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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 
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should be used for which the annual transportation cost will be the 
lowest at which the expected traffic can be adequately served 

There can be httle doubt as to the necessity for the proper determina
tion and interpretation of highway transportation cost, especially in 
these times when every expenditure, every improvement, every plan, 
whether proposed or executed, is so carefuUy scrutimzed, its justifiabdity 
so rigorously attacked The problem is almost limitless, but it is hoped 
that the following cost studies of various ty^pes of highways will indicate 
how useful a rather general conception of the entire subject may be 

HIGHWAY TBANSPORTATION COST 

The Committee on Highway Transportation Costs in 1929, presented 
a method of determimng the cost of transportation over a given highway, 
and, in 1930, offered a set of detailed computations, which illustrated 
the use of its method 

"The annual cost of transportation over any length of highway," as 
defined by the Committee, "consists of the yearly cost of providing the 
roadway ready for service plus the cost of operation of all vehicles while 
usmg that particular road during the year " It is further stated that 
"the cost of highway transportation per vehicle mile is equal to the 
annual road cost per mile plus the annual operating cost per mile of 
annual traffic, less the contributions to road funds, all divided by the 
annual traffic per mile " 

Continuing with the Committee's report,—"The annual cost of a road 
may be expressed as the total average yearly expenditure that will con
struct, replace, and maintam in perpetuity in standard serviceable con
dition any existing road.under existing traffic and climatic conditions 
This amount may be calculated by determimng the amount of money 
which, if set aside today, will return, m perpetuity, as interest, sums 
sufficient to pay annual interest charges on construction cost, to provide 
a sufficient annual maintenance charge, and to accumulate periodically 
necessary replacement costs, and by multiplying that amount by the 
rate of interest prevaihng in current state financing " 

In brief, then, to determme the cost of transportation over a given 
highway, it becomes necessary to know or be able to estimate (1) the 
annual cost of that highway, (2) the annual traffic using the road, (3) 
the operating costs of this traffic, and (4) the contributions of this traffic 
to road funds 

COSTS ON VARIOUS T Y P E S O F HIGHWAYS 

It seems advisable to confine this analysis to three broad types of 
highway surfaces, rather than to try to make a comparative study of 

» From Report of Committee on Coordination and Program, Ninth Annual 
Proceedmgs, Highway Research Board 
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costs on each of the dozens of types of highways in use today Inas
much as there are so many vanables entering into the problem, this 
seems, at least for the present, to be the best course to follow 

Classification of Surfaces The prevaihng types of highway construc
tion have been classified in various ways by different individuals, but 
the following classification seems logical* 

Low Type 

Intermediate Type 

High Type 

Natural earth 
Sand-clay 
Untreated gravel 
Traffic-bound macadam 

Water-bound macadam 
Surface treated macadam 
Surface treated gravel 
Penetration bituminous macadam 

Bituminous concrete 
Sheet asphalt 
Portland cement concrete 
All block pavements 

Construction Costs Within any one of the above groups, the cost of 
figures for the different surfaces mcluded in the group will probably 
show considerable variation In order to arrive at some sort of a solu
tion without entaihng an endless and needless amount of work, it 
becomes necessary to rely upon average values The average values 
given in Table I have been arrived at after rather careful study and 
appear to be logical Their probable correctness has been checked by 
careful comparison with records of construction cost, brought down, of 
course, to the present date It should be noted that the roads used in 
this study are assumed to be parts of a state highway system 

It IS mteresting to note that the construction cost of the intermediate-
type road IS roughly twice that of the low-tjTje road, while the cost of 
the high-type is approximately double that of the intermediate-tjrpe 
road 

Annual Costs Having determmed a reasonable value for the con
struction cost of each of the foregoing surface types, it becomes neces
sary to make a further estunate of the probable expenditures for annual 
and periodic mamtenance on each of these surfaces Furthermore, such 
estunates must be made for all practical volumes of traffic 

Of the items making up the annual cost, the first is interest on the 
construction cost Four per cent has been chosen as a more or less 
average figure and when apphed to the total construction costs gives the 
values in Table I I It is very evident that the interest cost is constant, 
regardless of the volume of traffic 

Of aU thê  items entering into the annual cost calculations, that of 
annual maintenance is probably the most difficult to obtain This is 



54 HIGHWAY RESEARCH BOARD 

especially true when it is necessary to know the vanation of these costs 
with traffic Undoubtedly, annual maintenance costs do increase with 
traffic, but no one seems to know just how this variation takes place 
Several writers have made estunates, but all agree that there is available 
only a meager amount of data For the present, the values given by 
T R Agg on page 406 in his text on the "Construction of Roads and 
Pavements" wiU be used These values are given in Table I I , in the 
formulae, M is the annual charge for mamtenance of the pavement 
surface and T is the annual traffic in tons Table I I also shows a defi-

T A B L E I 

E L E M E N T S OF CONSTRUCTION C O S T FOR V A R I O U S T Y P E S OF ROADS 

Type of road surface 
Item 

Low Intermediate High 

Right-of-Way 81,000 81,000 81,500 
Drainage Structures 2,000 2,500 3,000 
Earthwork 3,000 4,500 6,000 
Surface 2,000 9,000 20,000 
Appurtenances 100 200 200 
Engineering and Administration at 4% 325 690 1,225 

Total 88,425 817,890 $31,925 

T A B L E I I 

E L E M E N T S OF ANNUAL ROAD COSTS FOR V A R I O U S T Y P E S OF ROAD S U R F A C E S 

Item of road cost 
Type of road surface 

Item of road cost 
Low Intermediate High 

Interest on Investment at 4% 

Annual Mamtenance of Road Surface 

Maintenance of Shoulders 
Salvage Value 

8337 
T 

150 H 
550 

825 
0 

$716 

835 
82,250 

81,277 

$50 
$10,000 

mte sum allotted to mamtenance of shoulders, which, of course, must be 
added to the cost of surface mamtenance to get the annual maintenance 
cost per mile for a given volume of annual traffic 

In predicating a charge for periodic maintenance or replacement of 
the pavement surface at the end of its life, it again becomes necessary 
to rely upon estimates That the volume of traffic does affect the life 
of a pavement surface is very evident; a pavement carrymg a very hght 
traffic would surely last longer than one carrying a large volume of traffic 
On the basis of this fact, certain assumptions have been made and the 
periodic mamtenance charges calculated therefrom The life of high-
type pavement has been assumed to vary from 90 years for very hght 
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traffic (10,000 tons annually) to 15 years for heavy traffic (4,000,000 
tons aimuaUy) For the intermediate-tjTJe surface, this figure has 
been assumed to vary from 25 years to 3 years, and for the low-type 
surface, from 10 years to 1 year 

In the present analysis, each surface has been assumed to have a cer-
tam salvage value at the end of its Me The difference between the 
imtial cost and the salvage value represents the sum that must be 
accumulated during the life of the pavement surface The salvage 
value may be expressed as a percentage of the imtial value, or as a con
dition per cent For a high-type surface, a condition per cent of 50 
has been chosen, for intermediate-type surfaces 25, and for low-type 
surfaces 0 

T A B L E I I I 
C O S T OF O P E R A T I O N FOR COMPOSITE C A R 

(Annual Travel 7000 miles) 

Cost items 

Gasoline at 20^ per gal 
Oil at 25^ per quart 
Tires and tubes 
Maintenance 
Depreciation 
License 
Garage, $4 a month 
Interest at 6 per cent 
Insurance 

Total Cost 

Cents per mile 

1 27 
0 25 
0 43 
1 22 
1 63 
0 14 
0 69 
0 47 
0 33 

6 43 

Note License cost based on the national average fee of $10 10 

Table I V shows the aimual road costs that have been calculated for 
each type of surface for an annual traffic var3Tng from 10,000 to 
4,000,000 tons 

Traffic Costs For any given volume of annual traffic, it will be neces
sary to determine the composition of the total traffic, the operatmg cost 
of this traffic, and its contributions to the road funds through the gas 
taxes and the hcense fees 

The vehicles which make up the traffic usmg our roads today are of 
two classes, passenger vehicles and commercial vehicles From the 
more recent of the transportation surveys completed by the U S Bureau 
of Pubhc Roads, it is very evident that commercial vehicle traffic com
prises approximately ten per cent of the total traffic on our state high
ways The Iowa Engineering Experiment Station'' m a recent pubhca-

2 "Automobile Operating Cost and Mileage Studies," Robley Winfrey, Iowa 
Engineering Experiment Station Bulletin 106, 1931 
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tion has found that the average passenger vehicle weighs approxunately 
1\ tons The average truck (1\ tons) weighs 3000 pounds empty and 
approximately 5000 pounds with an average load On the tonnage 
basis it IS qmte evident that commercial vehicle traffic comprises about 
20 per cent of the total These values apply to Iowa conditions, but 
for the purpose of this analysis, they are highly satisfactory 

The authonty just mentioned has also shown the operating cost per 
mile for the average passenger vehicle to be as shown in Table I I I 

As the values given in Table I I I are probably for vehicles that have 
operated over low, intermediate and high-type surfaces, it is possible 
to say that they may be taken as average figures for intermediate-type 
surfaces There are sufficient data avadable to enable one to estimate. 

f 

-Lot 

f 
'tnrermeafare 

-tikjh Type 

« 

a 

Annual Mileage in Thousands or Miles 

Figure 1. Operating Cost of Composite Car on Various Types of Surfaces 

from this, the relative operating costs on both high and low-type sur
faces The variation of operating cost with annual mileage for the 
composite passenger car is shown in Figure 1 Commercial vehicle 
operating costs have been estimated at 7 38 cents per mde on high-type 
roads, 8 40 cents per mde on intermediate-type surfaces, and 9 62 cents 
per mile on low-type roads These values for commercial vehicles are 
based on an annual mileage of 8000 miles and an average hcense fee of 
$20 20, and do not include the cost of drivers' wages or other overhead 
expenses 

Contnbutions of traffic to road funds are obtained from two sources 
the gasoline tax and the registration or hcense fee Inasmuch as the 
road types being studied have been assumed to be parts of a state sys
tem, it is necessary to determine the proportion of the total contributions 
that goes to this system of roads This proportion varies widely in 
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individual states and it seems advisable to use an approximate average 
value This average has been obtained by a careful study of the tabula
tions of gasoline taxes, motor vehicle registration fees, licenses, etc , 
for the year 1931, as compiled by the U S Bureau of Public Roads 
These tabulations show that of the total gas tax collections, 68 6 per 
cent IS apportioned to use on the state roads while 23 7 per cent is used 
on local roads The registration fee collections are likewise disposed 
of in the proportion of 68 1 per cent to state roads and 22 8 per cent to 
local roads The average gasohne tax collected in 1931 was 3 48 cents 
per gallon 
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Figure 2. Relative Annual Costs of Different Types of Highway Surfaces as 
Related to Traffic 

It is rather evident that each vehicle using a highway contributes a 
certain sum, per mde of travel, to the road funds through the gas tax 
and the hcense fee For instance, with the cost per mile for the com
posite car on intermediate type roads at 1 27 cents if it is known that 
gasohne costs 20 cents per gallon, and that 68 6 per cent of the gasohne 
tax of 3 48 cents is used on state roads, the amount that each passenger 
vehicle contributes to the road funds through the gasoline tax is 

1 27 
686 X 3 48 X = 0 152 cent per mile of travel The average 

commercial vehicle pays 0 25 cent per mile for the hcense fee If 68 1 
per cent of this amount reverts to state road funds, each commercial 
vehicle contributes 681 X 0 25 or 0 17 cent per mile These factors 
have been worked out for both types of vehicles using each type of 
surface and will be found in Table I V 
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Effect of Traffic Volume on Costs The terms that have just been dis
cussed and evaluated can now be apphed to defimte volumes of traffic, 
operating costs, tax contributions and annual road costs for various 
traffic volumes may thus be determined A tabulation of these values 
for an annual traffic varying from 10,000 to 4,000,000 tons is given in 
Table I V These data have been presented m graphical form in Figure 2 

In discussing this anal3T3is, it should be remembered that the basis 
for the entire study hes in assumed values for many items, assumed 
because it is impossible, as yet, to know their true values The alssump-
tions made, however, are within the bounds of reason and any conclu
sions that may be drawn from this study should have some signfficance 

The annual cost curves shown m Figure 2 indicate clearly how the 
annual cost for each type of road vanes as traffic increases It is quite 
apparent that the points of intersection of these curves mark the place 
where, for any increase m traffic, the annual cost of the higher tj^e is 
less than that of the lower type surface It is very interesting to note 
that the annual costs of the low-type and high-t3T)e surface are equal 
when the annual traffic is less than 500,000 tons, while the low-type 
and mtermediate-type surfaces have equal annual costs when the volume 
of annual traffic is over 1,500,000 tons 

The curves shown as dotted hues in Figure 2 mdicate how the tax 
contnbutions vary with annual traffic on each of the three types of 
surfaces being studied Considenng any single type of surface, it is at 
once apparent that the intersection of the "contribution" curve and the 
"annual cost" curve represents the point where annual road costs and 
tax contributions are equal From the figure, annual road costs and 
tax contributions are equal when the volume of annual traffic is 900,000 
tons for high-type roads, 2,650,000 tons for intermediate-type roads, 
and about 10,000,000 tons for low-type roads These values represent 
respectively, annual traffics of about 675,000, 1,800,000 and 6,000,000 
vehicles 

CONCLUSIONS 

The foregoing discussion is intended as an additional step in the devel
opment of the analysis of highway transportation costs Defimte con
clusions from so general an analysis are made with difficulty, especially 
when one considers the numerous assumptions it was found necessary 
to make One or two points are sigmficant and are worthy of mention 

An annual traffic of 675,000 vehicles apparently contributes enough, 
through taxes, to pay the annual cost of a high-tj^ie road This annual 
traffic represents an average hourly traffic of 75 vehicles—a figure that 
is probably exceeded on the majority of our high-type surfaced roads 
The vehicles using high-type surfaces are evidently contributing more 
than enough money to pay the annual cost of the road The excess 
contributions, of course, are being used, and justly so, to pay the annual 
costs of hght traffic roads 
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D I S C U S S I O N 

ON 

H I G H W A Y T R A N S P O R T A T I O N COSTS 

P R O F E S S O R N W D O U G H E R T Y , University of Tennessee I have read 
a number of magazine and text book discussions which undertake to 
evaluate the saving made when distance is reduced Most of them 
assume that since the average cost of operating a mile of distance is 
about eight to ten cents per vehicle this amount will be saved if distance 
IS reduced Notice that the fixed charges, with small operating mileage, 
run the operating cost up to eighteen cents per mile When you have 
a large operating mileage per year you bring the cost down to five cents 
per vehicle mile Of the five cents only a part may be saved because 
the fixed charges still enter in to the cost 

M R F L A V I S , Consulting Engineer, New York In regard to values 
of savings in distance, I hardly think we should concern ourselves here 
unduly with what magazines say I doubt very much if discussions in 
responsible techmcal journals make the mistake of assuming that savings 
of distance affect all operating costs 

It is evidently, however, necessary to place further emphasis on the 
statement of the Committee that there is the greatest danger in appl3ang 
any of these figures indiscrmimately and unintelligently 

PROFESSOR M O R R I S O N One thing which is apt to be overlooked is 
that even the vehicle operating costs which valy with mileage are not 
entirely chargeable to the distance operated and should not be entirely 
credited to distance saved 

For instance, gasoline is used in starting and idling as well as in travel
ing With my own car I get an average of less than 10 miles per gallon, 
but on a long trip I get more than 12 miles per gallon Therefore, by 
the elimination of one mile of distance I save -,V gallon of gasoline, not 
iV gallon That means that only 80 or 85 per cent of my average cost 
per mile for gasoline is saved by ehminating the mile of travel 

Tires deteriorate with age, abuse, and accidents as well as with mileage 
so that the cost probably varies even less directly with distance than 
does the cost of gasoline Maintenance costs increase with mileage 
but there are many items such as new batteries, brake adjustments, and 
body repairs which depend more upon frequency of use than upon dis
tance traveled Depreciation is apt to be due more to obsolescence than 
to use 

After the average total cost per mile for gasoline, oil, grease, tires, 
maintenance, and possibly depreciation, has been computed then some
thing less than 100 per cent of this cost is saved for every mile of distance 
which IS ehminated Attempts have been made to determine just what 
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this per cent should be but it is very difficult, if not impossible, to deter
mine it accurately and the engineer can only use a figure which, in his 
best judgment, is conservative 

The mam point is that not all of the sum of these variable costs is 
saved by eliminating distance, and none of the fixed costs such as license 
fees, garage, insurance and interest 

P R O F E S S O R D O U G H E R T Y I did not make my pomt clear I say that 
in many magazine and text book discussions you will find that the 
authors are not trying to evaluate the saving made by a reduction in 
distance but are puttmg down all the operating costs of the motor 
vehicle Many of the items are not proportional to the operating cost 
of a mile in distance If the average operatmg cost of a rmle is ten 
cents and you multiply this sum by the amount of traffic per year, tunes 
the miles of distance saved, the result is not the saving that may be 
obtained by cutting down distance 

There are many items in the cost that are not proportional to distance 
at all When you travel a few miles per year, your operating cost per 
mile IS high 

If you examine the discussions previously referred to you will find 
that the authors are trying to prove that to save a mile of distance you 
can afford to spend much, even milhons of dollars This, for the 
ordinary rural highway is purely fallacious You cannot afford to 
spend the amounts thus obtained 

M R L A V I S I do not agree with the previous speaker that it is fal
lacious or fantastic to say that the saving of a mile m distance may 
justify the spending of a milhon dollars On the contrary, the amount 
which justifiably may be spent may be many tunes that amount 

Without going into detail I would refer particularly to the studies 
which were made in connection with the design of Route 1 Extension of 
the New Jersey State Highways (now Route 25) The main section 
of this highway cost $25,000,000 for eight miles and it was considered 
unperatively necessary to check very carefully the economic factors, 
that is to say, the effect on the operating costs of vehicles, of the location 
and design 

I think this was the first case where an attempt was made to apply 
fully to highway construction the economic theory of location which was 
developed for radways by the late Arthur M Wellmgton Several 
individual factors had been studied and apphed elsewhere, but not, so 
far as the speaker is aware, the apphcation of the theory as a whole 

These studies are described in a paper entitled "Highways as Elements 
of Transportation" published in Vol 95 of the Transactions of the Ameri
can Society of Civd Engineers 1931, and at some greater length m Mr 
S S Johannesson's book on Highway Economics 
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D R L I H E W E S , U S Bureau of Public Roads I am a little puzzled 
to decide whether the gentleman means for us to infer that if we made 
the roads longer the operating costs would be cheaper, or whether he is 
pointing out a fallacy in the reasomng of the preceding paper If his 
position IS sound I feel a large part of my Me has been misspent because 
it has been one of my objectives to reduce mileage although I think it is 
quite true that we have seen some .rather extravagant claims made 

I suppose you are all famihar with the studies made in New Jersey 
prior to the construction of the superhighway between Jersey City and 
Trenton They introduced there a new element to me, and that was 
the time losses, rating the value of trucks at a certain number of cents 
per minute and similarly with the other vehicles That question of the 
value of time of course is one that might be debated extensively It 
leads us to the question of why operate an automobile anyway I think 
these studies are extremely valuable and possibly are of some danger 
It IS obvious, however, that the heavily traveled roads are the money 
making ones and that fact has made extreme bearing on some of the 
questions that are now being agitated, in particular the attempts to take 
revenue away from the main trunks and peddle it around to the roads 
that cannot earn their keep 

I have not seen any magazine articles that claim ten cents saving per 
mile for reduced distance Twenty years ago when the Bureau pub-
hshed my bulletin on Highway Bonds I had the tementy to make some 
comparisons on a basis of five cents However, I think a rating of the 
economy of improvement could best be handled by setting up a table 
of what could be saved at one cent, two cents and so on, allowing the 
engineer to select from the data which he has at his command the proper 
savmg figure 

M R L E P E A B O D Y , Bureau of Public Roads I t seems to me that the 
difference between Dr Hewes and Professor Dougherty might be this 
point: Professor Dougherty contends that not all of the saving is at an 
operating rate of ten cents a mile The individual user whose mileage 
IS sufficiently large, operates at about five cents per mile He does not 
want ten cents apphed to all the traffic 

Dr Hewes is thinkmg of the aggregate of traffic carried by a road and 
he IS urgmg that the roads carrymg the most traffic and the largest 
volume be considered the greatest earners, as they are, and that saving 
in distance on those highways is most valuable, although not every 
vehicle upon them operates at the ten cent per mile rate 

M R E W J A M E S , U S Bureau of Public Roads The material pre
sented by this Committee at the meeting last year and at the present 
session appears sound up to the point where it becomes necessary to 
determine some method of applying generally to the highway net the 
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element of vehicle costs as a part of total transportation costs The 
discussion last year pointed out the unsoundness of general conclusions 
based on the study of specific sections of road or based on applications 
of the data to separate road sections 

The application actually made in last year's report of the factual data 
then in hand indicated, however, the direction in which a wide general 
application of the data should be sought 

Assuming that we have all the facts necessary regarding vehicle 
operation, it appears that adequate and sufficient additional data may 
be found: (a) in the density of traffic on the road system, and (b) in a 
complete condition chart or map of the same system 

The density figures collected exactly as if for a flow chart will furmsh 
the amount of traflRc on every section of all routes of the system The 
condition chart will locate every section and indicate its length, type, 
width and other physical details Such a condition chart predicates 
the knowledge of original costs and the date of construction and mainte
nance charges These enable us to determine present cost and total 
annual cost, section by section 

With these data in hand, it then becomes possible to answer a large 
variety of questions progressively in greater detail according to the way 
the facts are applied 

If the question, is "Does the highway system as a whole pay for itself" 
we may determine an average density of traffic, disregard types, deter
mine the sum of the maintenance and carrying charges, and answer the 
question definitely If the question is put in another form, such as 
"Does a particular type of pavement in the system pay for itself as a 
whole'" again we have data for answering the question The density 
figure for all roads of the specified type can be determined together with 
the fixed charges and an answer given to the question Again, if the 
query takes the form "Is a specific section of road paying for itself'" the 
material already presented and the report of the Committee last year 
and this year indicate the method of arriving at a defimte answer 

Fmally, we are in a position further to analyze the apphcation of the 
data relative to vehicle operation to answer the question within what 
hmits of trafllc does a pavement of specific type pay for itself 

From the density figures and our condition chart, with the data 
imphed as accompanymg that chart, we can make an array of sections 
based on frequency intervals of traffic, givmg those mtervals such value 
by tnal as wUI best suit conditions The apphcation of this method will 
enable us to determine, for instance, whether on roads of a specified 
type traffic from 0 to 499 will carry the total transportation charges, 
whether in the next frequency interval 500 to 999 the traffic will or will 
not carry the total transportation charges, and so on, through each 
frequency interval for which cases can be found on the specified types 
of pavement m the entire system B y this method, for instance, we 
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might find that a bituminous macadam with a very heavy base, and 
therefore of relatively high original cost for this tyi>e, may not pay for 
itself in the frequency group 500 to 999, or in a lower group, that it will 
pay for itself in the frequency group 1000 to 1499, and then agam in 
the next frequency group 1500 to 1999, it will not pay for itself because 
of high mamtenance charges 

For the designer and the administrative official responsible for laymg 
out a highway system and fixing a program of construction with the 
implied selection of types and determmation of all design features, this 
last method of analysis seems to be the most suggestive and valuable 

The data required additional to that relative to vehicle operation are 
only such as can be obtained in the ordinary traffic survey of the State 
to determine density figures, together with the state records of con
struction and mamtenance 


