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ary 1, 1935, 1s given as an example of the
varnation to be encountered (Table VIII)

It seems unfair to compare directly the
annual maintenance costs of these sur-
faces without due consideration of the
average age, as well as of the many other

factors affecting the costs There 1s
much need for adoption by the State
highway departments of adequate cost
accounting practices which will record
maintenance costs 1n their true hght and
mmportance

GRAPHICAL REPRESENTATION OF ANNUAL ROAD COSTS ON STATE
HIGHWAYS IN WORCESTER COUNTY, MASSACHUSETTS

By A J BonE
Massachusetls Institute of Technology

SYNOPSIS

This report presents the results of a graphical analysis of the annual road
costs which were described by Professor Breed at the Thirteenth Annual Meet-
ing of the Highway Research Board Annual road costs and motor vehicle tax
contributions have been plotted to scale on a map similar in appearance to a

traffic flow sheet

This plot shows at a glance the relative amounts of the an-

nual road costs on the many different sections of state highways within the
county, and also the relationship existing between these annual road costs and
the tax contributions made by the vehicles using these roads

The methods used in analyzng road
costs on the state mghways of Worcester
County and detailed results for one high-
way route were presented by Professor C
B Breed at the Thirteenth Annual Meet-
ing of the Highway Research Board! (re-
ferred to hereafter as previous report)
This report gives the final results of this
analysis and emphasizes particularly the
representation of these results 1in the form
of a flow sheet of annual road cost The
results of the investigation relate specifi-
cally to the roads studied, but the method
of analysis and representation of results
could be apphed to any system of high-
ways where the basic facts are known

The ongmal purpose of the investiga-
tion was to extend the analysis of road
cost to a system of connected highways,
mcluding trunk lne roads, connecting

1 “‘Analysis of Road Cost on the State High-
ways of Worcester Co Mass ,” by C B Breed,
Proceedings, Highway Research Board, Vol 13
pp 79-110

roads and feeder roads of varymg traffic
densities and with different types of sur-
face The state highways in Worcester
County were chosen for this study be-
cause they are in the central part of the
state and represent a fair average of Mas-
sachusetts conditions, both with respect
to topography and traffic density There
are a httle over 300 miles of state hgh-
ways 1n this county, including nine types
of pavements ranging from surface
treated waterbound macadam 15 ft wide
and 30 years old to a superhighway of
remnforced concrete 60 ft wide Traffic
densities vary from 250 to 10,000 vehicles
per day

Figure 1 shows the relative traffic im-
portance of the different numbered routes
within the county. The principal state
highway routes are 2 running east and
west through the northerly part of the
county, 12 running north and south
through the central part of the county,
9 and 20 runming east and west through
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the central and southern part, and 122 this traffic map are not state highways,
and 140 runnng southeasterly from and were not analyzed m this study
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Figure 1. Highway Traffic Volume for 1933, Worcester County, Massachusetts

Worcester into Rhode Island and south- These routes do not appear in Figures 2
eastern Massachusetts Several of the and 3 except where they connect portions
less important numbered routes shown on  of state highway
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Annual road costs were computed by
the following approximate formula: (See
previous report, page 94)

_(A+8)\. , A-38 E
- ()t 2

where R = average annual road cost,
A = capital investment 1in highway,
B = annual mamtenance cost, r = rate
of interest (4 per cent), n = estimated
hfe m years of the surface before renewal
1s required, S = estimated salvage value
of the highway at the end of n years, and
E = any penodic maintenance required
during hfe of n years.

The capital investment, A, was based
on the final amount paid the contractor
for the construction of the present road,
plus an allowance for engmneering and
overhead, plus right-of-way cost, plus
cost of betterments made since the last
construction, plus whatever value the
prior construction had to the , bresent
road In order that all costs might be on
a comparable basis regardless of the year
m which the work was done, a cost index
was developed for Massachusetts high-
way construction, and used to adjust
contract amounts to a common price
level, arbitranly chosen as the average of
1928-32 prices

The annual maintenance costs, B, were
obtamned from the records of the Main-
tenance Division and are in most cases
an average for the five years 1928-32
The maintenance costs include surface
maintenance, all other mamntenance
within the nght-of-way, snow removal,
traffic control, and engmneering and over-
head They are intended to include all
expenses necessary to maintain the high-
way 1n a serviceable condition throughout
the year.

The estimated hfe, n, has been vaned
according to the type of surface Rein-
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forced concrete was allowed 25 years,
plain concrete 20 years, modern type
bituminous macadam 20 years, old type
macadams and surface treated types 15—
18 years In the case of old roads that
had outhved their expected life, no charge
was made for depreciation (second term
m formula), and the mnvestment was con-
sidered to be only the salvage value

The salvage value, S, was varied ac-
cording to the type of construction For
concrete pavements 40 per cent of the
ongmnal vestment was allowed, for

bituminous types, 30 per cent was al-

lowed

Penodic maintenance, E, was allowed
for plain concrete of an early design mn
order to provide for a bituminous top
course at the end of 10 years Provision
was also made for one seal coat during the

Iife of the modern type bitummous ma-

cadam No periodic maintenance was

allowed for the other types, as their an-
nual maintenance wncluded all anticipated
expenses

A computation of annual road cost has
been made for each contract section and
for each different type of pavement
within a contract seetion, all results have
been converted into costs per mule of
road so that they would be readily com-
parable They might have been ex-
pressed 1 costs per square yard, but 1t
was felt that the cost per mile was a more
significant unit of companson Costs
per mile have one decided disadvantage,
because they fail to show the relationship
between road cost and width of pavement
provided Ths relationship could be 1n-
troduced by expressing road costs
dollars per mile per foot of width In
the detailed analysis supporting the flow
map of road costs, the annual road costs
have been expressed 1n several different
umts. An ilustration of these support-
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ing data 1s given in the previous report, of $28,000 per mile and the narrowest
pages 98 and 99 band about $1000 per mule

In Figure 2 the annual road cost per The general appearance of the map 1s
mile for each contract section 1s plotted much like the traffic map shown in Fig-

NEW  HAMPSHIRE

- - — s - T -
\ ROVALETON i h )
!
)

ASNBURRNAM

WINCHENOON

\ i _"f’.\\ \
IO - \ ' -
aTHoL ; " - \\‘//‘x \\’/(i& | -
» ’\R&““.' / TCRIURS I
n Q Lty

o
D

W ) A
3 .. \E“ N ' P
\ S - i ~ S
| \
\"‘“'"l““\\ TINRATOR ;’Y\ T \7~-L___( ? \
A 3 hd 4 Y wevaso g
{
- h)

)
-
hY
petamsTn
\. \ yd S _‘! LagmmeTin
N . iglia S ~
\\ v i

< \ i

[ U

ovLITON "'---

CONNECTICUT _‘" RHODE  1SLAND

Scale of Annual Road Costs
0 20 40 0
) (A — )
Thousands of Dollars per mile

Figure 2. Flow Sheet of Annual Road Costs for State Highways in Worcester County, Massa-
chusetts. Compiled as of November 30, 1932

to scale at 1ts proper location on a road ure 1, however, if the two figures were
map of the county. The widest band on  placed side by side 1t would be seen that
the plot represents an annual road cost the variations n road cost do not closely
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follow the varations in traffic density.
If the highway system 1s built to fit traf-
fic needs, one might expect the bands on
the flow sheet of road cost to be roughly
proportional to those on the traffic flow
sheet Where this 1s not the case, the
reasons for the varation should be mnves-
tigated

In looking at this plot, one 1s struck
with the excessive costs of two highways,
one, Route 9, the Boston-Worcester
Turnpike running from Worcester in the
middle of the map towards Boston at the
right, and the other, Route 20, by-pas-
sing Worcester to the southeast These
highways are paved with concrete 30 to
60 feet wide and have several expensive
grade separations, which accounts for
their high road cost

In this plot no attempt has been made
to distribute road costs outside the con-
tract section to which they refer, hence
the bands of road cost often break sharply
at the hmits of these sections In many
cases the cost should be distributed, par-
ticularly where an expensive bridge 1s 1n-
cluded within a short contract section
Where all costs are plotted on one chart,
such as this, a rough distribution of these
concentrated costs may be made by eye
For example, the annual road cost for
Route 20 between Routes 9 and 12 (by-
passing Worcester) varies from $10,097
to $28,270 per mile As this route per-
forms about the same traffic service
throughout this stretch, the costs should
be distributed When this 1s done, the
average annual cost 1s about $16,000 per
mile

Road costs alone are useful for com-
paring one road with another, but their
full significance 1s not brought out unless
they are compared with the road service
that they provide and the tax revenue
that they earn Road service 1s meas-
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ured by the width, type and condition of
the surface and the volume of traffic
using the road The tax revenue is
measured by motor vehicle tax contribu-
tions to the state highway fund orniginat-
ing from the road, assuming these con-
tributions to be accumulated or earned
on a vehicle mile basis

In Massachusetts motor vehicles pay
to the State a registration fee plus a 3-
cent gasohne tax The gasoline tax 1s
essentially a vehicle mile tax, and the
registration and license fees can be pro-
rated on a vehicle mile basis by assuming
average annual mileages for the different
classes of velucles The sum of the gaso-
line tax per vehicle mile and the registra-
tion fees so distributed on a vehicle mile
basis times the annual traffic using a
grven mile of road equals the annual con-
tributions (or annual toll, if you hike) paid
by motor vehicles using that mile of road
In this study road costs are compared
with motor vehicle contributions The
details of the method used 1n estimating
contnbutions will be found 1n the pre-
vious report page 102 In employing
this method of companson, no account 1s
taken of what 1s actually done with the
motor vehicle contributions—they are
merely used as a measuring stick for the
justification of the annual road costs

Figure 3 shows road costs to the same
scale as Figure 2, but with the motor ve-
hicle tax contributions superimposed
upon them Where the bands have a
white center the road costs exceed con-
tnbutions, and the width of the black
band outside this white center 18 a meas-
ure of how much the road costs exceed
contributions Where the bands have a
black center, the contributions exceed
road cost The black center band 1s a
measure of the road cost and the width
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between the fine lines outside a measure on Route 20, the Worcester by-pass, road
of the contributions. costs exceed contributions five fold in the
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In general, the road costs exceed con- section lying between Millbury and
tributions, but the relationship between Worcester, whereas in Charlton (to the
the two 1s quite vanable For example, west) the contributions exceed road costs
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by50percent Thereare reasons for these
vanations For example, the Worcester
by-pass which was built 1n 1932 saved
22 miles of distance and 7 minutes of
time for all velcles which would other-
wise have had to go into the aty of
Worcester and out agamm Assuming
that the saving for a mile of distance 1s
2 cents per vehicle mile, the annual saving
for the average annual traffic of 1,500,000
vehicles 1s 002 X 22 X 1,500,000 =
$66,000 or 85,550 per mile when distribu-
ted over the length of the by-pass (119
miles) Other less tangible benefits are
the saving of 175,000 vehicle hours per
year, and the rehef of traffic congestion 1in
the business district of Worcester, like-
wise there 1s a saving 1n vehicle operating
cost, because the old route through
Worcester 1s much rougher than the by-
pass, and frequent stopping and starting
1s required on account of the congestion
at the principal mtersections

Another effect of the by-pass has been
to shift traffic from Route 9 to Route 20
west of Worcester Both routes lead to
Springfield, but smnce the by-pass was
bwlt, Route 20 has become the more
direct route for through traffic Note
that the portion of Route 20 west of
Worcester shows an excess of contrnbu-
tions over road cost whereas on Route 9
the contributions are much less than the
road costs At the time of this study,
November 30, 1932, both routes were of
about the same type and width Since
this time Route 20 has been extensively
widened to accommodate the increase in
traffic and 1its road cost now 1s much
greater than shown in Figure 3

The above remarks illustrate but two
of many such facts that are brought to
hght by a plot of this kind

A flow sheet of road cost, like a flow
sheet of traffic, apphes only to the year

for which 1t 1s made It must be pre-
pared periochcally to reflect the changes
brought about by new construction and
varymg traffic density Figure 3 was
prepared as of November 30, 1932 A
revised flow sheet as of December, 1935
would be quite different 1n many respects,
particularly with reference to those
routes which have been extensively wid-
ened and reconstructed during the past
three years Unhke a traffic flow sheet,
however, a complete set of new data 1s
not required for each revision The
onginal construction cost of the highway,
which 1s the basis for estimating the
capital investment, remains the same
over a long period of years This infor-
mation need be assembled only once dur-
ing the hfe of the road Maintenance
costs are kept as a matter of routine by
the Maintenance Department and can be
kept 1n such a way that they are at all
times available for a road cost analysis
In Massachusetts, state wide traffic
counts are made every three years An
economic map of road costs might well
be prepared every three years immedi-
ately following the traffic survey

Table I shows weighted averages for
age, width, traffic, motor vehicle contn-
butions and annual road cost for each of
the nine types of roads included in this
analysis The remforced concrete roads
have been divided into three classes, as
the Boston-Worcester Turnpike, Route
9, and the Worcester By-pass, Route 20,
are of the nature of super-highways and
should be kept 1n a class by themselves
The dual type 1s similar to concrete, as
most of the traffic drives on the concrete,
using the bituminous center strp for pas-
smng Bituminous macadam employing
asphalt compnses over one-half of the
total mileage This is the most common
type of pavement in Massachusetts It
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consists, 1 general, of a 12-in gravel
foundation, a 4 5-in base course of
broken stone, and a 2 5-in top course of
broken stone penetrated with 23 gallons
per square yard of hot asphalt cement
The remnforced concrete pavements are of
81n umform thickness, reinforced with
from 7 to 10 Ib of steel per square yard.
The plain concrete pavements are about
6 in thick without remforcing The old
types of pavement, shown below the
heavy horizontal hne 1n Table I, consist
of about 5 1n of surface maternal on a
gravel or stone base of vanable depth
Although these pavements were orngi-
nally constructed as different types, they
have received so many surface treatments
that they now have much the same ap-
pearance The modern types have an
average age of about 5 years, and the old
types an average age of about 20 years

The different road types are arranged
i Table I in the order of decreasing 1m-
portance The highest type 1s at the top
and lowest at the bottom The annual
road costs 1n column (9) also decrease in
about the same order from a maximum
of $18,800 per mile for the Worcester
Turnpike to a mmmum of $§1466 per mile
for the surface treated waterbound ma-
cadam type The annual road costs per
vehicle mile 1n column (10) do not vary
through nearly so wide a range As
ponted out above, if a highway system 1s
well adjusted to traffic needs, the road
costs will be roughly proportional to traf-
fic, and the road cost per vehicle mile
should be nearly the same for all types
The values 1n column (10) indicate that
for Massachusetts conditions the normal
annual road cost per vehicle mile 1s about
048 cents The road types that vary
greatly from this amount are the Wor-
cester By-pass which has a much higher
cost, and the old tar macadam and

asphaltic concrete types, which have
much lower than average costs. The
high cost for the by-pass 1s justified m
part by the special service 1t renders in
saving time and distance over the op-
tional route through the city of Worces-
ter Consideration should also be given
to the fact that both the by-pass and the
Worcester Turnpike are designed for
much greater traffic than they now carry.
As traffic increases on these roads, the
cost per vehicle mile will decrease and
approach the average for other types
The low costs for the tar macadam and
asphaltic concrete do not indicate eco-
nomical road types, but rather they indi-
cate that these roads do not adequately
serve their traffic They should be re-
placed with a higher type Since this
study was started in 1933, several sec-
tions of these old types have been rebult
and paved with a much higher type of
surface A report by Professor C B
Breed? analyzes the changes in road costs
resulting from the reconstruction of sev-
eral miles of these old types on Route 12

The average speeds recorded in column
(6) are based upon observations made by
the Massachusetts Accident Survey in
1933 and 1934.

The motor vehicle tax contributions
per mile are shown 1n column (7) and per
vehicle mile in column (8) The latter
were computed for average conditions 1n
the previous report, page 102 They
have been modified 1n Table I to take
account of vanations m the rate of gaso-
line consumption which directly affect
the amount of gasoline tax contributed
per vehicle mile On high type pave-
ments the average speed 1s high, and tax

2 Road Costs as Affected by Reconstruction
on State Highway Route No 12, Worcester Co
Mass ,’”’ by C B Breed, Proceedings Highway
Research Board, Vol 14, p 60
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contrbutions are increased on that ac-
count, because more gasohne 1s requirde
to travel a mle at high speed than at
moderate speed On the lower types
more gasoline 1s required per mile be-
cause of the wavy and rough character
of the surface The 1ncrease 1n tax con-
tributions from this cause usually out-
balances the shight saving due to lower
average speed of operation on these lower
types

Annual road costs in columns (9) and
(10) for the most part exceed annual con-
tributions m columns (7) and (8) In
this connection 1t should be pointed out
that the annual road costs were assembled
primanly for comparing one road with
another, and therefore include all ele-
ments of cost, interest, depreciation and
maintenance of all kinds Had this
study been undertaken as a tax study to
determine whether or not the highways
were paying their way, the interest 1item
probably should be omitted, because
nearly all of the highways included n
this study were built on the pay-as-you-
go plan and financed directly from motor
vehicle funds The motor vehicle owner
providded the ongmal investment, and
should not, therefore, be charged in-
terest on his own money In the com-
putation of annual road cost supporting
Table I the interest item amounted to
about 30 per cent of the total road cost
Should the road costs n Table I be re-
duced by 30 per cent, they would be
shghtly less than the tax contributions,
considering the county as a whole

In order to evaluate and compare
every typeof road completely, an economic
analysis should be extended to include
not only road costs but also vehicle
operating costs The sum of these less
duplications 1s the cost of transportation
In Table I n columns (11) to (14), the

cost of transportation for each type of
road has been estimated These results
are for the purpose of illustration only
and not the result of an original research
They are based upon a study of published
data relating to the vehicle operating
costs supplemented by a field examina-
tion of the surface condition of the differ-
ent road types The rehability of the
values shown m Table I 1s dependent
upon the accuracy of the ratios adopted
m column (11) Before an analysis of
this kind can be extended to include the
actual measurement of the cost of trans-
portation, some simpler method than any
so far devised must be developed for
evaluating the cost of motor vehicle
operation over an extensive mileage of
pavements of different types If a defi-
nmte relationship exists between road
roughness and vehicle operating cost,
roughness tests mught be made and used
to determine indirectly the vehicle oper-
ating cost Most states are equipped to
make roughness tests, and already have
roughness records for many of ther
roads

The values adopted mn column (12)
are based upon a compilation of motor
vehicle operating costs prepared by J A
Johnston, District Highway Engineer for
the Worcester District These costs are
for average traffic, which 1s assumed to
be made up of 87 3 per cent passenger
cars and 127 per cent trucks Mr
Johnston's figures for high type pave-
ments were apphed to remnforced concrete
and given a ratio of 100 mn column (11)
The costs for the other types were ob-
tamed by applying their adopted ratios
to the cost for concrete

The cost of motor vehicle operation n-
cludes taxes, a part of which are spent
on state highways and therefore appear
agamm 1 therr road cost In order to
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elimnate this duplication, a deduction
has been made 1n combining road costs
and vehicle costs This deduction 1s
shown 1n column (13), and amounts to
about 14/23 of the total motor vehicle
tax contributions

The costs of transportation in column
(14) vary 1n nearly the reverse order from
the road costs i column (10) That 1s,
although the road costs for the modern
types are much higher than those for
the lower types, the cost of transporta-
tion for these modern types 1s less than
for the old types This 1s further evi-
dence that the old types should be re-
placed by modern types In fact, the
road costs for these old types could be
doubled 1n order to provide a modern
pavement, and still the resulting cost of
transportation would be lower than at
present due to the saving effected n ve-
hicle operating cost

In conclusion, the purpose of this study
was to 1illustrate the application of an
economic analysis to a system of con-
nected lhighways, and to pomnt out the
value and use of the information obtained
from such a study In this paper the
results are presented graphically 1n a flow

sheet of road costs and contmbutions
Ths chart shows at a glance the economic
relationship between all parts of the high-
way system studied It points out those
roads which appear to have more than
their share of development and those
which have less It suggests the need of
further study to determine the justifica-
tion for the road costs on those roads
which are high 1n cost and to determine
the advisability of improving those roads
which are low in cost It serves as a
basis for planning highway improvement
and studying the effects of such improve-
ment on the system as a whole With
certain modifications 1t can be used to
estimate the amount of motor vehicle
revenue required for the system, and the
proper distribution of expenditures of
this revenue among the different high-
ways 1n the system

The next step in an analysis of this
kind would be to prepare a flow sheet of
transportation costs, including both road
costs and vehicle operating costs This
will require the development of a simple
method for measuring vehicle operating
costs over a considerable mileage of pave-
ments of different type and condition

AIR RESISTANCE OF MOTOR VEHICLES

By L E CoNraD
Professor of Cunl Engineering

AND E R DawLEY

Professor of Engineering Malterials, Kansas Slate College
SYNOPSIS

Tests were made on 54 automobiles 1n the wind tunnel at Kansas State College
1n 1932 and 1933 Check tests were made on two cars by coasting down hills

The 54 cars represent 14 makes, 7 yearly models, and 4 body types
s1on of yearly models of the same make were secured whenever possible

A succes-
Duph-

cate wind tunnel tests were made on three cars at a later date and under different

atmospheric conditions
tests was 4 per cent
The authors conclude that

The greatest individual difference in the duplicate

1 A wind tunnel capable of testing full-size automobiles offers a practical




