume of traffic on the roadways. 

Pavement Design 

Pavement engineering design criteria were used to 
determine the relation between axle weight and traf­
fic volume on the one hand and pavement depth on the 
other. The design criteria were originally develop­
ed in the American Association of State Highway Of-



58 

ficials (AASHO) road tests conducted in Ottawa, Il­
linois, and were modified in Virginia to serve as 
the basis for pavement design. 

For most roads VDHT uses the 18 000-lb equivalent 
single axle load (ESAL) measures developed in the 
AASHO tests to determine required pavement strength . 
In practice, estimates of daily ESALs for the 10th 
year (regarded by VDHT as the design year) are used 
to compute an index of the necessary pavement thick­
ness [referred to as thickness units (T.I.)l. 

In secondary roads, the design process is some­
what different. Secondary roadway pavements are de­
signed from a nomograph that uses a weighted average 
daily traffic total. Although ESALs are not direct­
ly used in the design, empirically derived assump­
tions about vehicle weights are included in the 
nomograph calibration. 

The basic objective of pavement cost allocation 
is to separate a given thickness of pavement into 
two components: (a) a component that is directly 
related to the expected weights of vehicles that use 
the road, and (b) a component that is principally 
the result of the strength and bonding requirements 
necessary to preserve the pavement through weather­
ing cycles. The first component is weight-related 
and allocated to the vehicles that create demand for 
the pavement because of their weight (Figure 2) • 
The second component is more appropriately con­
sidered a demand-driven common cost because it is 
principally related to weathering (~,.§_). 

Pavement Cost Allocation 

The minimum pavement method was used as the primary 
pavement allocation method for both high- and low­
volume roads. It is also being proposed for use in 
the cost-allocation study being conducted by the 
Federal Highway Administration and has been endorsed 
in concept by the American Consulting Engineers 
Council. 

The minimum pavement method begins by determining 
the amount of pavement to be laid if weight were so 
low as to be an inconsequential factor in pavement 
design. VDHT pavement engineers concluded that, in 
Virginia, the minimum pavement equals 3,6 T.I., the 
practical equivalent of 6 in of crushed stone base 
covered by a sealant coat. Pavement thickness re­
quired above 3. 6 T. I. must be concluded to be re­
lated to the axle weights of vehicles in the traffic 
stream. 

Existence of the minimum pavement is best con­
ceived as being related to the demand for the basic 
roadway facility. Accordingly, costs associated 
with the minimum pavement can be allocated by a mea­
sure of relative roadway use. In this study, the 
cost of the minimum pavement for each cluster was 
allocated by each vehicle class's proportion of ADT 
for the cluster . 

Because all pavement above the 3,6 level is 
weight-related, pavement above the minimum was al­
located by the proportion of ESALs contributed by 
each vehicle class. The handling of the weight-re­
lated portion of pavement in this manner distributes 
equitably the inherent economy of scale in pavement 
construction. 

Application of the minimum pavement method to 
secondary pavements is more complicated than appli­
cation of it to Interstate and primary highway pave­
ments. As previously indicated, a nomograph rather 
than an ESAL-dr iven equation is used to determine 
required pavement depth. To avoid a discrepancy be­
tween the amount of pavement determined by the ESAL­
dr iven and secondary road procedure, the nomograph 
was used to compute T.I. ESALs equivalent to the 
total weighted average traffic for each vehicle type 
were then used to allocate the pavement. Table 4 
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Figure 2. Pavement cost-allocation illustration. 
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Table 4. Sample allocation of secondary pavement construction costs. 

Cost($) 

Weight· 
Vehicle ADT ESALs Minimum Related Total Class Percentage 
Gass (%) (%) Pavement Pavement Attribution of Cost 

1 91. 9 1.3 512 753 10 960 523 859 37.4 
2 5.3 38.7 30 687 326 287 357 972 25 .6 
3 1.2 20.7 6 695 174 526 179 757 12 .8 
4 1.4 39.3 7 811 331 346 339 478 24.2 
Total 557 947 843 119 l 401 066 

shows a sample calculation that uses this procedure. 
This procedure was used to allocate pavement con­

struction costs for the seven secondary clusters. 
One cluster contained projects that have pavement 
thickness indices below the 3. 6 minimum. Pavement 
costs for this cluster were allocated on a propor­
tional traffic bas is. All other clusters' pavement 
costs were allocated by the minimum pavement 
method. The table below summarizes the results of 
that allocation. 

Secondary Road Pavement 
Construction Allocation 
Cost Responsibility 

Vehic le class ($) Percent 
l 9 486 473 56 .0 
2 3 559 709 21.3 
3 l 968 351 ll.8 
4 l 659 588 10 .1 
Total 16 710 121 

Paveme n t Re pa ir a nd Re placement 

Pavement maintenance refers to an assortment of 
activities designed to inhibit or reverse the ef­
fects of pavement deterioration. The activities 
range from seal coating, skin patching, and pothole 
filling to resurfacing existing roadways. Pavement 
maintenance had the single highest expenditure of 
all secondary maintenance activities and accounted 
for 44. 4 percent of total maintenance costs in FY 
1980. 

A principal concern in allocating pavement main­
tenance costs is distinguishing the amount of pave­
ment deterioration caused by axle weights, which is 
occasioned by vehicle classes, from the amount 
caused by environmental factors, which is unrelated 
to vehicle use. Al though the AASHO road tests es­
tablish the direct relationship between the number 
of ESALs and pavement deterioration, the results are 
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Figure 3. Pavement maintenance·allocation illustration. 
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not directly applicable to the problem of pavement 
maintenance. The tests lasted only two years, an 
insufficient period to simulate normal weathering 
cycles. Moreover, because little routine maintenance 
of the pavement surface was performed during the 
tests, pavement deterioration was artificially ac­
celerated. 

In recognition of the gaps in technical knowledge 
regarding pavement damage over time, the Federal 
Highway Administration has contracted with con­
sultants to produce estimates of the proportion of 
pavement deterioration that results from weight and 
the proportion that results ·from environmental con­
ditions. Even when the studies are completed, they 
are likely to be subject to much additional review. 
In lieu of empirically confirmed results, estimates 
regarding weight and environmental deterioration 
must be developed judgmentally. 

This study used an alternative approach. For 
this study, the problem was characterized as drawing 
a line through a range of potentially reasonable es­
timates of weight-related versus environmentally re­
lated deterioration (Figure 3). The range of poten­
tial estimates is shown as the shaded area and can 
be labeled the zone of uncertainty. As Figure 3 il­
lustrates, a decision was made to draw the line 
through the zone of uncertainty on the same basis as 
the division between weight-related and minimum 
pavement components in the secondary pavement con­
struction allocation. 

Beside providing results that were compatible 
with those derived from estimates used in other 
states, the use of an estimate related to construc­
tion allowed the study results to be sensitive to 
highway system differences. For secondary roads, 
the cluster-based pavement allocation showed that 
the 3.6 T.l. minimum pavement represented 46.9 per­
cent of pavement costs; 54.l percent of pavement 
costs were weight-related. This same proportion was 
used to split pavement maintenance costs. The en­
vironmentally related portion was allocated as a de­
mand-driven common cost, and the weight-related por­
tion was allocated by proportional ESALs on the 
secondary system. The result of this procedure was 
to allocate less secondary pavement maintenance ex­
penditures on the basis of weight than were allo­
cated on the Interstate and primary systems (Table 
5). 

Table 5. Secondary road pavement 
Vehicle Miles Cost of 

maintenance allocation. Vehicle Traveled Environmental 
Gass (%) Portion($) 

1 93 .2 19191745 
2 4 .6 945 376 
3 1.5 313 066 
4 0 .7 146 235 
Total 20 596 422 
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Table 6. Secondary road cost allocation. 

Cost Allocation by Vehicle Class 
($000 OOOs) 

Item 2 3 4 

Construction 
Pavement 9.5 3.6 2.0 l.7 
Site preparation and geometry 24.8 1.8 0.4 0.3 
Engineering and right-of-way 14.3 0.7 0 .2 0.1 
Bridges 5.4 1.1 0 .6 0.4 
Total 54.0 73. 3.2 TI 

Maintenance 
Pavement 19.7 12. l 7.9 5.1 
Other 52.3 2.6 0.9 0.4 
Total 72.ii ITT 8.8 5.5 

Total 126.0 21.9 12.0 8.0 

STUDY RESULTS 

Thus far, the presentation of results of the cost­
responsibility study has been limited to three ex­
penditure areas. Other areas, such as bridge con­
struction and rehabilitation, and other maintenance 
activities were also considered in the study. A 
summary of the allocation of all costs associated 
with secondary roads is given in Table 6. The pro­
cedures for arriving at these allocations are dis­
cussed in detail elsewhere (5,6). 

The data in Table 6 sho; that more than half of 
the total cost responsibility of each truck class 
comes from pavement maintenance. The size of that 
expenditure item and its high proportion of occa­
sioned costs explains this. Interesting, too, is the 
proportion of costs borne for bridges--nearly 30 
percent of the bridge construction and rehabilita­
tion costs were allocated to trucks. The effect of 
gross weight on bridge design is evident in this al­
location. 

Compared with other cost-responsibility studies, 
the proportion of costs attributed to the individual 
truck classes seems incongruous. The proportions 
are 13.0 percent, 7.2 percent, and 4.8 percent for 
classes 2-4, respectively. This finding can be ex­
plained by the amount of use each of these classes 
contributes on secondary roads (Table 1). Secondary 
roads are frequently traveled by delivery trucks, 
dump trucks, and buses, which are included in 
classes 2 and 3. Class 4 vehicles travel the sec­
ondary roads much less frequently. Therefore, even 
though the ESALs per pass is greater for class 4 ve­
hicles, the paucity of their presence on secondary 
roads minimizes their overall cost responsibility. 

One further illustration lends comparative per­
spective on the cost responsibility for low-volume 
roads. The cost-per-mile responsibility for second­
ary roads can be compared with the cost-per-mile re­
sponsibility for Virginia's Interstate, primary, and 
urban roads (Figure 4). Both of the responsibilities 
were calculated following the methods outlined in 
this paper. 

Cost of Cost 
ES A Ls Weight-Related Responsibility Percentage 
(%) Portion ($) ($) of Cost 

2.1 524 572 19716317 43.9 
45 .9 11 142 296 12087 672 26.9 
31.4 7 623 292 7 936 359 17.7 
20.6 4 995 576 5 141 811 11.5 

24 285 736 44 882 159 
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Figure 4. Costs per mile traveled. 
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The cost-per-mile responsibility is overwhelming­
ly greater for secondary roads. Even with a con­
sistent methodology, the responsibilities are at 
least doubled for each class on the secondary 
roads. Also, the cost-per-mile produces the ex­
pected relationshi p among the truck classes (i.e., 
combinations have greater responsibility than 
single-unit trucks). This, of course, stems from 
removing the impact of the miles traveled on second­
ary roads. 

In sum, determination of the cost responsibility 
for secondary roads was an important part of the 
overall study of cost responsibility in Virginia. 
The findings on secondary roads showed a different 
distribution of cost responsibility than on the 
other systems, as had been expected. The combina­
tion of secondary road allocations with the other 
road system allocations led to the conclusion that 
class 2 and 3 vehicles were underpaying. Inclusion 
of secondary road expenditures in the state's cost­
responsibility analysis was therefore a key factor 
in influencing study results. 
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Effect of Unit-Train Grain Shipments on 
Rural Nebraska Roads 

DEAN LINSENMEYER 

The unlt-trein concept has altered the rural pricing structure for grains and 
consequently encouraged longer-distance truck transportation in larger-sized 
lots by producers and rural elevators over the 1975-1980 period. Annual data 
on grain production, livestock consumption, and storage capacity were obtained 
from Nebraska Agricultural Statistics. Primary data on truck receipu were col· 
lected by interview with the managers of 86 unit-train shippers across the 
state. A computer model was developed to calculate the total ton miles of 
producer transport of grains within the elevator's trade area for eadl district as 
well as ton miles of interelevator transfer. Nebraska producers in 1980 trans­
ported 71 percent more ton miles delivering grain to commercial elevators than 
in 1975. Combined with the growth in interelevator grain transfers by truck, 
the annual ton miles of rural truck transport of grains in 1980 was nearly 
double the 1975 level. The investment required to maintain and upgrade -the 
rural road system is not Independent of changes in other sectors of the total 
U.S. transportation system. The increased use of unit-trains has precipitated an 
increase in the ton miles of grein hauled over low-volume roads 81 well aa an in­
crease in the weight per a11le and e subsequent increase in stress on rural roads 
and ridges. 

From 1975 throuqh 1980, Nebraska's annual production 
of grains and oilseeds averaged more than 22 million 
metric tons. More than 71 oercent of this, or ap­
oroximately 16.5 million metric tons, moved over 
rural roads annually via farm vehicles to commercial 
elevators. The growth in total volume of rural 
qrain traffic in recent years has placed increased 
demand on the rural road system. Nebraska grain 
production increased by 7 percent annually between 
1975 and 1980, more than twice the growth rate of 
u. s. production. With no distinguishable trend in 
Nebraska's feed requirements during the 1975-1980 
period, increased production resulted in an average 
annual increase of nearly 1.5 million metric tons of 
grain to be marketed commercially. 

Historically, bid prices to farmers have differed 
only marginally between competitive 'elevators in a 




