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SYNOPSIS 

A report of studies conducted m Massachusetts in extension of the 
theory of road costs presented in the Ninth Proceedings and illus
trated in the Tenth Proceedings of the Highway Research Board 
Cost data for two sections of road are presented The report dis
cusses the application of the cost facts and attempts to answer some 
of the questions which can be answered by the application of the 
proposed method to a limited section of a given road and also to 
those questions which can be only answered by a more extended 
application of the method to include an entire state, or at least to 
compnse a completed traflBc pattern of considerable extent 

It 18 suggested that cost studies of road systems can be facilitated 
by grouping the roads geographically into traflBc patterns Since 
the characteristics of these patterns will vary in such respects as 
topography, traflBc use, type of improvement, and extent of improve
ment comparative studies of them should be very illuminating 

The report of the Comrmttee on Highway Transportation Costs 
pubhshed m the Nmth Annual Report of the Board laid the groimdwork 
for consideration of the subject. The basic formula was there proposed,-
explamed, and its apphcation item by item indicated 

In the Tenth Annual Report the Committee apphed its method to 
sections of two well-known roads of heavy traffic:—the Boston Post 
Road in Connecticut and the Des Momes-Ames Road m Iowa The 
annual traffic on the former was about 6,000,000 passenger vehicles 
and 675,000 trucks, and on the latter 1,000,000 passenger vehicles and 
few trucks. The Committee stated emphatically that the costs reached 
in these two analysis should not be used in any general way, that its 
report was merely an apphcation of the general method and that, withm 
reasonable limits, it showed only the transportation cost on these par
ticular sections of these particular roads for the traffic then existing. 
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It had been the mtention of the Committee to make a similar analysis 
of sections of several roads having traffic between 100,000 and 1,000,000 
vehicles per year, and to compare these with the results obtamed in the 
study of the two above-mentioned heavily traveled roads Time has 
permitted an mvestigation of only two of the several roads of hghter 
traffic which it had been the mtention to study m the Massachusetts 
State System The two roads that have been analyzed are a seven-rmle 
section of the Concord-Harvard Road (Route 111) and a three-mile 
section of the Lowell-Tjmgsboro Road (Route 113). The annual 
vehicular traffic on the former road is 370,000 and on the latter 548,000. 

T H E GENERAL PROBLEM 

It is almost certam that all cost data will be used by agencies impelled 
to find fragments of facts to support preconceived conclusions. This 
is almost a certam unfortunate result of the pubhshment of cost data, 
but this fact cannot be held to be sufficient reason for faihng to pubhsh 
such data when they are based upon reasonably dependable facts 

The Committee divided transportation costs into the two divisions— 
road cost and vehicle cost This discussion and the followmg analyses 
deal almost wholly with road costs 

In road cost data, the individual items are all open to more or less 
cnticism, but a careful study of the most vulnerable cost items will 
reveal that these uncertamties really amount to httle when traced 
through to their effects upon the final values. Unless constructed as a 
new route withm the past twenty years, it would be hard to find any 
road on which all the costs to date are fully known. This is one of the 
discomfortmg facts that confronts one at the start, for one naturally 
begins to study the costs chronologically. The uncertam facts, however, 
usually relate to the cost of right-of-way and to the older parts of the 
road mvolvmg low cost surfaces built of local materials, and therefore 
do not have a large effect upon the total annual road cost as of today 

The older pavements became a part of the stage construction of the 
existmg road and are now contnbutmg to the strength of the structure 
that produces the present road service. The appraisal of the capital 
value of the older pavements lymg under the present pavement may be 
a subject for considerable difference of opinion Yet, if maxima and 
mimma amounts be assigned to all of these somewhat uncertam items, 
the resultmg cost figures will not m most mstances be far apart This 
is true when the existmg pavement is now of a high type, because its 
high cost masks any range m values we may assign to the underljang 
old pavements. I t is also true in the case where the pavement is still 
of a low cost type, because the mamtenance is so large a part of the 
yearly road cost as to make the effect of any difference of opmion as to 
the value of the past road covenngs that he under the present pavement 
of httle importance The more recent capital expenditures on all roads 
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are usually greater in amount than former expenditures and are a matter 
of dependable records Generally speakmg, there is a greater range 
in the prediction of yearly and penodic maintenance for the coming 
few years than there is in the interest on the capital value that may be 
set upon the older parts of the road 

The cost data that have already been pubhshed in the Committee's 
reports have been prepared for the purpose of illustrating the method 
of approach to the problem But these facts, nevertheless, serve to aid 
one's judgment relative to certam hmited economic problems pertaining 
to the particular parts of the roads investigated, and to the problems 
of other sections of road where the conditions are similar Clearly 
these few results cannot be apphed to highway economic problems of a 
general character The danger of doing so was well brought out in the 
discussions of the Committee's report at the Tenth Annual Meetmg of 
the Board This discussion as well as the report itself was focussed 
upon the fact that the report referred only to a hmited portion of 
two roads of heavy traffic It was stated in the discussion that such 
a survey of transportation costs should cover an entire state So ex
tended an investigation would obviously be an expensive undertakmg 
Yet, if it could be performed with the thoroughness that has been exer
cised in the transportation surveys which have been made m many of the 
states, it would be of great value m the study of the larger economic 
questions 

It IS beheved that the method of analysis suggested by the Committee 
IS as apphcable to an entire road system as to a small section of road 
The more extended such an e c o n o m i c survey i s made the more general 
will be the questions it can answer All of the criticisms of the. Com
mittee's studies have so far been focussed upon the danger of an im
proper apphcation of the results and upon the fear that the pubhshmg 
of data relatmg to a short section of road will be used in answermg 
general economic questions These cnticisms indicate what has been 
clear to the Committee, namely, that the tjTDe of question the analysis 
IS to attempt to answer or to aid in answermg should determme the 
scope of the mvestigation An economic survey might mclude an entire 
state or group of states, and such an extensive survey should give facts 
that would aid m showmg, for example, whether or not the present 
gasohne tax and registration fees are reasonable m the district sur
veyed, it would give a valuable companson of road and vehicle trans
portation costs, it might give some mdication of the appropnate eco
nomic field of motor transport as related to railroad transportation 
withm the area studied 

In the extended investigations by the Interstate Commerce Commis
sion of motor truck and bus operation which was reported last sprmg, 
the Commission indicated that the evidence pertainmg to transportation 
costs on the highways presented by the railroads was so fragmentary 
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and incomplete as to give no basis for formulating proposed legislative 
action The Commission pointed out the desirability, both from the 
standpoint of the federal and the state governments, of learning the 
facts of highway transportation costs 

A more lirmted investigation than a full state survey might mclude 
a complete traffic pattern which would aid in answering questions of a 
more regional character than those just enumerated The limits of such 
a traffic pattern would be a hne drawn around a large traffic center 
(such as a large city) connecting the points where the traffic is the 
lowest on the radiating roads, and assignmg the rest of the radiating 
roads to some other pattern, and thus dividing the state into a number 
of adjacent patterns, or traffic areas The patterns at the state border 
would extend into the adjacent states A traffic pattern study of this 
sort would give an economic picture of many of the present-day prob
lems of extensive road improvements such as high speed trunk highways, 
circumferential highways, and grade separations Such improvements 
usually draw traffic from other roads in the same traffic pattern or 
affect distribution of traffic in adjacent patterns An economic analysis 
of the patterns affected is obviously required in studying the justifiable-
ness of the improvement Of course the bare transportation cost figures 
will not show the value of such improvements The value of time saved, 
freedom from habihty of accidents, commercial and industnal values, 
and many other intangibles must be given proper weight in justifying 
the expenditures 

The transportation costs of several dissimilar patterns may be used 
as a basis for cuttmg short the work of investigating larger areas, for 
some of the patterns that make up the large system may be so similar 
m physical character and m amount of traffic as to be closely comparable 
from an economic standpoint These same patterns, however, may be 
wholly dissimilar m their capital expenditure program One group may 
have experienced great improvement, and had much money expended 
upon improvements in abgnment and on high types of pavements 
The other group may have been composed mostly of roads of no higher 
type than penetration macadam with the ordmary gravel road predomi-
natmg (surface treated every other year with a httle oil and sand) The 
total cost of transportation per vehicle mile in these two patterns, 
therefore, may be quite different One pattern may be m moimtamous 
country, the other over flat terram, and the vehicle operatmg cost on 
these two patterns will then differ It may be possible by inteUigent 
selection of patterns of different topographical conditions, traffic den
sities, or economic history to develop transportation cost facts that 
can safely be apphed to other similar traffic areas without the necessity 
of a complete economic survey of an entire state 

In all these studies of transportation costs, one must make a clear 
distmction between the cost and the value of transportation 
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Transportation road cost is the cost to the pubhc of the service provided 
by the given road or system of roads The value as well as the cost of 
this same road must be appraised to properly answer the question as to 
whether or not the pubhc expenditure is justified. Its value may be 
almost wholly commercial, or it may serve for school transportation and 
fire protection It may be impossible to express these values m money, 
yet they may be so obvious as to carry unanimous pubhc approval of a 
pohcy mvolvmg a road cost well above any savmg that can be computed 
in dollars and cents. The justification, then, of most large highway 
improvements will not be foimd wholly m their effect upon transporta
tion cost but rather m their influence on transportation values, of which 
cost I S an element. 

Investigation of the cost of vehicle operation on different road con
ditions needs much extension At present we are obhged to use only 
general values These costs are rapidly changmg year by year, due to 
many such causes, as commodity prices, more efficient motor vehicles, 
improvement m ndmg quahties, and improvement m smoothness of road 
surface Commodity prices also affect yearly road costs A survey 
of transportation cost should, therefore, be continued by a yearly pro
gram if it I S to be of value. 

No revision has here been made of vehicle transportation costs used 
m the Committee's 1930 report merely because of lack of more recent 
data Obviously the data desired should relate to the particular char
acter of traffic usmg the particular section of road under mvestigation 
and all data should be as of the date of the analysis As the scope of 
the mvestigation is broadened geographically, average values for vehicu
lar transportation costs become more nearly appUcable 

In the four sections of roads mvestigated by the Committee, the 
total road cost per vehicle mile ranged from 0 11 cents for passenger 
cars on the Boston Post Road (Connecticut) to 0 50 cents for passenger 
cars on the Concord-Harvard Road (Massachusetts) It is mterestmg 
to note the fact that m BuUetm No 91 of the Iowa State College Engi-
neermg Experunent Station, Professor Agg found considerable variation 
m the cost of operatmg on low, mtermediate, and high type road surfaces 
In fact, the variation between the types ran as high as a cent per vehicle 
mile, an amount greater than the total road cost on roads carrymg 
heavy traffic. The effect of evenness and hardness of pavement surface 
on savings m vehicle operatmg costs appears to be so great as to mdicate 
that where the traffic is above, say, 300,000 vehicles per year, there is 
no excuse (from the standpomt of economics) for permittmg a pavement 
to have any other than a uniform hard pavement surface. This is an 
example of one of the questions that even the hmited mvestigation the 
Committee has already made should assist m answenng 

Another fact shown by the mvestigations so far made is that the 
vehicular cost is so much greater than the road cost on roads carrymg 



BREED-COST OF HIGHWAY TRANSPORTATION 33 

over 300,000 vehicles per year that improvements in vehicle design 
may in any year develop an annual saving in vehicle transportation 
costs as great as or greater than the annual road transportation cost 

There is httle doubt but that economies m vehicular operatmg cost 
as great as the aimual road costs on any of the four roads so far mvesti-
gated have occurred smce 1928 when the Iowa Bulletin No 91 was pub
lished It leads one to suspect that the total cost of highway transpor
tation will be reduced much more through perfection of the motor 
vehicle and its engine than through economies due to improved pave
ments and maintenance Yet, as vehicle operatmg costs are lowered, 
road costs have a greater proportional effect upon the total annual cost 
These are all added reasons why such cost studies should be earned on 
from year to year 

Transportation costs are needed for the study of intimate problems 
on hmited sections of roads, for the solution of regional problems and 
for the study of many of the major economic questions of highway trans
portation and taxation The survey of large geographical scope may 
be shortened materially by makmg use of the economic analysis of a 
traffic pattern which may have been made originally for the study 
of problems lying wholly withm the pattern These cost data should 
be extended from year to year Such yearly records should uncover 
some of the mistakes of the past and develop better vision to gwde 
future action They should present a better msight than we now 
possess into the relative amounts the vehicle owner pays or should pay 
toward the total transportation cost 

Investigations of transportation costs on typical sections of typical 
roads are of considerable value as the first step toward a comprehensive 
study of a traffic pattern or of a state system. These isolated studies 
develop the method to apply to the larger study, and discussion of them 
should develop the proper course to pursue in makmg the more ex
tended studies. Approximate road cost of transportation for a given 
typ& of road, or for a number of different types formmg a traffic pattern 
can be readily estimated without a detailed analysis by usmg a chart 
similar to that prepared by Mr Paustian in his paper presented at the 
TweKth Annual Meetmg of the Highway Research Board ' All that 
needs to be known to use this chart is the type of surface of the road or 
roads bemg mvestigated and the volume of traffic on them A com
parison of the road costs as given by the Paustian chart with those 
obtamed m the intimate analysis made on the Des Momes, Tjmgsboro, 
and Concord-Harvard roads shows that they differ only 10 to 15 per 
cent No companson could be made for the Boston Post Road because 
the traffic of 6,750,000 vehicles per year on that road is above the range 
of the chart Any state may prepare such a chart based upon its own 
road costs. 

' See Figure 2, page 67. 
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T H E COMPUTATION O F T H E A N N U A L ROAD C O S T O F THAT P O R T I O N 
O F MASSACHUSETTS S T A T E H I G H W A Y N O 111 (CONCORD TO 

H A R V A R D ) L Y I N G W I T H I N T H E T O W N S O F B O X B O R O AND A C T O N 

DESCRIPTION O F ROAD 

Route No 111 IS a secondary or connecting road bnking the towns 
through which it passes with the principal through route of the district 
which I S Massachusetts Route No 2 The length of road studied is 
7 28 miles I t was constructed in nine sections between the years 
1897 and 1913 Table I shows the types of surfaces and dates con
structed These original surfaces are all in use today, although their 
character has been changed by repeated bituminous surface treatments 
and the width of surfaced .road has been increased to about 16 ft by 
encroachment on the shoulders 

The road has an undulating profile The maximum grade is about 6 
per cent and grades of 4 or 5 per cent are common The alignment in 
general is straight with flat curves 

COST I N D E X 

The two portions of Massachusetts State Highways studied in this 
report were constructed between 1896 and 1913 The Engineenng 
News-Record Cost Index goes back to 1903 only, and could not, there
fore, be used to bring costs prior to 1903 down to date It was, there
fore, decided to adopt an average of the U S Department of Labor 
average curves for "Building Materials" and " U S Hourly Wage Scale" 
for those years prior to 1903, and to use the Engineering News-Record 
Index for 1903 and subsequent years (See Figure 1 ) 

The reason for usmg an average of the two curves was twofold first, 
an inspection of the curves indicated that for the years 1925 to 1932 
(which omit the abnormal price variations of the War period) the Engi
neenng News-Record Index hes nearly nudway between the two curves, 
and in the ten years previous to the war it hes sometimes a httle above 
and sometimes a httle below these curves, and, second, highway costs 
are made up of two general items, materials and labor, and both of these 
should be given prommence in an index to apply to highway costs I t 
is recogmzed that building matenals are not highway materials, and 
also that labor was probably a much larger factor in highway costs in the 
'90s than it is today These curves, however, do show the general cost 
trend and in the absence of any index apphcable directly to highway 
costs, an average of the two is probably as rehable for the period prior 
to 1903 as the use of the Engineering News-Record Index is for the 
subsequent period 
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ROAD COSTS 

The road costs were computed in the same order and by the same 
general method outhned m the Ninth and illustrated m the Tenth 
Annual Proceedings of the Highway Research Board 

Construction Costs 

1 Rtght-of-Way Cost and Property Damage The right-of-way was 
acquired by the State when the road became a State Highway The 
dates of acquisition are given in Table I no property damages were 
paid The financial history of the road previous to these dates is not 
considered in this report, a town road of local material existed in about 
the same location before the state highway was built 
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Figure 1. Cost Indices 
Building Materials (U S Dept. of Labor) 
U. S. Hourly Wage Scale 
Engineering News-Record Const Cost Index 

The width of the present right-of-way is 60 feet with the exception 
of 447 feet in Acton which is 50 feet The total area is 52 85 acres 

The present value of the right-of-way has been estmiated at $100 
per acre, which is a fair valuation of land for agricultural and other 
purposes 

Total cost of nght-of-way upon this basis is $5,285, or $726 per mile 
S Drainage Structures There are no structures which could be classi

fied as major stream crossings, and there are no bridges 
The culverts are all of durable types, such as clay pipe, iron pipe, 

stone box and concrete box The expenditures for dramage structures 
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by years is given in Table I I which was compiled from records of the 
Highway Division of the Department of Public Works Each of these 
items was brought to date (October 1932) by the method described 
under "Cost Index " 

Total Cost of Drainage Structures as of October, 1932, is $14,192, 
or $1,949 per mile 

3 Earthwork and Prior Surfaces Since none of the prior surfaces 
have become an integral part of the existing wearing surface, no salvage 
value has been given them 

The total cost of earthwork as of October, 1932, was $35,934, or 
$4,936 per mile (See Table I I ) 

4 Road Surface The total cost of road surfaces as of October, 1932, 
was $58,728 or $8,067 per mile (See Table I I ) 

T A B L E I I 

R O U T E N O 111—BOXBORO-ACTON 

Construction expenditures 

Year Drainage 
structures Earthwork Surface Miscellane

ous 

Engineering, 
adminiB-

tration and 
inspection 

Total 

1897 S600 GO $1,608 34 $3,300 00 $200 00 $570 83 $6,279 17 
1899 332 00 1,353 22 2,292 50 109 40 408 71 4,495 83 
1901 1,536 80 2,069 50 4,305 40 83 00 799 47 8,794 17 
1905 482 81 3,001 75 1,275 30 397 00 515 69 5,672 55 
1907 2,451 70 4,015 10 4,879 75 738 90 1,208 55 13,294 00* 
1912 1,183 59 1,547 40 4,062 82 75 00 686 88 7,555 69 
1913 861 80 5,912 00 11,685 71 653 95 1,911 34 21,024 80t 

Totals $7,448 70 $19,507 31 $31,801 48 $2,257 25 $6,101 47 $67,116 21 

. * The costs for 1907 include two projects (see Table I) These two projects had 
different type of surface 

t The costs for 1913 included two projects (see Table I ) , both of which had same 
type of surface 

5 Miscellaneous Coiistiuction Costs These include such items as 
fences, stone bounds, and paving in gutters Brmging the costs in 
Table I I to date gives total cost of miscellaneous expenses as of October, 
1932, as $4,102, or $563 per mile 

6 Engineering and Administration Engineering admimstration and 
inspection has been taken as 10 per cent of the cost in each year, since 
this is the amount that had to be added to the actual construction costs 
to give the total expenditure The costs for Engineering, Administra
tion and Inspection given in Table I I were obtained by adding the costs 
for drainage, earthwork, surface and miscellaneous and taking 10 per 
cent of the sum 

The Engineering and Admimstration costs thus obtained were brought 
to date in the same manner as other costs in Table I I , giving a total 
as of October, 1932, of $11,295, or $1,551 per mile 
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Summary of Construction Costs as of October, 19SS 

Item 1. Right-of-Way $5,285 
2 Drainage Structures 14,192 
3 Earthwork 35,934 
4 Road Surface 58,728 
5 Miscellaneous Construction Costs 4,102 
6 Engineering and Administration 11,295 

Total Construction $129,536 
Total Construction per Mile 17,793 

Maintenance Costs 

Since the maintenance costs of a road of this general type are so great 
a part of the total road cost, it has seemed advisable to analyze them 
more in detail than was done in the case of the two roads treated in the 
Tenth Proceedings 

Furthermore, the items makmg up the total yearly maintenance have 
been grouped hereunder in a manner somewhat different from the classi
fication used in Figure 1, page 362, of the Nmth Proceedmgs 

T A B L E I I I 
S U R F A C E M A I N T E N A N C E C O S T S 

Towns of Boxboro and Acton 

Year 1927 1928 1929 1930 1931 Average 
1927-1831 

Average 
cost per 

mile 
1927-1931 

Repairs 
Treatment 
Road Bed 

$575 90 
1798 58 
1058 12 

$1888 23 
1937 21 
990 04 

$2203 35 
1893 21 
199 81 

$1142 59 
3305 72 
322 27 

$525 96 
2236 13 
434 00 

81267 20 
2234 18 

600 84 

$174 11 
306 98 
82 55 

Total $3432 60 $4815 48 $4296 37 $4770 58 $3196 09 $4102 22 $563 64 

Annual maintenance has been divided mto three general classes as 
follows. 

(1) surface maintenance 
(2) nght-of-way maintenance 
(3) operation mamtenance 

Surface and right-of-way maintenance costs are compiled annually 
by the Maintenance Department of the Highway Division Sunilar 
records are kept for certain, although not all, of the items that go to 
make up Operating Maintenance Costs 

1 Surface Maintenance has been further subdivided mto three kinds-
"repau-s," "treatment," and "road bed " (See Table I I I ) 

"Repairs" includes cost of repairs to the surface such as patching 
"Treatment" includes cost of surface treatments of tar or asphaltic 

oU and sand 
"Road Bed" includes cost of repairs to foundation or base course. 
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An average for the five years, 1927-31, has been assumed in this 
analysis as representing the yearly maintenance cost 

Some portion of this section of road is treated every year, so that the 
surface treatment is an annual rather than a periodic maintenance 

2 Rtght-of-Way Maintenance has likewise been subdivided into 
"drainage," "right-of-way," and "trees " See Table I V 

"Drainage" includes repairing and cleamng drainage structures 
and cleamng out ditches 

"Right-of-way" includes the care of shoulders and roadside struc
tures, such as fences 

"Trees" includes cost of clearing out brush and trimming trees 
within the right-of-way to improve visibihty and beauty of 
roadside Planting trees is included in this item 

An average for the five years, 1927-31, has been used in this analysis 

T A B L E IV 

R I G H T - O F - W A Y M A I N T E N A N C E Cost 

Route No 111—Towns of Boxboro and Acton Length 7 278 miles 

Year 1927 1928 1929 1930 1931 Average 
1927-1931 

Average 
cost per 

mue 
1927-1931 

Drainage $323 03 $69 15 $152 35 $100 40 $215 75 $172 14 $23 65 
Right-of-Way 653 84 715 04 478 29 104 56 1243 65 639 08 87 81 
Trees 96 96 1 25 123 44 22 95 48 92 6 72 

Totals S1073 83 $785 44 $754 08 $204 96 $1482 35 $860 14 $118 18 

S Operating Maintenance includes the expenses incurred for such 
items as, traflBc signs, hnes, signals, and traflBc counts, snow removal, 
pohcing, registration cost, and gas tax collection 

Expenditures for traffic lines on the Boxboro-Acton road average $61 
for the years 1927-1931 Cost of traflic engineering, signs, and traflBc 
counts for the State was $165,600 for the year ending November, 1931 
Proportiomng this cost on the basis of vehicle miles gives $74 per year 
for the section of road analyzed The sum of these two items is $135, 
or $18 50 per mile 

Costs of snow removal were as follows $528 in 1929, $1246 in 1930, 
and $3544 in 1931 The snowfall for these years was 44 8 inches, 29 9 
inches, and 63 6 mches, respectively Although the snowfall in 1929 
was more than in 1930, the actual cost of removal was less This wide 
.variation in annual expenditure also occurs in the costs for the entire 
State in these same three years, and may be explained by the fact that 
ploughing was not as generally or thoroughly done m 1929 as in later 
years. The 1929 cost was therefore disregarded and the average of 



40 HIGHWAY RESEARCH BOARD 

1930 and 1931 costs was used aftei being modified to apply to the aver
age snowfall in the distiict (49 inches), as follows 

(î 9 + î ) f = '̂̂^ 
No actual records were available for the cost of pohcing the section 

or Route No 111 in Boxboro and Acton The road is patroled, but, 
as it is a secondary road with hght traflBc, the patrol is not frequent, 
probably once or twice a day The pohcing cost chargeable to this road 
was obtained by the following method The total cost of pohcing all 
Massachusetts State Highways in 1931 was $827,370 (obtained from 
State Pohce Headquarters, Department of Pubhc Safety) The total 
vehicle miles traveled on Massachusetts State Highways in 1931, esti
mated from gasohne consumption, was 6,000,000,000 Prorating this 
cost on the basis of vehicle miles gives $370 per year or $51 per mile 
per year This figure is about $1 per day which is not an unreasonable 
charge for patroling 15§ miles of road (7 28 miles once each way) 

The total cost of maintaimng the Massachusetts Registiy of Motor 
Vehicles for 1931 was approximately $1,580,000 Apportioning this 
by vehicle mileage as was done for pohcing costs gives $710, or $97 50 
per mile 

In Massachusetts the gas tax is collected by the Department of Inter
nal Revenue which is also engaged in many other tax collections The 
expenses of this Department chargeable to the collecton of the gas tax 
are not over $2000 The amount is so small that it may be neglected 
in this analysis 

Summary of Operating Mainlenance Costs 

TraflBc Signs, Lines, and Signals $135 
Snow Removal 2385 
Policing 370 
Registration Cost 710 

Total Operating Maintenance $3600 
Total Operating Maintenance per Mile 494 

Summary of Annual Maintenance Costs 

(1) Surface Maintenance $4102 
(2) Right-of-Way Maintenance 860 
(3) Operating Maintenance 3600 

Total Maintenance $8562 
Total Annual Maintenance per Mile 1176 

Periodic Maintenance It is probable that the annual maintenance 
cost computed for Route No 111 will continue to provide a suitable 
road for the existing traffic for five years hence and that then recon
struction will be required The average age of the 7 28 miles of pave
ment at that time (1937) will be about 30 years The cost to resurface 
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the existing pavement so that it will adequately serve existing traffic 
IS estimated at $10,000 per mile, or $72,800 for the 7 28 miles It is 
further assumed that, with the same annual maintenance cost as com
puted for present pavement, this new pavement would have to be 
replaced every 20 years The interval between replacements is less 
than the hfe of the present pavement, because the present pavement 
carried only light traffic during the first part of its life The annual 
deposit at 4 per cent interest compounded annually that will accumulate 
$72,800 every 20 years is $2445 for the entire section, or $336 per mile 

The charge of $336 per mile for periodic maintenance is assumed to 
provide in perpetuity a pavement equivalent to the present one and 
sufficient to serve present traffic When the reconstruction is made in 
1937, the pavement probably will not be replaced in kind but a higher 
type will be constructed and minor changes made in alignment and 
grades, so that the first reconstruction in 1937 will be a betterment as 
well as a replacement The present road is narrow, has a high crown 
and IS improperly banked at curves The pohcy of the Massachusetts 
Highway Division has been to reconstruct roads similar to the Concord-
Harvard Road with either bituminous penetration macadam or bitu
minous concrete, to widen pavements to a minimum of 20 feet and to 
reduce crown and curvature to meet the requirements of modern 
traffic When this better pavement is constructed it will modify the 
annual load costs by increasing the interest on capital and decreasing 
the maintenance At that time a new estimate of annual road costs 
must be made 

For example, if $25,000 pei mile is spent five years hence in recon
structing the road instead of $10,000 per mile, the betterment value 
will be $15,000 per mile which should be added to the capital cost of 
the road Interest at 4 per cent on this amount is $600 per year The 
$10,000 is absorbed in periodic maintenance This higher type pave
ment should last longer, say 25 years, but will cost more for periodic 
maintenance, say $15,000 per mile for resurfacing in kind On this 
basis the annual charge for periodic maintenance for the higher type 
pavement will be $360 per mile, or $24 more than the $336 computed 
above for replacing the old surface in kind The annual savmg in main
tenance effected by adopting the higher type surface is estimated at $440 
per mile, based on records of the State Highway Division Combimng 
these costs gives a net increase in annual road cost of $600 + $24 — 
$440 = $184 This indicates that after the contemplated improvement 
the annual road cost will be only slightly greater than now, which will 
justify the proposed improvement 

Engineering and Administration on Maintenance The records of the 
Fourth Maintenance District which includes both the Concord-Harvard 
and Tyngsboro roads show the following costs foi the years 1931 and 
1932 
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1931 1932 
Mamtenance including Snow Removal $257,576 8228,142 
Supervision Salaries, Expenses, OflBce Over

head, Auto Charges 23,757 25,515 
Supervision of Mamtenance 9 2% 11 2% 
Average for Years 1931 and 1932 10 2% 

Adopting this average percentage as typical, the maintenance items 
to which it apphes are as follows 

Surface $4102 
Right of Way 860 
Snow Removal 2385 

$7347 

10 2 per cent of $7347 is $749 or $103 per mde 

T A B L E V 
C A L C U L A T I O N OF ANNUAL C O S T 

State Highway Route No 111, Boxboro and Acton, Massachusetts 

Interest on Investment at 4% $5,181 
Annual Maintenance 8,562 
Periodic Mamtenance 2,445 
Engineering and Administration on Mamtenance 749 

Total Annual Road Cost 816,937 
Annual Road Cost per Mile 2,327 

Annual Road Cost Apply the basic formula for road costs as given 
on page 341 of the 10th Annual Report 

wherein 
C = Average annual road cost 
A = Cost to construct = $129,536 
B = Aimual maintenance cost (every year) = $8562 
E = Expenditure for periodic reconstruction every n ( = 20) 

years = $72,800 
r = Rate of interest prevailing for current state funds in Massa

chusetts = 04 
The results are set forth in Table V 

T R A F F I C 

Latest counts made by the State Highway Division give the annual 
Traffic as 338,000 passenger cars, 17,000 trucks of 2-tons capacity and 
less, and 15,000 trucks of over 2-ton capacity 

These amounts are the averages of observations taken in 1930 at two 
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different stations, viz , at the junction of Routes 111 and 2, and in the 
town of Harvard at the junction of Routes 111 and 110 The former 
IS at the east end of the section investigated, the latter is two miles 
west of the other end of the section but there are no roads joimng Route 
111 in that two-mile stretch The counts were actuaUy taken for one 
day m August and then expanded for the week, month and year by 
correlating them to a comparable station on Route 2 where counts were 
taken for a continuous week in August, then the yearly expansion was 
made on the basis of gasohne purchased 

Motor Vehicle Operating Costs 

In the analysis of the sections of Boston Post Road and of the Des 
Moines-Ames Road, the motor vehicle operating costs were arbitrarily 
assumed to be 5 44 cents per mile for passenger automobiles, which was 
the cost of operating the "average" passenger car of the Iowa Engineer
ing Experiment Station investigation in 1928, for the average commer
cial vehicle 15 15 cents per mile was used, which was obtained from 
results of an investigation made by General Motors Corporation in 1929 
These costs were both for high type pavements For intermediate type 
pavements hke the Concord-Harvard road passenger vehicle operating 
costs were 6 43 cents per mile, corresponding truck costs would be 
about 17 cents per mile 

These costs are higher than prevail today, but present day values 
are not available In the absence of up-to-date costs, the above figures 
may be used although probably they are too large Investigations are 
underway which when published will give more current costs which 
can then be readily substituted for the obsolete ones 

Total annual transportation cost per mile is merely the sum of the 
road and vehicle costs 

Contribution to Road Funds 

The gas tax and registration and hcense fees comprise this item In 
Massachusetts a three cent gas tax prevails (exclusive of Federal Tax) 
In 1931 the gas tax amounted to $15,306,376 of which $12,535,626 was 
spent on state highways Assuming the average passenger car travels 
14 miles on a gallon of gasohne, that trucks of 2 tons or under capacity 
travel 9 miles per gallon, and that the truck of over 2 tons capacity 
travels 6 miles per gallon, the motor vehicles using this Boxboro-Acton 
section of road contributed per mile through the gas tax $724 for pas
senger cars, $57 for hght trucks, $75 for heavy trucks, or a total of $856 

125 
of which — = $699 went to state roads 

153 
The registration and hcense receipts of $7,000,306 were all devoted 

to State highways and administration of the Registry Allocating this 
amount on the basis of vehicle mdes (assuming 6,000,000,000 for the 
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entire state) gives $3143 for the entire section, or a contribution through 
registration and hcense fees of $432 per mile 

The total contribution was then $1131 per mile, which is about 4 9 
per cent of the annual road cost 

If we apportion the annual road cost on the basis of tons of traffic, 
assuming passenger vehicles to average I j tons, loaded hght trucks 
3 tons, and loaded heavy trucks 7 tons, we wiU assign $1700 to passenger 
cars, $205 to hght trucks, and $422 to heavy trucks These road costs 
correspond to 0 5 0 cents per passenger vehicle mile, and 1 9 6 cents 
per truck mde 

SherburneiiiS 

Not to Scale 

Figure 2. Sketcli Map—Tyngsboro Bridge 

Distribution of bridge traffic: 

Crossing bridge from and to Hudson Rd 
Crossing bridge from and to Slierbume Ave 
Crossing bridge from and to Route No 113 

Total vehicles crossing bridge 

Per cent 

13 
14 
71 

100 

COMPUTATION O F T H E A N N U A L R O A D C O S T O F T H A T P O R T I O N O F 
MASSACHUSETTS S T A T E H I G H W A Y N O 113 (TYNGSBORO TO 

L O W E L L ) L Y I N G WITHIN T H E T O W N O F TYNGSBORO 

Route No 113 IS a secondary, or connectmg, route traversing north
eastern Massachusetts The portion of the route studied in this re
port follows the easterly bank of the Merrimac River in the town 
of Tyngsboro The section is 2 94 miles long and extends from the 
Lowell-Tyngsboro boundary to the bridge over the Merrimac River in 
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Tyngsboro The section carries only a moderate amount of traffic, 
as most of the cars coming down the Merrimac Valley from New Hamp
shire follow U S Route No 3 which parallels this portion of Route 
No 113 on the westerly side of the river (See Fig 2 ) 

The Tyngsboro Bridge joins U S Route No 3 and State Route No 
113 This bridge is a steel through arch of 546-foot span, erected in 
1930-31 The apportionment of the cost of this structure to the roads 
it serves will be considered in a separate discussion at the end of the 
analysis 

The section of Route No 113 studied was constructed as a new high
way during the years 1895-1897 The type of surface was water-bound 
macadam, 15 ft wide with 3 ft gravel shoulders The broken stone 
was laid in two courses with a total depth of 6 in at the center of the 
road and 5 in at the sides The original surface has never been recon
structed, although it has had repeated bituminous surface treatments 

The road is flat in profile and there are few curves 

T A B L E V I 
R O U T E N O 113—TYNGSBORO 

From Lowell-Tyngsboro Line to Tygnsboro Bridge = 2 942 miles of State 
Highway 

Actual construction expenditures 

Year Drainage 
structures Earthwork Surface Miscellane

ous 

EDgineering, 
administra

tion and 
inspection 

Total 

1895 81,562 18 85 909 32 85,066 63 8393 09 $461 94 813,393 16 

1896 800 92 3 ,020 75 11,924 99 395 91 565 85 16,708 42 

1897 266 17 3 ,696 19 132 14 728 54 4 ,823 04 

Totals 82,363 10 89,196 24 $20,687 81 8921 14 81,756 33 834,924 62 

COMPUTATION O F ANNUAL ROAD COST 

Construction Costs 

1 Right-of-Way The right-of-way was acquired m 1895 and 1896 
It IS 60 ft wide and has an area of 21 4 acres Assuming the present 
value of the land for agricultural and other purposes at $100, if the road 
were not there, then the present value of the right-of-way is $2140, 
or $727 per mile 

2 Drainage Structures (a) Ordmary structures The expendi
tures for drainage structures by years is given in Table V I These 
costs were brought to date by the method described under "Cost 
Index " The total cost of Drainage Structures as of October, 1932, is 
$5727, or $1947 per mile 

(b) Major Stream Crossings The Tyngsboro Bridge over the Mem-
mac River hes adjacent to the section of road being studied The 
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proportiomng of the cost of this structure is discussed later in the 
report 

3 Earthwork and Prior Surfaces There were no prior surfaces 
The expenditures for earthwork are tabulated by years in Table V I 
The total cost as of October, 1932, is $22,246, or $7561 per mile 

4 Road Surface The expenditures for road surface are tabulated 
by years in Table V I The total cost as of October, 1932, is $49,817, 
or $16,933 per mile 

5 Miscellaneous Construction Costs These include fences, cobble 
gutters and dry rubble masonry The expenditures for these items by 
years are tabulated in Table V I The total cost as of October, 1932, is 
$2217, or $754 per mile 

6 Engineering and Administration These costs were also available 
and are tabulated by years in Table V I The total cost as of October, 
1932 IS $4153, or'$1412 per mile 

T A B L E V I I 
S U R F A C E MAINTENANCE C O S T S 

Route No 113—Town of Tyngsboro Length 2 942 miles 

Year 1927 1928 1929 1930 1931 Average 
1927-1931 

Average 
cost per 

mile 
1927-1931 

Repairs 
Treatment . 
Road Bed 

$427 87 
378 00 
121 90 

$352 18 
460 70 
236 07 

$359 69 
851 67 
454 02 

8182 67 
1061 40 
296 01 

$114 15 
1122 71 
272 02 

$287 31 
774 90 
276 00 

897 66 
263 39 

93 81 

Total $927 77 31048 95 $1665 38 S1540 08 S1508 88 31338 21 3454 86 

Summary of Construction Costs as of October, 19SS 

Item 1 
2 
3 
4 
5 

Right-of-Way $2,140 
Drainage Structures 5,727 
Earthwork 22,246 
Road Surface 49,817 
Miscellaneous Construction Costs 2,217 
Engineering and Administration 4,153 

Total Construction Cost 886,300 
Total Construction Cost per Mile 29,334 

Maintenance Costs 

Annual Maintenance is grouped under the three headings Surface 
Maintenance, Right-of-Way Maintenance, and Operating Maintenance 
as was done for Boxboro-Acton section of Route 111 

1 Surface Maintenance Table V I I shows annual surface mainte
nance costs for the Tyngsboro road for 1927-1931 The average for 
these five years has been assumed to represent the yearly maintenance 
cost This average is $1,338, or $455 per mile 
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2 Right-of-Way Maintenance Table V I I I shows annual right-of-
way maintenance costs for 1927-1931 The average of these five years 
I S $192, or $65 per mile 

S Operating Maintenance This item has been divided into traffic, 
snow removal, pohcing, and registration costs 

The annual costs of each of these estimated in the same manner as 
for the Concord-Harvard road are as follows 

Trafl5c Signs, Lines, and Counts 
Snow Removal 
Policing 
Registration Cost 

Total Operating Maintenance 
Total Operating Maintenance per Mile 

Summary of Annual Maintenance Costs 

(1 ) Surface Maintenance 
(2) Right-of-Way Maintenance 
(3) Operating Maintenance 

Total Maintenance 
Total Annual Maintenance per Mile 

T A B L E V I I I 
R I G H T - O F - W A Y M A I N T E N A N C E COSTS 

Route No 113—Town of Tyngsboro Length 2 942 miles 

$62 
962 
222 
424 

$1670 
568 

$1338 
192 

1670 

$3200 
1088 

Year 1927 1028 1929 1930 1931 Average 
1027-1931 

Average 
cost per 

mile 
1927-1931 

Drainage 
Right-of-Way 
Trees 

$53 29 
5 00 
8 40 

$21 50 
317 54 

4 65 

$28 00 
3 00 

$71 27 
145 15 

$46 39 
248 10 

7 50 

$44 09 
143 75 

4 11 

$14 99 
48 85 

1 40 

Totals $66 69 $343 69 $31 00 $216 42 $301 99 $191 95 $65 24 

Periodic Maintenance I t is probable that the annual maintenance 
cost computed above will continue to provide a suitable road for the 
existing traffic for 10 years hence and that then reconstruction will be 
required The cost to replace the surface of the existing pavement so 
that it will adequately serve existing traffic is estimated at $10,000 per 
mile, or $29,400 for the entire section It is further assumed that, with 
the same annual maintenance cost as computed for present pavement, 
this new pavement would have to be replaced every 20 years The age 
of the existing pavement when first resurfaced m 1942 will be about 
45 years It can not be assumed, however that after resurfacing the 
new pavement would last another 45 years, because the present pave
ment has carried only hght traffic during most of its life The present 
traffic probably represents the maximum that the road has earned 
Therefore 20 years has been assumed as the life of pavement for the 
existing traffic, 
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The annual deposit at 4 per cent interest compounded annually that 
will accumulate $29,400 every 20 years is $987 for the entire section, 
or $336 per mile 

The charge of $336 per mile for periodic maintenance is assumed to 
provide in perpetuity a pavement equivalent to the present one and 
suflScient to serve present traffic When the reconstruction is made in 
1942, the pavement probably will not be replaced in kind but a higher 
type will be constructed and minor changes made m ahgnment and 
grades, so that the first reconstruction will be a betterment as well as a 
replacement The present road is too narrow and has too high a crown 
to be classed as a modern highway The pohcy of the Massachusetts 
Highway Division has been to reconstruct similar roads with either 
bituminous penetration macadam or bituminous concrete, to widen 
pavements to a minimum of 20 feet to reduce crown and curvature to 
meet the requirements of modern traffic When this better pavement 
IS constructed it will modify the annual road costs by increasing the 
interest on capital invested and decreasing the annual maintenance 
At that time a new estimate of the annual road costs must be made 

Engineering and Administration on Maintenance The Engineering 
and Admimstration is assumed to be 10 2 per cent of the total of surface 
maintenance, right-of-way maintenance, and snow removal costs, by 
the same reasomng used for the Concord-Harvard road 

Surface Maintenance 81338 
Kight-of-Way 192 
Snow Removal 962 

32492 

10 2 per cent of $2492 is $254, or $86 per mile 
Anmtal Road Costs The above costs are assembled in Table I X 

T A B L E I X 
C A L C D L A T I O N OF ANNUAL C O S T 

State Highway Route No 113, Tyngsboro, Massachusetts 

Interest on Investment at 4% $3452 
Annual Maintenance 3200 
Periodic Maintenance 987 
Engineering and Administration on Maintenance 254 

Total Annual Road Cost 87893 
Total Annual Road Cost per Mile 82685 

T R A F F I C 

Latest counts made by the State Highway Division give the annual 
traffic as 500,000 passenger cars, 17,500 trucks of 2 tons capacity or less, 
and 30,500 trucks of over 2 tons capacity 
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These amounts are based on counts taken on two days in November, 
1932, at the easterly end of Tjmgsboro Bridge, correlated with more 
extensive counts taken at other stations in the district 

Contribution to Road Funds 

The gas tax and registration and license fees comprise this item In 
Massachusetts a three cent gas tax prevails (exclusive of Federal Tax) 
In 1931 the gas tax amounted to $15,306,376 of which $12,535,626 was 
spent on state highways Assuming the average passenger car travels 
14 miles on a gallon of gasohne, that trucks of 2 tons or under capacity 
travel 9 miles per gallon, and that trucks over 2 tons capacity travel 
6 miles per gallon, the motor vehicles using this Tyngsboro section of 
road contributed per mile through the gas tax $1071 for passenger cars, 
$58 for light trucks, and $152 for heavy trucks, or a total of $1281 of 
which = $1046 per mile went to State roads 

The registration and license receipts of $7,000,306 were all devoted to 
state highways and admimstration of the Registry Allocating this 
amount on the basis of vehicle miles (assuming 6,000,000,000 for the 
entire state) gives $1879 for entire section, or a contribution of $639 
per mile 

The total contribution was then $1685 per mile, which is about 63 
per cent of the annual road cost 

If we apportion the annual road cost on the basis of tons of traflBc, 
assuming passenger vehicles to average 1̂  tons, loaded light trucks 3-
tons, and loaded heavy trucks 7 tons, we will assign $1883 to passenger 
cars, $159 to hght trucks, and $643 to heavy trucks These road costs 
correspond to 0 38 cents per passenger vehicle mile, and 1 67 cents per 
truck mile 

Tyngsboro Bi idge 

An old highway bridge was constructed across the river in 1874 which 
was abandoned in 1931 when a new structure costing $322,000 replaced 
it The old structure was of no value to the new one it was demolished 
An arbitrary half of the cost of the bridge is assigned to the highways on 
on each side of the river This makes $161,000 assigned to the roads 
that approach it on the east side (see Fig 4) Of these roads. Route 113 
has 71 per cent of the traffic that crosses the bridge It is 6 miles from 
this bridge downstream to the next bridge at Lowell, the section of road 
under study is the 3 miles adjacent to the new bridge of the 6-raile 
stretch On the 6-mile stretch between the bridges, there are practically 
no connecting roads Most of the traffic is bound to or from Lowell or 
cities along the coast, and, practically all of these vehicles travel the 
entire 6 miles in making use of the Tyngsboro Bridge Most of these 
vehicles could have crossed the river at LoweU but used Route No 113 
to avoid the heavier traffic on U S Route No 3 It seems fair there-
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fore to charge against this 3-inile section ^ X 0 71 X $161,000 = 
$57,155, or $19^440 per mile Interest on this investment at 4 per 
cent = $778 annual cost per mile 

The new bridge is a steel arch of 546 ft span, supporting, a reinforced 
concrete highway forming the floor system It is the type of bridge 
which will be able for many years to carry any loads that the highways 
joming it can carry It is proper m this type of structure to put all 
maintenance into the form of an average annual amount In the 
absence of any figures (since the bridge is new) $1,000 has been assumed 
as ample yearly maintenance to keep this bridge m serviceable condition 
for the next hundred years or more The portion chargeable to the 3-
mile section of Route No 113 is ^ X 0 71 X $1000 X ^ = $177, or I 
per mile 

T A B L E X 

COMPARISON OP ANNUAL ROAD COSTS 

Yearly traffic Gas tax Per mile 

Road 
Total 

vehicles 
Passenger 

cars Trucks Total To 
state 

Annual 
road 
cost 

Contri
bution 

by 
vehicle 
owners 

Boston Post, Conn 6,750,000 6,075,000 675,000 2f! 2f! S9,445 819,703 
Des Moines-Ames, Iowa 1,000,000 0 0 3>i 1 7ff 2,620 2,240 
Tyngsboro, Mass 548,000 500,000 48,000 3fi 2 45fi! 2,685 1,685 
Tyngsboro, Mass (includ

ing bridge) 548,000 500,000 48,000 3j! 2 45f< 3,523 1,685 
Concord-Harvard, Mass 370,000 338,000 32,000 3ft 2 45f! 2,327 1,131 

On these assumptions the total annual cost of the Tyngsboro Bridge 
chargeable to the Tjmgsboro road is $838 per mile, which is equivalent 
to about 31 per cent of total of all other road costs 

Adding this $838 to the other cost $2685 gives $3523 as the total road 
cost, which is 50 cent per passenger vehicle mile and 2 19 cents per 
truck vehicle mile, allocated to the two classes of vehicles m proportion 
to their weight 

Table X gives a condensed picture of the road costs on the sections of 
the four roads so far investigated by the Committee It seems to 
indicate roughly that, provided the State spends two cents of the gas 
tax upon roads, the vehicle owners are paying the total road costs in gas 
tax and registration fees only on those roads that carry over 1,000,000 
vehicles per year 

In Massachusetts, which has the densest state highway traffic, 61 
per cent of the total 1640 miles carry over 1,000,000 vehicles per year, 
but in many states the mileage that carries that amount of traffic is 
neghgibl6 or does not exist. 
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In the four roads given in Table X , part of the gas tax did not go to 
the state roads but was used on county or city roads, which of course 
serve the motor vehicle owner It is therefore equitable in these analy
ses of state roads to treat as contributions only that portion of the gas 
tax that was actually expended by the state on roads, but in those states 
where some of the gas tax receipts are expended for purposes other than 
roads the motor vehicle owner should be given credit for his full 
contribution 

A cent or two added to the gas tax (if apphed wholly to state roads) 
would considerably change the ajnounts in the last column of the table 
It is also evident from this table that a gas tax of four to six cents in 
states having many miles of highways with hght traflBc may be consistent 
with a three cent tax in Massachusetts, Connecticut or New York 

The Committee gratefully appreciates the assistance given by the 
officials of the Highway Division of the Department of Public Works 
of Massachusetts 

The figures used in this report have not been verified by the Depart
ment of Public Works nor have they had an opportunity to criticize 
them, and therefore the responsibility for their use lies wholly with the 
Committee 

The correlation and assembly of data and computations of road costs 
were done by Mr Alexander J Bone, under the general direction of 
the author 

A S T U D Y O F COSTS ON V A R I O U S T Y P E S O F H I G H W A Y S 

B Y RAYMOND G PATJSTIAN 

Instructor in Civil Engineering, Iowa Slate College 

SYNOPSIS 

A discussion of the various items that go to make up the cost of 
highway transportation including roadway costs, vehicle operating 
costs and contributions to road funds through gasoline taxes and 
license fees On the basis of average values for the different items 
a table is presented showing the relations between operating costs, 
tax contributions, and annual roadway costs for various traffic 
volumes on the three types of roads Based on the assumptions 
necessarily made an annual traffic of 675,000 vehicles apparently 
contributes enough through taxes, on the average to pay the annual 
cost of a high type road 

"A knowledge of all of the factors entering into total cost of trans
portation is needed to furmsh a basis for the equitable taxation of vehi
cles, for the proper layout of highway improvement programs, and for 
the economic design of roads In other words, highway transportahon 
cost is a dominant factor in the solution of aU highway problems 

In planmng an improvement program, the type of improvement 


