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are charges fees. IlUsers"
divi ls use pay that use
directly related to as gasoline taxes,

on fees, automobiles and
nci on is 1oca1 tax revenue

ci es to or expenditures for road construction
ma i ntenance. Overall, however, 99 percent of State hi ghway revenue
comes from taxes and fees placed di rect lyon the users of the hi ghway
system.

A basic principle user tax equity is that the proportion of
revenues deri from user shoul d be equal the propo on of
costs the public bears in providing serviceable highways for that user.
A balanced tax structure waul d produce revenues from each user suffi­
cient to cover all costs incurred on behalf of that user. While such a
balance is difficult to achieve, knowing the relationship between taxes
and highway use and service cost is a first step in designing an equit­
able tax structure.

The analytic process used to examine the balance between
revenues paid by user taxes and the cost associated with providing the
highway system is generally referred to as a cost responsibility study.

An underlying consideration of a cost responsibility study is
that the highway system is built to accommodate a variety of vehicles.
Different vehicles have a wide range of requirements for pavement width,
strength, amount of roadway. In cases where construction and mai
nance expenditures are due to the needs of particular vehicles,
those costs s uld be borne by the vehicle classes that require them.
Examp 1es are expenditures such as sing overpasses for truck
clearance, or maintaini ferries which only haul automobiles.

In other cases, expenditures are made which cannot be
related to special vehicle
from traffic signs in equal
specific vehicle classes

ires care 1 analyses

rectly
needs. For example, all vehicles benefit
measure. Separating costs associated with

those which are common to all vehicles
a complex methodology.
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• Traffi c are changi ng
truck leage (Figure 2). Risi
highway construction and
thicker pavement greater capacity.

increase in
truck use increases

iring

Figure 1
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Figure 2
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1 serve as
most sensitive to

time frame ions best
cost respons bil ity fi ndi ngs. Exami nat i on of

will provide reliable baseline estimates.
trends will give estimates which may be more
tax policy. Finally, analysis of the two data

a cross-check and highlight the cost items that are
ing conditions.

me f~ame is best suited for analyzing current
An assessment of data avail abil ity and the

study indicates that FY 1983 to FY 1986 would
mates future costs for several reasons.

1.

2.

Data from the present cost responsibility study will not
be available until prior to the 1982 Session of the
General Assembly, long after appropriations or tax policy

isions have been made for the 1980-82 biennium.

Project scheduling data from DHT are based on a six-year
advert i sement schedul e whi ch is updated annually. The
cu schedule provides estimates of the contract
bi ng sequence through 1986.

The peri od July 1982 to June 1986 corresponds wi th the
1982-1984 and 1984-1986 biennia.

Recommendation 2. The present study should analyze cost and
revenue data for the peri ods FY 1980 and FY 1983 through FY
1986. analyses should be conducted separately. A
follow-up cost responsibility study should be completed in
1985 for use in the 1986-1988 and 1988-1990 biennia.

icle Clas

SJR called for a study of cost apportioning among vehicles
ous sizes and weights. To accomplish this, vehicles which use

nia highways must be aggregated into a manageable number of clas-
classification system used must meet two general requirements.

First, re should be a relationship between classification and the
cost-occasioning size and weight relationships discussed in the next
section. Second, as a practical matter, the classes must correspond to
the in ich vehicles are defined in law and in which the existing
revenue, registration, and traffic volume data are maintained.

of an analysis of key vehicle data available in
le 1. Estimated numbers of vehicles and aver­
1 are shown for the interstate, arterial, and

the great majority of truck traffic.
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Percent of
Equivalent

Single 3
Axle Loads

Typical
Maximum

Gross
Operati~g

Weight

Average
Loaded
Weight

Percent of
Average

Dai ly
Vehiqe

Estimated
Percent
of all

Passenger Car

2-Axle 4-Tire Trucks

2-Axle 5-Tire Trucks

3-Axle Single Unit
Trucks

3 and 4-Axle
Combination Tractor
and Tra i 1el'

5-Axle Combination
Tractor and Trailer

68%

15

3

1

2

10

72% NA NA

16 5,772 10,000

3 15,525 24,000

1 38,426 50.000

2 37,827 48,000

6 50.537 75.000

NA

1%
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SAL 18. flexible pavement.
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le 2

Recommendation 5. The present study should use a projection
of construction-projects for both roadway and structures to be
initiated in FY 1983 ugh FY 1986 based on the best esti­
mates of a realistic schedule as deri by the Department of
Highways and Transportation programming and scheduling direc­
torate.

Projecting maintenance work for FY 1983 through 1986 is also
complicated by the changing requirements resulting from the system age
and use trends described earlier. A straight line projection from
current trends would probably underestimate expenditures for pavement
and shoulder maintenance and possibly other work activities as well.
Reasonable estimates of future work patterns can be obtained by modify­
ing a straight-line projection based on an examination of recent trends
and the judgments of DHT engineering and maintenance personnel.

Recommendat ion 6. The present study shaul d adopt a modifi ed
projection of maintenance work ivities for FY 1983 through
FY 1986 based on exami nat i on of recent trends ~ exi st i ng de-
sign-life records~ and the judgmental input of staff.

Project i on of other cost items is best accompli shed on a
case-by-case basis. General administration costs~ for example, can
usually be projected on a straight-line basis. Capital outlay costs and
the cost of operating weighing stations can be derived from existing
capi ay plans the number of weighing stations projected to be
in operation.

study s 1d adopt
case revi ew
1



step in the cost 1ocat i on process is groupi ng
activities. The grouping should accurately reflect

Virginia highway system while keeping study workload
levels. Projects and work activities in each of the

cost categories of roadway construction, structures, mainte­
costs can be reduced to representative groupi ngs as
following sections. The approach will be essentially

1980 and FY 1983-1986 time frames.

Roadway Construction. Most other states which have done cost
re:5P(Hl~ibility studies have categorized projects based on system desig-

on, e.g., IIrural interstate ll or IImajor primary collector. II Wiscon­
Oregon, for example, have their highway systems broken down into

designations. Virginia's system designation uses only four cate­
es which would group substantially dissimilar types of roads. More

mportantly, roadway designs and, therefore, costs are based on
expected actua1 traffi c volumes and the mi x of heavy to 1i ghter
vehicles rather than system designation. For this reason the present
study design is based on a cluster approach to categorizing projects for
cost ysis.

design of a roadway project is based on three principal

1. Expected traffi c volume, inc1udi ng both total number of
vehicles and the split between trucks and cars.

2. Expected gross weights and axle weights.

3. Soil, topography, and drai nage characteri sti cs of the
construction site.

traffic volumes and weights are estimated for each project
c studi es and trend ana lyses. Soil, topography, and
ons are assessed through a field examination.

A stical analysis of traffic volume and weight estimates
clusters of projects which tend to share similar estimates

~h'~~"Tn,~n, can anticipate similar roadway designs. Figure 3 illus-
.,.", ... .,.,,,. clustering procedure which reduces the original number of

a limited number of cluster design types with each having an
c weight and volume average.

addition, the actual cost for constructing all projects
each cluster produces a cost estimate for each cluster.

ects the relative amounts of earthwork, grading,
lopment, and pavement construction costs associated

example, if of on
vo1ume, heavy k 5 moun-

cost of n
ting
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Table 4

PROPOSED CATEGORIES OF MAINTENANCE WORK ACTIVITY

ORDINARY MAINTENANCE: Activities related to preserving each type of roadway, structure,
and facility as near as possible in its condition as constructed.

1. Surface Repair - Hardsurface Roads. Sealing, patching, joint replacement, and other
spot reconditioning of bituminous and concrete surfaces.

2. Surface Repair - NonHardsurface Roads. Filling holes, grading, and dust reduction
applications to dirt or gravel roads.

3. Shoulder Maintenance.

4. Ditch and Drainage Maintenance.

5. Structure Maintenance. Repair and maintenance of bridges, tunnels, pipes, and cul­
verts.

6. Roadside Maintenance. Maintenance of rest areas and litter removal from roadsides.

7. Sign, Signal, and Safety Device Maintenance.

8. Vegetation Control. Mowing, brush cutting, spraying, and tree trimming and removal.

9. Snow and Ice Contro 1.

10. Traffic Services. Service patrols.

11. Maintenance and Operation of Ferries and Drawbridges.

12. Maintenance and Operation of Weigh Stations.

13. General Expenses. Engineering and general supervision costs for ordinary maintenance
activities.

REPLACEMENT MAINTENANCE: Activities related to restoring each type of roadway, structure,
and facility as near as possible to its condition as constructed. This category primarily
includes work on continuous portions of roadways of 1,000 feet or more, replacing signs,
signals, lighting fixtures, guardrails, and fences, and major repairs to structures and
facilities.

1. Surface Replacement - Hardsurface Roads. Overlays, replacement, and reconditioning of
bituminous and concrete surfaces.

2. Surface Replacement - Nonhardsurface Roads. Reconditioning of sections of 1,000 feet
or more.

3. Shoulder Replacement.

4. Ditch and Drainage Reconstruction.

5. Roadside Reconditioning. Removing major slides and reconditioning of slopes, replace­
ment of sidewalks, gutters, and fences, and major repairs to waysides and rest areas.

6. Sign, Signal, and Safety Device Replacement.

7. Structure Repair.

8. Drawbridge and Ferry Repair.

9. Weigh Station Repair.

10. Flood Damage Repai r. Extraordi nary repai rs of roadways, structures, and facil it i es
due to floods, storms, and landslides.

11. General Expenses. Engineering and general supervision costs of replacement
maintenance activities.

8
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Site ts. Site preparation costs, on the other
, a re to vehicle volume in several ways. Lane and
1 dth and the mensions of excavated "cut-and-fill " earthwork
considered to vary wi expected traffic mix. As a result, site

\/'0,""\:,.':>1" on for a roadway designed for mixed truck and light vehicle
ic is relatively more expensive than for a roadway designed only

r cars 1i ght trucks.

In to estimate the proportion of occasioned cost in site
ion, DHT location and desi division will examine cross

ional designs for the rojects contained in the various clusters
i ous ly desc i gns wi 11 ect the difference in costs

nO"r"l<>on xed traffic and the basic facility. These
s as p ons and app 1i ed against the cost

cluster as ale, 11 provide the cost responsibil-
mixed traffic and basic vehicles. A generally represen-

1e of separat i on of occas i oned from common costs is
5.

some site pr~paration costs are re ated to weight and
sign standards there does not appear to be a

successively heavier trucks and the occasioned
The rel ve size of trucks and
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Figure S

EXAMPLE OF STATE PREPARATION GEOMETRY DESIGN
(0220-011-101, C-S12)

STANDARD GEOMETRY DESIGN
(With large and heavy vehicles)

13.5
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:I
REDUCED GEOMETRY DESIGN

(Without large and heavy vehicles)

I~I .. I
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EXAMPLE OF SITE PREPARATION COSTS
(0220~011-101, C-S12)

Reduced
Standard Design Cost

Items Design (No Trucks) Difference

1. Mobilization $ 159,517 $ 119,941 $ 39,576
2. Excavation 1,122,405 832,059 290,346
3. Borrow 0 0 0
4. Drainage 117,674 108,812 8,862
5. Catch Basin 9,210 9,210 0
6. Box Culvert 50,914 47,631 3,283
7. Incidental Items 460,353 454,251 6,102

Total $1,920,073 $1,571,904 $348,169

SITE PREPARATION COST ALLOCATION

Total Site Site Preparation
Truck VPD Occasioned Total VPD Common Preparation Share

(Percentage) Share (Percentage) Share Share (Percentage)

Passenger Car
& 2A-4%(s) --% 81% $1,273,242 $1,273,242 66%

2A-6T(s) 17% $ 59,189 3% 47,157 106,346 6%
3A(s) 10% 34,817 2% 31,438 66,255 3%
3A &4A(c) 15% 52,225 3% 47,157 99,382 5%
5A(c) 58% 201,938 11% 172,910 374,848 20%

Total 100% $348,169 100% $1,571,904 $1,920,073 100%



Recommendation A review project designs for 1 pro-
jects grouped through the cluster analysis should be used
identify site preparation costs related to the lane and s 1­
der dth and cut-and-fill earthwork costs attributable solely
to trucks and buses. These costs should be allocated among
the four classes of trucks on the basis of the proportion of
miles of travel thin each vehicle category to the total

les of travel for all vehicles in the four truck classes.
Remaining site preparation costs should be considered common
to all vehi es and allocated by methods di scussed in Recom­
mendation 12.

Pavement Costs. Pavement construction costs are generally
considered weight and volume related and, therefore, occasioned costs.
Based on DHT standards and the judgment of design personnel, passenger
cars and light trucks would require only II-foot wide lanes rather than
the 12-foot standard design. This would result in assigning to trucks
approximately eight percent (1/12) of all pavement costs for roads with
standard 12-foot lanes.

Pavement thickness is also clearly related because it is
designed based on the anticipated number of repetitions of axle loads
over the expected life span of the highway. Pavement thickness will be
increased during design in direct relationship to an increased number of
anticipated axle loads. In other words, an expectation that the highway
will be used by heavier trucks, or by more trucks, will require thicker
pavements.

The simplest and most defensible means of identifying and
allocating pavement thickness costs occasioned by various vehicle clas­
ses is to separate the tota1 pavement into components based on the
thickness-to-weight relationship incorporated in the design standards.
Thi s approach, generally referred to as an incremental approach, has
been used in a number of cost responsibility studies at the state and
federal level. Although there are several reasonable variations of this
approach, an incremental allocation of new pavement construction remains
the most generally accepted method.

The feature most common to the incremental approach is the
design of pavement increments for each vehicle class. As illustrated in
Figure 6, the design is done after a IItheoretical minimum ll pavement is
determined. The cross-section shows for one project the amount of
pavement required as each class of vehicles is added to the traffic
stream. Although the increments in this case are designed for only one
project, similar cross-sections can be developed for each of the con­
struction project clusters.

The design shows a total pavement depth of 12.8 units on the
thickness index (T.l.). This is a measure used by DHT in their design

thickness index is used to account the variety of
xes i to ieve desired pave-

e, six inches stone a bitumi nous

23



Required
Increment

1 - ............ ...,. 3.6

2 L s & s) 3.6 (1. 0%) 2.2

3 II. 2A-6T(s) .a (7.7) 2.9

4 III. 3A(s) .5 0.6

5 IV. c) .2 (8.0) 0.8

6 V. 5A(c) (78.9) 2.7

( .0%) (100.0%) 12.8

Increment
Required
Increment

6

5
4

3

2

1

2.7

0.8
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2.9

2.2
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Figure 7

EXAMPLE OF ECONOMIES OF SCALE
INHERENT IN PAVEMENT DESIGN

REQUIRED
PAVEMENT
THICKNESS (TI)

15

12

9

6

3

PAVEMENT DESIGN REQUIREMENT CURVE

INCREMENT 6

o 25 50 75 100 125 150 175 200 225 250 275 300 325 350

ESAL-18

• POINTS ON LINE REPRESENT THE EXAMPLE USED THROUGHOUT THE TEXT

as the number of standard weight measurement units - ESALs - increases.
For example, adding Class II to the expected traffic mix increases
pavement thickness by 50 percent (2.9 divided by 5.8) through the addi­
tion of 27 ESALs. In contrast, the increase in axle weight equivalen­
cies between increment 5 and increment 6 - when heavy trucks are added ­
is 278.3 ESALs, but the additional axle weight requires only a 25 per­
cent increase in pavement thickness (2.7 divided by 10.1).

The important point to be drawn from Figure 7 is that, al­
though the economies of scale exist, there is no technical reason which
clearly requires awarding the benefits to the primary
beneficiaries--Class V vehicles. Three alternative methods which can be
used to distribute the cost of the increments are shown in Table 4. All
three rely on the same increments and are within technically recognized
bounds for Vi rgi ni a I s pavement des i gn practices. The difference is in
the way the economy of scale is dealt with.

In all three methods the costs in each increment are shared by
the vehicle classes which require the increment. The first method
distributes the cost of each increment to vehicle classes on the basis
of their proportion of the vehicles per day. For increments one and



le 4

OPTIONS FOR ALLOCATING COST

OPTION 1: BY VPD

Increment Class I II III V Total-
1 $48,954 $ 1,950 $1,166 $ 1,709 $ 6,621 $ 60,400
2 29,917 1,193 712 1,045 4,044 36,911
3 ,707 6, 9,363 36,314 62,795
4 1,283 1,873 7,268 10,424
5 2,852 11,069 13,921
6 50,463 50,463--

Totals $78,871 $13,850 $9,572 $16,842 $115,779 $234,914

Percentages 33.6% 5.9% 4.1% 7.2% 49.3% 100.0%

OPTION 2: ALLOCATION BY ESAL-18 ABOVE THEORETICAL MINIMUM

Increment Class I II III IV V Total- --
I $48,954 $ 1,950 $1,166 $ 1,709 $ 6,621 $ 60,400
2 351 2,861 1,624 2,960 29,115 36,911
3 4,845 2,784 5,096 5,070 62,795
4 500 918 9,006 10,424
5 1,301 12,620 13,921
6 50,463 50,463

Totals $49,305 $ 9,656 $6,074 $11,984 $157,895 $234,914

Percentages 21. 0% 4.1% 2.6% 5.1% 67.2% 100.0%

OPTION 3: ALLOCATION BY ESAL-18 ABOVE BASIC ROAD

Increment Class I II III IV V Total-

1 $48,954 $ 1,950 $1,166 $ 1,709 $ 6,621 $ 60,400
2 29,917 1,193 712 1,045 4,044 36,911
3 4,845 2,784 5,096 50,070 62,795
4 500 918 9,006 10,424
5 1,301 12,620 13,921
6 50,463 50,463

Totals $78,871 $ 7,988 $5,162 $10,069 $132,824 $234,914

Percentages 33.6% 3.4% 2.2% 4.3% 56.5% 100.0%
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Figure 8

PROPOSED BRIDGE COST ALLOCATION

SUPER SUB
COST RATIO

STRUCTURE STRUCTURE BRIDGE DESIGN GEOMETRIC

COST COST COST FACTOR FACTOR C.R .=D .FxG.F.

)- Waterway Closs I 41,449 41,436 82,885 0.820 0.933 0.765
o::~ .-..: Crossing II 53,478 41,436 94,914 0.939 I o 9~)9"1:w lL
01- --
zif) '<t III 58,292 41,436 99,728 0.987 I 0.987
0)- l.D

IV 57,756 41,436 99,192 0.981 0.981
~U1

1
if) V 59,627 41,436 101,063 1 1 I

Closs I 113,259 109,688 222,947 0.792 0.950 0.752

~
.-: II 144,377 111,997 256,374 0.910 I 0.910lL Waterwayw III 162,422 114,306 276,728 0.983 1 -ן0.963 m

if) l{) Crossing IV 162,261 113,152 275,413 0.978 I 0978)-
if) V 166,152 115,461 281,613 I I 1
)- Class I 264,196 105,389 369,585 0.821 0.877 0720
0::
<t ..-: II 299,525 110,073 409,598 0.909 1 0.901.... lL Grode.~ III- N 319,054 114,757 433,811 0.963 1 0.963
0:: ,..... Separationa.. N IV 316,777 112,415 429,192 0.953 1 0.953

V 333,281 117,099 450,300 1 1 I

~
Closs I 210,567 165,617 376,184 0.820 0955 0.783

w ..-: II 232,794 169,104 401,890 0.81'6 1 0876lL WaterwayI-
III 272,532 172,590 445,122 0.970 I 0.970if) l.D

>- - Crossing
IVif) N 272,343 170,847 443,190 0.966 I 0966

V 284,439 174,334 458,773 1 1 I

Class I 299,961 157,623 457,584 0.784 0.806 0!i95
..-: Ii 356,664 164,629 521,293 0.893 1 089:)if) lL Grade0:: III 389,516 171,634 561,150 0.961 1 0.9GIw N Separationl- N IV 386,144 168,131 554,275 0.949 I 0.949r0

Z- V 408,654 175,137 583,791 I 1 I

Cost Ratio (C. R.) = Cost to build br~e for olhc, cl~s_s__ I/~'iclcs
Co~.1 to build brirlnc for CIO'i'; V v;;llicl;:,;

SOURCE: VDHT BRIDGE DIVISION
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Recommendation 19. Bridge construction, reconstruction, and
replacement projects should be classified into one of the five
typical design categories. Incremental size and weight-re­
lated costs should be allocated among all vehicle classes on

basis of proportionate miles of travel.

Maintenance Cost Allocation

Allocating maintenance costs to vehicle classes is among the
more diffi cul t aspects of a cost respons i bil ity study. Whereas the
relationship between vehicle size and weight and the construction costs
for roadways and structures is generally based on empirical design
relationships, the relationship between maintenance costs and vehicle
size and weight is often judgmental in nature.

In simplest terms, maintenance costs are linked to gradual
deterioration of the roadway, structures, and facilities that make up
the highway system. Deterioration is due to use, age, weathering, and
the actual versus predicted performance of designs, materials, and
construction techniques. There is a general consensus among many high­
way maintenance engineers that the rate of deterioration, particularly
in pavement condition, varies with use of the roadway by heavy trucks.
However, there is little empirical information on what the differential
rate of deterioration is and, therefore, on what basis costs should be
allocated.

To simplify and focus the discussion, the categories of main­
tenance work activities described in Table 4 can be further aggregated
into four groupings of particular importance to allocation of costs:
pavement repair, shoulder maintenance, special-purpose facilities, and
all other maintenance activities.

Pavement Repair and Replacement. The most controversial issue
in cost responsibility studies is the allocation of pavement repair and
rep1acement costs. Pavement mai ntenance presently accounts for
one-third of total maintenance costs, and this percentage can be
expected to increase as the age and increased use of highways result in
more rapid deterioration.

Since pavement design is directly related to heavy truck use,
it follows logically that pavement deterioration is also directly re­
lated to heavy truck use. However, a way to measure this relationship
has not been empi cally established. In other words, although

neeri ng data can demonstrate the need for thi cker pavements to
wei ks, these same cannot be used to

I1Crnnrlctrate an adequate y designed pavement is di sproporti onate ly
damaged the heavy weights for which it was constructed.

31
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on a case-by-case basis.

All other maintenance costs do not
have a demonstrable to vehicle size or weight and are,
therefore, common to es. This category incl maintenance
of bridge structures, di and drainage systems, roadsides, traffic
safety improvements, vegetation control, and snow and ice removal.
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revenue comes nci ly from ve
tax, (2) federal fuel tax, (3)

State motor vehicl e sal es and use
Each revenue source is discussed in

Vi rgi ni a I s hi ghway
sources: (1) State 1
vehicle registration fees,
tax, and (5) federal excise taxes.
the following sections.

There are also several sources of revenue to the highway trust
fund which are not generally considered appropriate for inclusion in a
cost responsibility analysis. These include fees for record-keeping and
regulatory set'vices, and certain permits. In each case the revenues
received are designed to recover the cost of providing the service and
are not available for highway on maintenance purposes.
Revenue sources included are:

1. Operator permit fees designed to recover the cost of
regulating operator testing and licensing.

2. Vehicle title registration fees charged to recover the
cost of protect i ng personal property and enforci ng pro­
perty-related court orders such as liens.

3. Dea1er 1i cense fees des i gned to recover the cost of
dealership licensing.

4. Public recording fees charged by DMV for certifying,
copying and recording public records.

5. Motor carri er permit fees charged by see to recover the
cost of certifying carriers in accordance with State law.

6. Highway permit fees charged by DHT for access to
right-of-way.

These revenues amount to approximately four and one-half percent of
total highway trust fund collections.

State Fuel and Road Tax

Virginia imposes a fixed cents-per-gallon tax on all fuel
purchased in the State. In addition, most trucks with more than two
axl es whi ch are used to carry property are assessed an addit i ana1 II road
tax ll of two cents per gallon on fuel used in Vi rgi ni a regardl ess of
where the fuel is actually purchased. Together the fuel and road taxes
contri bute about 55 percent of State- imposed hi ghway tax revenues.

To identify the proportion of total fuel and road taxes paid
by each vehicle class, a series of assumptions and calculations is
required. The best method is to use an estimate of fuel efficiency by
vehicle class to estimate fuel tax payments. Road tax payments can be
distributed on the same basis. Table 5 illustrates how the propor-
t i onate credit for 1 road tax payments can be estimated us i ng
data avail le for 1979.
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FOR STATE FUEL AND ROAD TAX
(FY 1979 Data)

Vehicle Class
I II III IV V

1 Efficiency Estimates (mpg) 14.1 9.1 5.0 4.7 4. 7

2. llions Mil es of Trave 1 in
rginia 35,373 1,089 327 473 1216

3. Millions of Gallons of Fuel Used
(Step 2/Step 1) 2,516 120 65 101 259

4. llions of Dollars Paid in
Fuel Tax (Step 3 x $.09) $226.4 $10.8 $5.9 $9.1 $23.3

5. Percent of Fuel Used Subject
to Road Tax (from Step 3,
columns III, IV and V) -- 15.4% 23.7% 60.9%

6. Road Tax Collections to be
Credited by Vehicle Class $6,300,000

7. Millions of Dollars Paid in
Road Taxes (Step 5 x Step 6) -- $1. 0 $1. 5 $3.8

8. Millions of Dollars Paid in Fuel
and Road Taxes Combined
(Step 4 + Step 7) $226.4 $10.8 $6.9 $10.6 $27.1

9. Percentage of Fuel and Road
Taxes Paid 80.5% 3.8% 2.5% 3.8% 9.6%

The estimation procedure in Table 5 produces an estimate of
$281.4 llion in total fuel and road taxes paid. Actual collections
were $282.2 million for an overall estimation error of three-tenths of
one percent. Additional refinements will be possible as updated data
become available during the course of the study.

Recommendation 25. For the purposes of this study, adopt the
fuel and road tax attribution procedure illustrated in Table
5.
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Virginia received $7.1 llion in registration fees under IRP
in FY 1980. These revenues can be broken down by weight category using
existing DMV data in same manner as the revenues shown in Table 7.
Therefore, the same apportionment approach illustrated in Table 7 can be
used for IRP revenues. Since most interstate carriers are five-axle
combination tractor-trailers, over 90 percent of all IRP collections are
expected to be received from Class V vehicles.

Recommendation 27. The registration fee attribution procedure
for trucks illustrated in Table 7 should be used in the study.
Actual collection data should be used for passenger cars and
buses.

Virginia Sales and Use Tax

Approximately 15 percent of total highway trust fund collec­
tions come from the sales tax imposed on the sale of motor vehicles or
mobile homes and the rental of motor vehicles. Section 58-685.12 of the
Code of Virginia establishes the tax rates.

At the present time, data are not available on the breakdown
of sales and use tax revenues among the vehicle classes used in this
study. Although several estimating procedures are available, the most
accurate and efficient means to attribute the tax revenues appears to be
by requesting DMV to collect the necessary information from tax forms as
they are received by the department. DMV staff have agreed to the fea­
sibility of this approach. Data could be collected for a three- to
five-month period in early 1981 and be available for use in the current
cost responsibility study.

Recommendat ion 28. DMV shoul d be requested to begi n co 11 ec­
tion of data on~he vehicle class source of sales and use tax
revenues over a reasonable sample time frame.

Federal Excise Taxes

There are six federal exci se taxes that provi de revenue for
federal-aid highway programs.

1. A$.06 per gallon tax on lubricating oil.

2. A 10 percent sales tax on the wholesale price of trucks
and buses over 10,000 pounds.

3. An 8 percent tax on the wholesale value of certain parts
and accessories for vehicles over 10,000 pounds.

4. A$.10 per pound tax on tires.

5. A$.10 per pound tax on tubes.

6. A$3.00 per 1,OOO-pound vehicle use tax on vehicles over
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ABBREVIATIONS

- Average daily traffic

of Highways and Transportation (Virginia)

DMV - Division of Motor Vehicles (Virginia)

ESAL - Equivalent single axle load

GRW - Gross regi stered wei ght

GVW - Gross vehicle weight

IRP - International Registration Plan

TI - Thickness index

VPD - Vehi cl es per day

18-Kp - 18,000 pounds single axle equivalent





AMERICAN RAILROADS BUILDING WASHINGTON, D.C. 20036

INTERMODAL POLICY STUDIES GROUP
Office of the President

December 16, 1980

Mr. Ray D. Pethtel
Director of Joint Legislative

Audit and Review Commission
910 Capital Street
Suite 1100
Richmond, Virginia 23219

Dear Mr. Pethtel:

I enjoyed the opportunity to attend your November 17 "exposure"
briefing on JLARC's highway financing study. Since that time I have
had the opportunity to talk this issue over with Gary Henry and (via
telephone) Bill Lansidle and Gary Allen. In this letter I review my
continuing concerns with your present approval and suggest alterna­
tives. I would appreciate your comments.

I first classify highway costs, then critique your approach to
the arrangement of incremental pavement costs, and finally comment
on your interpretation of the results of the AASHO study of road
deterioration.

I. TYPES OF HIGHWAY COSTS:

A. Costs vs. Expenditures:

As was noted in your presentations, not all economic costs
are represented by government expenditures, nor are all government
expenditures costs in an economic sense. You stated your intent to
neglect--at this time--all costs not represented by state expenditures.
As an expediency, this is defensible in the short run; however, use­
induced variations may be extremely important, and should be incorpo­
rated into future analyses. In the remainder of my remarks, however,
I restrict myself to "costs" which occur in the form of Virginia high­
way-related expenditures.

B. Direct vs. Common Costs:

Highway expenditures can be divided into "direct" and "common"
Direct costs are those for which a casual linkage can be estab­

some measure of road use ("direct variable cost") or with
that some speci vehi class use a highway
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D Costs:

rect costs are costs of design stan-
attributable to a speci c class of vehicles for

new or capi improvement projects. For example, the costs
structures, pavements, and geometrics would be less were there

no heavy truck Here I discuss only pavement direct fixed
costs s your initial report repeated the traditional error of

those pavement costs which are direct fixed costs and those
are common.

1. Distinction of Fixed and Variable Costs: Direct fixed
costs can only be avoided in the design stage. Once the facility
is constructed, reductions in use cannot affect the initial cons­
tr expenses. Thus, the expenditure categories which should
be examined to determine direct fixed costs are construction
ex:pE~n;~ltures on new highway projects or capital improvements to

sting highway facili es. As noted above, rehab expenses should
be treated separate

2. Estimating Direct Fixed Costs - The Traditional Approach:
Let me turn now to the question of how direct fixed pavement costs
should be estimated. Your current approach, basically the traditional
approach, is confusing. You first ask what type of pavement would be
designed were only light vehicles expected to use the road.* Second,
one asks what road would be bui were light vehicles to travel
(their mileage and Class II vehicles -- the next heaviest
group of vehicles) their augmented (via the same process discussed
above) leage. This process continues until the last vehic class
is introduced.

The cost assignment process then works in reverse.
heaviest class is assiqned the costs associated with the last

design increment of paveme~t ( a correct procedure as discussed
below) i then the costs associated with the second pavement incre­
ment are assigned to both the heaviest and the next heaviest class in
proportion to their respective leages (actually axle mileage). Since,
however total mileage per vehicle class increases as vehicles become

(and more numerous), a large share of all pavement increments
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s not of course, assign all pavement
costs. But, as be apparent, the case for assigning all
capi improvement projects costs is very weak -- a fraction of
new pavement costs are the shared responsibility of all users and
thus of common costs. The traditional approach assigns all
pavement costs by lumping common and direct costs a highly con-
fus s is an error -- not a virtue.

E. Summary Treatment of Direct Costs:

In any event, your analysis should, regardless of the method
you select to allocate 3-R costs, distinguish between those expendi­
ture categories that are in principle avoidable and those costs that
are fixed once one determines the vehicle mix to use the road. I
suggest you summarize your results in a tabular format such as that
shown below

VEHICLE CLASSES

COST RESPONSIBILITY CATEGORY Passenger Vehicle ... 5-axke
Truc s

Direct Avoidable

rect Fixed

Total Direct Cost Resp.
I

II. COMMON COSTS:

A. Calculation of Common Costs:

Common costs are readily calculable -- they are simply the
difference between total highway expenditures and total direct costs.
Total direct costs are the sum of all costs in the last row of the
above However, is important that your report explicitly
estimate common cost figure since common costs are the portion
of the budget that cannot be assigned on technical, analytic
grounds ( a "cost occasioned" fashion) but are rather that portion
that must be assigned conformi with principles of political

Past es -- and the approach you have so far adopted
s locating common costs via spurious casual
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B. Treatment of Common Cost Issue

To assist itical
examine how common costs are now
principles (mark-up over costs
fits received) to develop a range
and finally analyze the impact of each scheme.
these points:

bene­
schemes

Let me elaborate

1. Estimate the Current Common Cost
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bil ies calculated in step I.E. and ~~,~r'~~
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Figure 3 illustrates the possible performance of three pavement
designs constructed to handle predicted axle loadings over a 20 year period.
Curve 1 represents an underdesign: the pavement will actually reach
failure Un AASHO Road Test terms) in 15 years. Curve 3 represents an
overdesign: the pavement will not fail until af~er 20 years, perhaps long
after.. Curve 2 represents the design that will perform in the expected
manner. These curves are generally intended to represent flexible pavement.
For rigid pavement, the flat slope on top might be expected to last longer
for curves 2 and 3 with a steeper final slope to failure.

* Excerpt from IITechnical Inadequacies and Biases of the Highway
Cost location Study Plan" - Counseltrans Inc. Rockvi , MD. 20852.
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Staterrent
for

SJR 50 Subcorrmittee on Cost Allocation
December 17, 1980

This afternoon we have heard detailed

on the SJR 50 cost allocation

technical

Representatives

from the tr:ucJdrlg and the railroad industry are concerned

about the effect this in particular the rrethadology for

costs the subsequent tax str:ucture to recover those

costs, upon the camoetitiV'e I-'v",-,- ,--,-v... of their industries. Their

concern is Your decisions on cost allocation will

affect the cOIrp:~ti those .L.LC;;;-'-~!1'- carriers.

However t SJR 50 and its cost allocation study have not been

to or harm either the trucking or the railroad

Therefore, is unfortunate that the discussion on

this issue so often l:ecanes one of "tr:ucks vs. trains." However

that discussion may be, and my friends

Reith and YJr. Ellis have never failed to make it interesting,

it causes and spectators to lose of the

issue.

here about rroney. lack

revenues costs" is a refrain

's to all of us. But it that .LC;;;.'-.L<.L..l..U

us here Cost is a COHlI=IJ.:l.Cd.l:.eu

are here to do rrore than
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or detail. We

must strive to

we are here

our attention on the issue. Sinply

about how to our investrrent our

investrrent -- in k~~k~~~.~'S highways.

It seerrs that highways will continue to be

built and rraintained taxes and fees paid by Virginia

nlgnway users. It is your subcarmittee, the cost allocation

, that will decide how much revenue each class of

those users will have to contribute. Virginians I and

nlqnway users pay less of their income for the

construction and rraintenance of now than they did 20

years ago. I think rrany would object to paying

rrore to maintain this i.. fi they can be

assured

rroney is not

their -6hevr.e. no more and that their

Hlqhway programs aDd in Virginia and the rest of

the

and

are

tCMard an

away from an on new construction

on rraintenance reconstruction.

~Dst of the interstate and arterial svsrpm carq::>leted and in place.

causes

care of what we have. This brings

look at the reasons for highway

for rraintenance and

hardabout the need

We must now concentrate on
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the states Florida, Tennessee

and others as statements state highway officials

thJrotlgh the years acceptance of the idea that heavy

are a share of highway

These sarre state that the trucking industry is not

CUJcTE;nt~ly """:::1'.7; "",,r< its share of revenues in pr-OpOrtion

to the arrount causes to be rrade on the highway

Since rounts the country indicate that

the number of trucks in to the of cars on the

is this underpayrrent the trucking industry

w:Ul

this

Mr. Reith's staterrent that

I
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111 GATEHOUSE ROAD FALLS CHURCH VIRGINIA 22047 !III 703 AAA6000 l1li CABLE AMERAUTO

December 23 1980

1100

Pethtel
Audit

Commission
Street - Suite

inia 23219

Mr.
Joint
and Review
910
Richmond

Dear Mr. Pethtel:

This is a follow up to my letter of
s which you are mak

5 the cost
in accordance with SJR 50

I have had an oppor to review some of the material which has been
developed thus far and in the main I believe that you are proceeding in an
orderly and technically sound manner consistent with the methodology used in
other states where such studies have been conducted (California,
Florida, Georgia, Oregon, and Tennessee).

In the most recent material coming to my attention I note that the
methodology calls for Right of Way to be assigned on a common cost basis. On
page 12 of the document under "Construction Cost Allocation Recommendations"
it notes that ROW will be assigned on a common cost basis with qualification
for 1985. I don't know what the "qualification" is but extra ROW
needed where lanes are required should be attributed to trucks. Also
in areas where truck traffic is so extensive as to reduce capacity
some part of the cost of additional travel lanes should be attributed to
heavy vehicles

On page 14 it appears as only six feet of shoulder is
even where vehicles are expected. Since most of the large

feet wide shouldn't the paved shoulder be at least that wide
such rigs to completely off the travelled way when

Shouldn't this extra two feet of shoulder be attributed to
vehicles?
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Mr. Roy D. Pethtel
December 23, 1980

2

passenger cars and truck loadings. Take particular note of Table 1 on page 16.
This shows that large trucks (those over 6000 Ibs o gross account for
89% of pavement damage although they represent only nine percent of vehicle
registration. This is consistent with findings in Oregon, Tennessee and
other states. As a result of these findings California found some 58% of total
pavement construction cost assignable to vehicles gross loads in excess
of 6,000 Ibs. (pg. 3). Also the Arroyo Seco Freeway which carries passenger
car traffic served some 35 years without structural pavement overlay whereas
Route 99, built to essentially the same standards but serving mixed traffic,
required several overlays in the same time period (pg. 11).

Sincerely,

c~~~
D1rector y I'
Highway Department

CNB:lbh
Enclosure
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cost analysis is not anofan incremental approach, is
i study in any respect.

understand this issue, let's talk first about the
increme 1 method of pavement cost analysis which was derived and used
by the Federal Highway Administration and in most state cost allocation
studies. The incremental pavement cost analysis begins with
determination, through careful engineering analysis, of the
characteristics and costs 3ssociated with a basic road adequate to
handle passenger cars and light pickup trucks at reasonable highway
speeds. is basic road becomes the standard -the first increment -
which would be used in the absence of heavier axle loadings and is
therefore the equal responsibility of all vehicle classes. Next in the
standard incremental analysis, a careful engineering determination is
made of the additional pavement, base thickness and other
characteristics which would be required to handle axle loadings slightly
higher than those of passenger cars and pickup trucks. The second
increment generally is designed for axle loadings of up to 8,000 to
10,000 pounds. Successive increments of 3,000 or 4,000 pound additions
to the axle weight are then developed by careful engineering appraisal
of the added costs and pavement thicknesses brought about by this
increased axle weight. Thus, through successive additions of pavement
thickness and cost the various increments which are required to reach
the thickness and cost of a highway built to Interstate standards or
state Primary System standards are devised.

I would call your attention to two factors about this
traditional incremental method of pavement allocation. First of all,
note that a large vehicle would be involved in several increments. That
is, the front axle of the combination truck which might weigh 10,000
pounds would be allocated cost responsibility in relation to the 10,000
pound increment. The succeeding axles which might weigh 16,000 to
18,000 or 20,000 pounds per axle would be allocated highway costs in
relation to the higher axle loading increments. Secondly, note that
since the costs are developed incrementally and added together, each
axle is responsible for the costs associated with the increment in which
it is located and a proportionate share of all the costs of the lower
increments.

In practice the proposed study plan is not based on doing any
of this. The JLARC Study would begin with a so-called minimum road
which is a theoretical design which supposedly would be built whether
there were any motor vehicles or not. This theoretical design is then
allocated among all vehicle groups. Secondly, the proposed study plan
would develop increments for a few vehicle classes based on the pavement
thickness and characteristics associated with the AASHO Design Guide.
Based on the so-called equivalent axle load concept derived from the

Road Test, the pavement thickness required for each vehicle class
is determined and the cost for the assigned thickness is then
distributed simply by dividing the total costs by the proportion of

ickness assigned each class. This method greatly
the engineering analysis required and at the same time

whole incremental concept.
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biggest si which has been let by the Federal
Hi Administration its present Highway Cost
Al ocation is a the proportionate share of
pavement cost ich s assigned to axle weight as compared to the
share ich should be to weather, chemicals and other
environmental Study is to be presented to the Federal
Highway Administration late next Summer or y in the Fall. I am sure
that it will not result in a definitive analysis of precisely what
proportion of hi s ld be charged to weight as compared to
other rs. inl give us some means of

a 1 is c all pavement costs
is wei
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Figure II-7B

PAVEMENT COST ALLOCATION EXAMPLE
OPTION 1: ALLOCATION BY VPD

Increment Pass. & 2A-4T 2A-6T 3A 3A & 4A 5A Totals

1 $48,954 $ 1,950 $1,166 $ 1,709 $ 6,621 $ 60,400
2 29,917 1,193 712 1,045 4,044 36,911
3 10,707 6,411 9,363 36,314 62,795
4 1,283 1,873 7,268 10,424
5 2,852 11,069 13,921
6 50,463 50,463._-

Totals $78,871 $13 ,850 $9,572 $16,842 $115,779 $234,914

Percentages 33.5% 5.9% 4.1% 7.2% 49. 3~b 100.0%

PAVEMENT COST ALLOCATION EXAMPLE
OPTION 2: ALLOCATION BY ESAL-18

ABOVE THEORETICAL MINIMUM

Increment Pass. & 2A-4T 2A-6T 3A 3A & 4A 5A Totals--

I $48,954 $ 1,950 $1,166 $ 1,709 $ 6,621 $ 60,400
2 351 2,861 1,624 2,960 29,115 36,911
3 4,845 2,784 5,096 5,070 62,795
4 500 918 9,006 10,424
5 1,301 12,620 13,921
6 50,463 50,463--

Totals $49,305 $ 9,656 $6,074 $11,984 $157,895 $234,914

Percentages 21. 0% 4.1% 2.6% 5.1% 67.2% 100.0%

PAVEMENT COST ALLOCATION EXAMPLE
OPTION 3: ALLOCATION BY ESAL-18

ABOVE BASIC ROAD

Increment Pass. &2A-4T 2A-6T 3A 3A &4A 5A Totals

1 $48,954 $ 1,950 $1,166 $ 1,709 $ 6,621 $ 60,400
2 29,917 1,193 712 1,045 4,044 36,911
3 4,845 2,784 5,096 50,070 62,795
4 500 918 9,006 10,424
5 1,301 12,620 13,921
6 50,463 50,463

s $ 78,871 $ 7,988 $5,162 $10,069 $132,824 $234,914

33.6% 3.4% 2.2% 4.3% 56.5% 100.0%
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