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The basis of a commonwealth life among the people of a 
State is found in the vital common interests, in the active 
disposition among their leaders to promote these and in their 
ability collectively to achieve these ends of common welfare. 
The prime requisites for a rapid and full realization of their 
public interests, through which ever higher levels of living 
are attained, are unity oif effort in developing their policies, 
the use of the best tactics of deliberation upon them so that 
the matured common sense of all is brought to bear upon 
the issue in hand, and lastly the focusing of the best light 
available from every source. 

It was to get just this unity of effort in Oregon toward 
maturing a policy regarding such a major commonwealth 
interest as road improvement and to insure, as the first phase 
of this unified effort, thorough deliberation with the best 
expert aid at command to guide to right practical conclu
sions, that the University of Oregon arranged a conference 
for the study of a highway code for the State. This was held 
in Portland on January third and fourth. The papers pre
sented before the sessions of that conference comprise the 
body of this issue of the Commonwealth Review. 

A keen awareness of the need of an up-to-date highway 
code for Oregon was increasingly manifesting itself during 
the year 1916 among all those who appreciated the stake 
the people of the State have in realizing an adequate system 
of roads. A combination of causes was sensitizing their 
minds to this growing need': (1) Unmistakable evidence at 
every hand showed a very low measure of results from the 
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comparatively large annual expenditures on Oregon roads. 
(2) It was realized that the possibilities of substantial aid 
from the Federal treasury were contingent on Oregon's get
ting her highway improvement activities systematized. (3) 
The rapidly extending use of motor vehicles for recreational, 
tourist, as well as every-day traffic purposes, was greatly 
increasing the value of the good road as a factor in Oregon's 
development. ( 4) It was becoming clearer d'ay by day that 
the only way to get full returns for every dollar expended 
in highway improvement was to require that all road work 
be under the direction of an engineer or a past-master at 
road building. And (5) the same principles of business 
administration and accounting that insure efficiency and 
economy in private enterprise must obtain in this public 
enterprise. However, the confusing and conflicting provi
sions of the road laws that had been enacted fro~ session to 
session had not been devised to meet such conditions as exist 
today, nor had there been available for the framers of them 
the insight into the art otf highway building that study and 
experience the country over have yielded for us to-day. 

There was thus by the close of 1916 a strong disposition 
among discerning public spirits to attempt a long strid'e in 
advance with this most difficult public undertaking for the 
people of a State. Unity of effort taking as its initial form 
such thorough investigation and deliberation as would bring 
all contributions into a harmoniously organized project of 
road legislation must be arranged. The aid of the leading 
national road experts must be secured as far as possible to 
give best conditions of success in d'eveloping a road code 
adapted to Oregon's conditions. The duty of marshalling 
such factors of achievement in commonwealth service must, 
it would seem, most fittingly fall to the State University. 
The challenge was accepted. 

It is necessary to say only that the appeal made .to the dif
ferent agencies throughout the State manifesting an active 
interest in highway improvement met in each case with hearty 
response. Among the agencies· that gave the conference such 
strength as it had were the· following: The State Highway 

, 
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Engineer; the Federal highway engineers stationed in Ore
gon; the Oregon Good Roads Committee (an alliance of eleven 
different civic organizations) ; the State Association of County 
Jud'ges and Commissioners, and the American and the Ore
gon Societies of Civil Engineers. It should be acknowledged 
that the opening for the University for taking this role was 
made directly by the Linn County Good Roads Association. 
It committed a strong movement inaugurated by it for such 
a State conference on highway legislation to the auspices of 
the University. Furthermore, it was due to the foresight of 
the State Association of County Judges and Commissioners 
that the United States Office of Public Roads and Rural Engi
neering had been requested to prepare a tentative draft of a 
highway code for Oregon. Through the kind courtesy of the 
president of this organization of county judges and com
missioners, Hon. Rufus C. Holman, the University's confer
ence had the text of a carefully prepared code for study during 
two of its sessions. The engineers of the Federal office whose 
investigations were embodied in this code were present to 
explain its provisions. The highway engineers of the State 
Agricultural College gave just such most valuable assistance 
as their functions in the State equipped them for. Not a little 
of the success of the conference was due to those who pre
sided over its deliberations: President J. D. Brown, of the 
Farmers' Union oif Oregon and Southern Idaho; President 0. 
W. Taylor, of the Oregon Good Roads Committee and Dr. 
Alfred C. Schmitt, treasurer of the Linn County Good Roads 
Association. Through the good offices and large influence 
of Dr. Schmitt mainly all the exponents of good' roads agita
tion had been persuaded to come under the auspices of this 
Eighth Annual Commonwealth Conference of the University 
of Oregon. To F. W. Sarr, deputy highway commissioner 
of the State of New York, the people of Oregon are under 
lasting obligations for a timely and thorough discussion of 
road maintenance. To the management of the Multnomah 
Hotel the University is indebted for the gracious tendering 
df every accommodation to make the sessions of the con
ference effective and enjoyable. The Press of Portland sought 
in every way to give its discussions the best publicity. 



Road Improvement in Oregon 

l.-THE MEASURE OF THE INTEREST OF THE OREGON PEOPLE 

IN ROAD IMPROVEMENT 

Oregon roads are having a sum equal to between $9.00 and 
$10.00 for every person expended on them annually. 

The people of only one other State are investing so heavily 
in roads. The average per capita road expenditure for the 
nation as a whole is less than one-third of Oregon's per 
capita outlay. 

The annual expenditure of nearly $7,000,000.00 on Oregon 
roads is the measure of the Oregon people's appreciation of 
good' roads. 

IL-BASIS FOR THIS ALMOST UNPARALLELED OREGON V ALUA

TION OF THE WORTH OF GOOD ROADS 

1. Desire for the gain involved in the reduced costs of 
marketing farm products. 

2. Desire for full returns from Oregon's resources in 
scenery and in equable climate. 

3. Desire to be free from the mud of the winter and the 
dust of the summer. 

4. Desire for the satisfactions of a high standard of living 
in finest school, church and social advantages and in the 
year-round means of recreation on the good' Oregon road. 

5. Desire to eliminate the limiting factor retarding Ore
gon's development-the factor now most in evidence in the 
way of preventing the degree of settlement which would make 
Oregon's immense power resources available. With the com
pact settlement of the valleys throughout Oregon, that good 
roads would invite, hydro-electric power would bring most 
econom.ical relief from about every form of drudgery in the 
field' and in the home. 
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Ill.-PROGRESS TOWARD THE ATTAINMENT OF AN ADEQUATE 

HIGHWAY SYSTEM HAS BEEN HINDERED BY THE CRUDE 

AN'D INEFFECTIVE ROAD IMPROVEMENT METHODS 

AND BY THE LACK OF PLANNED SYSTEM 

The low measure of results so far secured in our public 
enterprise of highway construction and maintenance has been 
due to the following: 

1. No real planning for systems of local and of marketing 
roads. (The need' of a system of State roads has become 
pronounced only recently with the coming of the automobile.) 

2. The road as a structure has not been regarded and 
handled with insight and' care in construction and mainte
nance. The factors that make and that destroy a good road, 
the materials and their treatment that are necessary for a 
comparatively permanent road, had not in the past been 
determined. 

3. Labor and capital have not been applied in road 
improvement und'er tests of definite unit costs or of standards 
of efficiency. 

4. The public of the road district, of the county unit, and 
of the State at large, have not been able to see just how 
greater skill and efficiency in road construction and mainte
nance would have meant for each a higher type of road 
facilities, and so could not insist on having the best results. 

IV.-FEATURES OF A PROGRAM FOR UP-TO-DATE HIGHWAY 

IMPROVEMENT IN OREGON 

1. There must be planning on an investment basis of a 
road system for each order of areas having unity of traffic 
routes and distinctive highway need's. 

This calls for the following: (a) District road systems, 
including the local roads of the respective communities having 
common connection with the main marketing roads. 

(b) County road systems in which the roads radiating 
from the different marketing centers to the district branch 
roads systems are included. 
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( c) A State highway system. in Oregon for connecting 
sections separated by the National Forests and for developing 
the scenic and recreational resources of the State. 

The prepation of a map for each system, locating the routes 
and indicating the types of improvement realized and those 
proposed for each stretch of road would be the first step in 
this systematic planning. 

2. The Oregon situation as,to needs of highway improve
ment calls for largest cooperation with national effort. 

The interests of the State and Nation are one in demanding 
the following: (a) Development of the National Forests by 
means of roads that are an integral part of the Oregon 
highway system. 

(b) Roads connecting the sections of the State separated 
by the National Forests. 

( c) Improved and well-maintained roads to facilitate rural 
distribution of the U. S. mail. 

Incident to the cooperation of the national ,engineering 
forces with those of the State in the administration of the 
highway improvement common to the State and Nation would 
be the acquisition by the State of the highest standards made 
available from the best results of experience throughout the 
Nation. 

3. Rationally directed effort in road' improvement starts 
with the following (This supposes that. the alignment, the 
securing of the right of way and the grading have been taken 
care of) : (a) Determination of the type of the improvement 
warranted by the volume and the character of the traffic 
which the improved road will likely bear. For this deter
mination of the most economic and adapted type of improve
ment, a census of traffic on the route, or an inventory of the 
productions of the traffic basin of the proposed road', will be 
necessary. Probable diversion of traffic streams to the 
proposed improved road will need to be taken into account. 

The most economic type of road improvement is that from 
which there is the largest excess of gain in annual traffic 
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utility over the following costs: Annual interest on first 
cost plus annual depreciation and repair costs and annual 
maintenance cost. 

(b) Determination of the most suitable materials to be 
used as conditioned by their availability to the stretch of road 
to be improved and by their durability under the impairing 
influences of the climate and wearing stress. 

4. What should go before any phase of financiering in 
road improvement. 

( a) Before any money is taken from the pockets of the 
people in a tax levy or an annual interest charge is saddled 
on their backs through any bond issue, much must have been 
d'etermined about a proposed road improvement as closely 
as the best engineering skill and judgment can. The types 
of road most economic for the existing and probable traffic 
needs, the climatic, soil and topographic conditions; also the 
order of construction of the individual roads of this particular 
system and the probable maintenance costs must all have been 
ascertained. Thus in every projected road' improvement, 
including the whole or any part of a system, the improvement 
in all its features as a structure, and in all of the conditions 
attending its use, must have been realized in the mind of the 
designer. 

(b) As the only c.ombination that produces the road is the 
people's money and the engineer's brains, it is for the people 
to determine when and to what extent they wish to invest in 
road's and for the engineer to be in control to insure the best 
returns from the road investment. 

5. A State Highway Department constitutes the normal 
agency for several services indispensable .in Oregon road 
improvement. 

( a) It should administer the improvement of the specific 
State highway system which several elements in the Oregon 
situation as to highway needs make essential. 

(b) It would apportion the funds from the State millage 
road levy through which urban contribution is made for rural 
highway improvement; it might apportion or apply directly 
the receipts from the licenses on the motor vehicles. 
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(c) Through the State Highway Department the skill and 
judgment of superior engineering ability is made available 
in a supervisory capacity for all county road improvement 
throughout the State. 

( d) This Department, as the depositary for all plans and 
financial and other records and reports, becomes the means 
for the enforcement of the highest standards of efficiency 
and economy. 

6. Water and wear on the Oregon road-the maintenance 
problem. "It begins the day construction end's"-and there 
should be no day of intermission of maintenance. A little 
water at frequent intervals during the summer months on all 
Oregon roads would be a godsend ( excepting the few miles of 
asphalt and concrete surfaces). Too much water during the 
winter months from above and from below is their ruination 
unless they are rightly drained and' maintained. 

The maintenance need's, then, are simply a binder for the 
surf ace particles during the summer months and a crowned, 
smooth and impervious surface in the winter, with the under 
and the side drains unobstructed. It would' add so much to life 
in Oregon t0 be free from the road dust of the summer and 
the road mud of the winter ! 



The Defects in Oregon's Present Road Laws 
By Rufus C. Holman, President Oregon Association of County Judges 

and Commissioners 

The laws now in effect that grant the authority, define 
the duties, limit the powers and direct the efforts of the 
several governmental agencies of Oregon in the administra
tion of the road funds, are antiquated, indefinite and con
flicting. Although the population of every county in the 
State has grown from that of sparse pioneer settlements to 
that of today, yet according to the existing laws, we are still 
to locate our roads by first appointing viewers to spy out the 
proposed' routes and mark the locations by blazing the trees! 
Although we are spending millions of dollars annually in road 
work, it is necessary to constantly carry suits at law to the 
Supreme Court of the State before we, who are responsible 
to the people both civilly and criminally for the legal disburse
ments of their funds, can know whether our procedure is 
legal or not. Although there is an enormous amount of work 
to do each year and our season for outside work is short, yet 
no one is sure which of several laws on the same subject 
prevails. 

For generations each successive legislature has amended, 
repealed and enacted laws pertaining to roads, without ever 
considering the entire subject as a harmonious whole, the 
altering of a part of which disturbs the entire structure. 
Wherever we turn in our law books for guidance in road 
matters, confusion confronts us. 

Time has changed conditions. A revolution in transporta
tion has passed over us. Our roads must meet new demands. 
The pack-horse and the ox-cart are no longer the prevailing 
means of conveyance between the producer and' the markets 
of Oregon. The rapidly moving, and heavily laden auto truck 
requires the grade and alignment which only skilled highway 
engineers can produce economically. The awful waste of 
continually relocating the routes selected by guesswork must 
stop. The enormous expenditure tfor road work of a tem
porary character, made under the direction of men ignorant 
of the requirements of d'rainage, uninstructed in the necessity 
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of proper grading and unfit to supervise the labor of other 
men, must give way to-careful investments of the public funds 
in construction of a permanent nature, consummated under 
the careful supervision of skilled men, prepared for their 
work by education and experience. Our present laws produce 
wasteful conditions and prevent the consummation of pru
dent expenditures. They must be repealed, and in place of 
them must be enacted a complete code of road laws providing 
for the initiation, construction and maintenance of roads, 
the financing of such work, the organization and supervision 
of the forces, the acquiring of rights-of-way, the vacation 
of unnecessary routes, the regulation of traffic, the fixing 
of responsibility for accidents, the elimination of grade 
crossings, and' all other matters pertaining to the subject. 

To accomplish this, the Oregon Association of County 
Judges and Commissioners have requested the office of Pub
lic Roads and Rural Engineering at Washington, D. C. to 
prepare a draift of such legislation as seemed to them neces
sary for such purposes in this State and supplied them with 
Bulletin No. 1, of the State Engineer's office, which was 
prepared by Hon. John H. Lewis at my request. In addition 
to that, a committee was appointed by the same association 
to cooperate in this work, consisting of Representative Laur
gaard of Multnomah County, chairman; Senator Orton, of 
Multnomah; Representative Schimpff, of Clatsop; District 
Attorney Evans of Multnomah and' Representative A. W. 
Mueller of Columbia. These men are to have the assistance 
and cooperation of District Attorneys Bell of Wasco and 
Neuner of Douglas with Deputy District Attorney Murphy 
of Multnomah County. 

I hope there may be a concerted effort made in this attempt 
to correct the evils which now exist in our road laws so that 
the next legislature will not be confused by a multiplicity of 
recommendations. To that end I will transmit to you the 
draft for a code prepared by the Office of Public Roads at 
Washington as soon as it is received. It can hardly fail to 
arrive in the next mail from the East.* 

• The document was received so as to be available during Its last two sessions. 
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May there be no personal jealousies in this work, and' may 
we not have in mind the particular ambitions of any particular 
persons in the preparation of these proposed new laws, regard
less of the prominence of such persons, but have in mind only 
the welfare of the people of the State. 

Bear in mind that the careful expenditure of money for 
efficient public roads is the best use to which we can put. the 
public funds; therefore the great importance of the work 
before this Commonwealth Conference, which is conducted 
under the supervision od: the University of Oregon. 

I turn now to point a specific feature or two of our present 
road laws simply to bear out the claim . made in my opening 
statement that the provisions in them are "antiquated, 
indefinite and conflicting." 

I shall not discuss in detail the defects in Oregon's present 
road laws, for to do so would require too long a time. I take 
the liberty of commenting briefly on such few as have come 
under my observation as a county commissioner of Multnomah 
County. 

To consider first the oldest and most accepted form of 
procedure for the establishment of county roads, you probably 
know that under this method' of laying out county roads, an 
application in proper form must be presented to the county 
court, signed by twelve freeholders od: the county residing in 
the road district where that road is to be located. The only 
exception from this rule is in the case where all the lands 
necessary for the establishment of the road are deeded to 
the county by interested individuals. The effect of such a 
provision is at once obvious. 

In the first place, unless the county court desires to under
take the circulation of a petition, it can initiate no proceedfogs 
for the establishment of a road, however essential that road 
might be toward the completion of a definite program. 

Secondly, it is well known that a petition signed by twelve 
freeholders can be secured and presented to a county court 
with little trouble, and without proper consideration of the 
real merits of the petition. 
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The effect of making this procedure exclusive is two-fold. 
It hampers a county court in the formulation of a definite, 
comprehensive plan for the road' development of a county, 
and in adctmon 1t has the effect of encouraging many petitions 
to be filed and considered by the county at some considerable 
expense when there is no real merit to them. 

, It seems to me that while this provision of the law might 
well be retained for the benefit of small communities in which 
it is necessary to establish a road f6r local needs, yet some 
provision should be incorporated to enable the county court 
of its own motion to initiate proceedings for the establishment 
of needed' county highways. 

After the petition is filed and due notice thereof given, it 
is presented to the county court, whose duty it is to appoint 
a board of county road viewers. This board must immediately 
locate and mark the road as prayed for in the petition. The 
system of marking appears to be antiquated. At least one 
thing is certain, that in many cases the counties are subjected 
to unnecessary expense, for the survey and' marking are done 
before the road is finally established. Thus the same expense 
is entailed on the road which is never established as on the 
one whose need is apparent and which is later opened' to 
the public. 

It has been a constant cry against the administration of 
justice in our courts that the procedure was too cumbersome, 
and yet we have the same faults in appeals from the orders 
bf the county court establishing roads. It is provided that 
any one feeling aggrieved at the assessment of damages for 
establishing a road may appeal from the county court to the 
county court, and finally from the county court to the circuit 
court. In those counties where the county judge is a member 
of the county court, it would seem to be a useless proced'ure 
to appeal from the decision of the county judge sitting with 
two commissioners to the same county judge sitting alone. 
It is fair to suppose that in the great majority of cases justice 
might be served more quickly and more cheaply by dispensing 
with any appeal to the county court and making the appeal 
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directly to the circuit court. At least this would relieve the 
county judge of the embarrassment of passing upon the 
judgment of his fellow commissioners. 

If you are familiar with our road laws, you will say that 
there is a form of procedure already provid'ed whereby the 
county court may proceed with the permanent improvement 
of a county road of its own motion and without a petition. 
But it is to be noticed that this method is only available where 
the road is already opened and it is not the intention to depart 
from the general route of such established road. The trouble 
with this mode of procedure, however, is that it provides for 
a hearing to be had with the owners of the lands to be appro
priated, and ,if at that hearing the county court is unable to 
agree with the owners as to the amount of compensation and 
damages, it is then compulsory upon the county court to insti
tute condemnation proceedings to acquire its right of way. 
As an owner frequently has exaggerated ideas of the value 
of his own property, this is usually the case. If the county 
court commences condemnation proceedings, it must do so as 
any other corporation given the right of eminent domain. 
This law makes it incumbent upon the county to pay a reason
able attorney's fee to the d'efendant, unless it appear that the 
county has tendered him before commencing the action an 
amount equal to or greater than that assessed by the jury. 
This provision of the law is an added inducement for the 
attorney Olf the owner to encourage a disagreement between 
the parties, in the hope that by securing a small amount in 
excess of that tendered by the county court he will thereby 
be paid from the county funds a "reasonable" attorney's fee. 
If the county court, in establishing a county road, is a court, 
its decision should be binding, and private parties should be 
compelled' to appeal from its decision. Instead of this the 
county court is forced to take an anomalous position in the 
litigation by being compelled to justify the justice of its 
decision before another tribunal. 

We thus see that these defects in our system of establishing 
county roads need correction by skilled hands at every step 
of the procedure. It is not enough to provide additional 
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methods of establishing county roads. Former legislatures 
have taken this course, with the result that we are now sur
feited with a .number of different methods totally inconsistent 
with each other. Lawyers have tried to harmonize the various 
sections and to supplement the good parts of one with the 
good parts of another, with the result that in the end no one 
can tell what should have been the proper course to pursue. 
An injunction suit usually follows, with its incident delays 
and' expense. Although it is a difficult, arduous task requir
ing much labor, some constructive legislation should be enacted· 
cutting away the dead timber of our road laws. 

There is one other feature of the road laws upon which 
I desire to comment. I believe that the county courts should 
be granted authority to protect roads established by them 
at great expense to the public, from damage at the hands of 
the wilful offender or criminally careless. We have a num
ber of statutes which make it punishable by fine or imprison
ment to do certain prohibited' acts, but an examination will 
show that they fail to go far enough. Or if the statutes are 
provided, the penalties are not properly arranged so that the 
offender can be meted swift and certain justice. The mis
demeanors are practically all made indictable misdemeanors, 
of which the justice court does not have jurisdiction. The 
result is that in an attempt at severity, so many formalities 
are necessary that the offender goes scot free. 



Classification of Oregon Roads and Total 
Mileage and Distribution 

By John H. Lewis, State Engineer 

It will require approximately 4,200 miles of State roads to 
connect each county seat and adequately serve all parts of 
the State. 

As. feeders to this trunk line system, approximately 8,000 
miles of high-class county roads will be necessary. 

We thus have a total of 12,200 miles of State and county 
road's to be built and maintained in accordance with modern 
standards required by motor vehicle traffic. In addition there 
are approximately 33,000 miles of local or district roads which 
must also be maintained. 

With our great area, and limited population and taxable 
wealth, we are thus confronted with an enormous task. Its 
magnitude will perhaps be appreciated better by comparison 
with New York State, which has practically the same length 
of State and county roads. Here State bonds to the extent of 
$100,000,000.00 have been issued and expended along with 
liberal allotments by counties and the system only about 
seven-tenths complete. 

The State of Oregon is so cut up by mountains and valleys 
that it would be difficult to greatly reduce the mileage sug
gested without doing an injustice to some counties. It appears 
that our State road system must necessarily be more extensive 
than that ~f California or Washington. 

We must have a north and south road along the coast, also 
one through the populous Willamette and' Rogue River valleys, 
and one through eastern Oregon. Likewise, we must have 
an east and west route along the northern and southern edges 
of the State, with sufficient diagonal routes through the center 
to afford proper connections for cross-State travel. 

The California state highway system includes 2,900 miles 
or three-fourths that suggested for Oregon. • It is estimated 
that $50,000,000.00 will be required to complete that system. 
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Washington has 3,293 miles designated as state routes. The 
State of Michigan has 4,785 miles or more than the State of 
Oregon. 

Of the 4,200 miles of State routes, approximately 700 miles 
are within National Forests and Parks. 

Assuming that the Federal Government will ultimately con
struct the roads crossing forest and park property, and' that 
the State roads will when completed, cost on an average 
$20,000.00 per mile for both foundation and wearing surface, 
we will thus face an expenditure of $75,000,000.00 or more in 
the construction of the 3,500 miles of State roads, outside 
forest areas. If the county roads are also to 'be reconstructed 
and paved we must face an ad'ditional expenditure of $160,-
000,000.00. The basis for this estimate is the same as that 
used recently in New Jersey in voting a bond issue of 
$7,000,000.00 for road work. 

Two hundred and thirty-five million dollars will thus have 
to be expended on 12,200 miles of State and county roads, to 
say nothing of the cost of maintenance and renewal of these 
roads, in addition to the cost of maintaining about 33,000 
miles of local or district roads. 

From these staggering figures, it is apparent that the 
question of paving our State highway system should be 
approached with caution. If the counties of eastern Oregon 
are to contribute toward a paving program in western Oregon, 
it is but natural that such counties insist on paving for eastern 
Oregon. Are we ready for such a program? 

By thus presenting the problem from the standpoint of the 
State as a whole, we are better able to appreciate the problem 
and adjust our road' policies to meet conditions as we find them. 

The present condition of these State routes is thus an 
important factor in deciding upon policies for the future. 

PRESENT CONDITION OF PROPOSED STATE ROUTES 

The Pacific Highway from Portland to the California line 
is approximately 350 miles in length. About twenty-six miles 
of this distance is paved. A much larger mileage is surfaced 
with crushed rock or gravel, some of which is well maintained. 
A considerable distance is without any surfacing and is pass-



Shows tentative plan of a system of State routes, which, if described and adopted by the Legislature, would, when constructed, 
serve all sections of the State in a fairly equitable manner. These routes do not follow existing passable roads in all cases, 
and the map is not intended as a guide to tourists. 
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able during winter months only with great difficulty. There 
are many steep and dangerous grades along this route which 
should be reconstructed, as well as sharp turns. In addition 
there are many dangerous railroad grade crossings which 
should be eliminated through relocation of the road, or through 
construction of expensive overhead crossings before paving 
should begin. Furthermore, the present road was not located 
with a view to paving. In many places where the road angles 
around section corners, the saving in distance, through run
ning diagonally across, would justify the payment of $600.00 
to $800.00 per acre for right-of-way damages if necessary, con
sidering only the saving on paving cost, and neglecting entirely 
the value of such saving in distance to the traveling public for 
all time. 

While this highway is perhaps in a better condition for 
paving than any other similar route, yet it is believed that 
it would be much better policy for the State to confine its 
efforts for a number of years to improving the alignment and 
grade, and in closing up the missing links in the present gravel 
and macadam surfacing, than to over-improving sections 
whicb now have fair roads, leaving other sections practically 
impassable at certain seasons of the year. 

As this road is brought to a permanent grade by the State or 
the counties, and a gravel surfacing applied, the State should 
take over its maintenance. Even with a large annual outlay 
for maintenance, this class of construction would still be more_ 
economical than paving. By putting this road in a uniformly 
passable condition, traffic will grad'ually increase, with result
ing development, and increased taxable wealth, and ultimately 
require paving. 

Other routes such as the John Day Highway and the Coos 
Bay-Florence-Eugene route, have short sections where no road 
exists at the present time. The former if opened up would 
shorten the distance from Ontario to Portland for all eastern 
travel by more than 100 miles. The latter route if opened to 
traffic would save forty-five miles Between Coos Bay and Port
land in addition to affording a convenient outlet to the Wil
lamette Valley for the Coos Bay, Umpqua and' Siuslaw harbors 
where extensive improvements are now under way. 
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By providing passable roads on permanent grade and align
ment, no money will be wasted when the time comes for a 
high-class wearing · surface. The increased taxable wealth 
resulting from such increase in use will assist greatly in later 
providing the more expensive wearing surf ace. Pending such 
time, any county or local community desiring a higher type of 
surface could, at its own expense, secure the same. 

During the long dry summers in eastern Oregon, drrt roads 
can at small cost be maintained in excellent condition for 
light traffic. But under heavy auto truck traffic, they soon 
rut up, making passenger auto travel difficult; Through the 
selection of a proper system of State and county roads, with 
necessary power in the administrative officers to compel a 
division of traffic, forcing all heavy, slow-moving trucks on 
certain roads, and reserving others for light, fast-moving 
traffic, it may be possible to greatly improve conditions in 
such section without being compelled at this time to construct 
even a crushed rock or gravel wearing surf ace. 

As most of our main trunk lines are of interstate or national 
importance, we will probably find the Federal Government 
making much more liberal appropriations to assist the State by 
the time the traffic on these roads becomes so great as to make 
it economical to construct a hard surface pavement. 

ROUTES SHOULD BE FIXED BY LAW 

As a basis for any such continuing State policy of road 
building, the various routes upon which State funds are to be 
expended should be definitely fixed' in the law. 

It is just as important for the Legislature to say where 
State funds shall be expended as to say how much money shall 
be appropriated. 

Only by such procedure can we be sure that the various 
units constructed will ultimately connect, forming a through 
route. 

At the present time Stat.e fund's can be expended upon any 
route which may be adopted as a State road by the Highway 
Commission. With interested delegations urging a change 
or the adoption of some new routes, it will be very difficult 
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for any commission and especially for changing commissions 
of a political complexion to always keep in mind, that the State 
and much of the Federal funds should be expended upon trunk 
lines, without giving undue weight to small local influences. 
These, for small benefit, would force the State to add many 
miles to its through routes, and greatly increase the cost 
because the local benefit would far exceed its proportion of the 
increased cost. The pressure from such sources is very great, 
and should be removed by legislative action. 

The Legislature should accordingly describe and number 
the various routes which it may see fit to adopt as State routes. 

The description should' include only the important towns 
concerning which there is no dispute, and the detailed location 
between such points left for determination by the adminis
trative officials after thorough surveys and engineering data 
had been secured. 

This is the plan adopted by the State of Washington as well 
as New York and many other States. Such action is urged 
by the Federal Government as a basis for the wise expend'iture 
of Federal funds. 

COUNTY ROADS SHOULD BE FIXED 

In a like manner the principal county roads or feeders to 
the State trunk line system should be selected and shown upon 
a county map. Responsibility for the construction and main
tenance of this class of roads should be definitely fixed. 
Authority should not be indefinitely d'ivided between the 
county courts and supervisors. Neither the construction nor 
maintenance of the different classes of roads can be uniform 
or consistent unless the entire road from one end to the other 
is under a single jurisdiction. 

These county roads should be selected by the county courts 
subject to the approval of the State Highway Department. 
This approval is necessary in order that a proper system of 
intercounty roads may be devised. ' 

Authorities seem to agree that eighty to eighty-five per 
cent of the traffic in any large area such as a county, or the 
State, is carried on fifteen to twenty per cent of the roads. 
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The State system above suggested includes approximately 
ten per cent of the total road mileage of Oregon. The same 
basis has been used by Pennsylvania and New Jersey in 
selecting State highways. 

It is believed that not more than twenty per cent of the road 
mileage in any county should be selected as county highways. 
The balance of the roads; which are the neighborhood or dis
trict roads, comprising seventy per cent of the total, are of 
importance only to the local communities. 

DISTRIBUTION OF COST 

The cost of construction and upkeep should be borne as 
nearly as possible by those using the different classes of roads. 
This means that the great bulk of our roads must be main
tained at the -expense of the local people, and necessitates the 
maintenance of some form of district organization for at least 
tax-levying purposes. As district fund's will as a rule be so 
limited that it will be impossible to maintain continuously an 
experienced road organization, it is believed that better results 
can be had by leaving the expenditure of such funds very 
largely to the county road organization. The work in both 
county and district should be in harmony with certain tech
nical standards and method's of accounting prescribed by the 
State so that there may be a proper coordination of work on 
the various classes of roads. 

In comparing the mileage of State roads in the various 
counties with the contribution of each to the State Road Fund, 
it will be found that Multnomah County, having only 2.2 per 
cent of the total mileage of State roads as shown on the 
accompanying plan, contributes thirty-seven per cent of the 
total State road revenue. 

Portland is therefore vitally interested in the construction 
of the mijin arteries of travel. Its citizens should' therefore 
insist that trunk lines follow direct routes and not include 
unnecessary mileage to satisfy small local communities. 

Those communities which have the greatest mileage of 
State roads, are the least able to pay. It is therefore entirely 
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fitting that the great cities contribute heavily to the con
struction of state trunk lines through the territory upon which 
they are dependent in a large measure for support. 

RELATIVE IMPORTANCE OF ROUTES 

As it will be many years before all of the routes suggested 
for State Highways can be constructed to a proper align
ment and grade, it would be well for the Legislature to desig
nate the routes of primary importance, though not prohibiting 
expenditures on second'ary roads until such time as the 
primary routes are completed. 

As shown on the accompanying map, there are 2,242 miles 
of primary routes and' 2,026 miles of secondary routes, or a 
total of 4,268 miles. Of this total, 692 miles are in the 
National Forests or Parks, 213 of which are primary and 479 
miles are secondary routes. ' 

CONCLUSION 

In conclusion, it appears that Oregon must ultimately accept 
the principle of classifying her roads in accordance with their 
use, and fixing responsibility upon specific officers, for the 
administration of each class of roads. 

That State roads must be uniformly constructed and main
tained seems to be generally accepted. But the same principles 
should also govern the construction and maintenance of impor
tant county roads. There is no reason for leaving either the 
construction or maintenance of county roads to the districts 
through which they pass, than there would be for surrender
ing control of a branch railway line to the section foremen in 
charge of the various sections. County road's should be uni
formly maintained without absolute domination by any 
particular district through which such road may travel. 

It has been demonstrated that through such classification 
of roads, the cost can be distributed about as equitably upon 
those who use them, as by any other plan yet suggested. 

The Legislat~re should, however, permanently designate 
the State routes, and the State Highway Department should 
be given some voice in the selection of county highways, so 
as to secure proper connections at county lines. 
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The most important lesson to be learned by the people 
before we can make any substantial progress on so large a 
road program, is how to organize for effective construction 
and' maintenance work. Also how to profit by past experience 
and prevent the duplication and waste under the present sys
tem and how to standardize present practice and improve upon 
such standards as experience is gained. 

This requires an effective road organization where contin
uity of service of efficient employees can be reasonably insured 
It should provide for local control of road revenue, yet 
centralize control of technical work and accounting so as to 
coordinate results on the different classes of roads. One man 
working eight hours a d'ay can do very little unless the laws 
provide for such an effective road organization for him to 
direct. 

The lesson of thorough maintenance should be learned 
before expensive pavements are laid. This lesson can be 
learned' better on present roads than on more expensive roads. 

The old policy of division of responsibility with its innu
merable checks and balances should give way for a larger 
measure of centralized, executive control if we expect to carry 
out a consistent and continuing road program as outlined 
above. 
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~~, ··-:i.~ .. •: ·1t. DISTRIBUTION OF PROPOSED STATE ROADS AND CONTRIBUTION BY 
COUNTIES FOR THE YEAR 1916 ,, 

~ ;::~ 
Proposed State Roads ~~ ~ d b-c, "'- ~8~§ ~~ ti .. 

County Total ~~';l § .,3~ db;~ 
Miles Ss 158 "0 s c'3§il'S 

Primary Secondary Total 
$Es c'3 Es$ 

!a 8 2 ~ tai.S.S t 'S tlJ 
ll< ll< ll< ---

' 
Baker ------------------·-----4,025 101 ------ 101 2.5 2.38 2.21 
Benton 600 33 40 73 12.1 1.74 1.33 
Clackamas ------·-·-------1,227 40.5 56 96.5 7.9 2.28 3.68 
Clatsop 441 77.3 ----·- 77.3 17.5 1.83 2.55 
Columbia -----·------------ 516 57.5 ··2s 57.5 11.0 1.36 1.57 
Coos .. 835 62 90 10.7 2.12 2.21 
Crook* --·---------------·-·-3,820 108 283 391 10.2 9.25 1.07 
Curry 155 ------ 82 82 52.9 1.94 0.39 
Douglas --··----------------2,000 153 64 217 10.8 5.12 3.19 
Grant -···--·--·--------------843 70 22 92 10.1 2.18 0.73 
Gilliam ·---------------------310 22 39 61 19.7 1.44 0·.92 
Harney 2,004 ------ 162 162 8.1 3.84 0.84 
Hood River ------------ 199 29 35 64 32.1 1.52 1.04 
Jackson -------------------- 765 152.5 37.5 190 24.8 4.49 3.42 
Jefferson ·------·---·------2,500 53 - 31 84 3.3 1.98 0.48 
Josephine ----------------·- 418 34 73 107 25.6 2.54 1.03 
Klamath ··----------·-------2,018 182 114 296 14.7 6.99 1.57 
Lake ---------·----------···---1,000 144 100 244 24.4 5.76 0.91 
Lane ·-·-----·--·--------------1,567 118 163 281 17.8 6.64 4.31 
Lincoln ·--·----··------------383 ------ 101 101 26.6 2.38 0.75 
Linn 2,300 ------ 110 110 4.8 1.70 3.27 
Malheur ·-------·-----------2,025 105 85 190 9.9 4.49 1.23 
Marlon ----------------------1,258 25 74 99 7.1 2.34 4.40 
Morrow -----------------·-- 950 34 15 49 5.2 1.16 0.99 
Multnomah -------------- 564 87.6 6 93.6 16.6 2.22 36.77 
Polk 1,100 20 32 52 4.7 1.24 1.89 
Sherman ------·----------- 432 35 43.5 78.5 18.2 1.86 0.90 
T!llamook ---------------- 313 64 13 77 24.5 1.82 1.69 
Umat!lla ------------------ 4,545 108.5 15 123.5 2.7 2.92 4.30 
Union 906 50.5 35 85.5 9.4 2.02 2.01 
Wallowa ---·------·-----·-1,500 ------ 32 32 2.1 0.75 1.16 
Wasco ·--------------------1,100 160 26 186 16.8 4.39 1.67 
Washington -----·------1,077 13 28 41 3.8 0.97 2.85 
Wheeler ---·----------------932 52 56 108 11.5 2.55 0.41 
Yamhill --------------------1,300 51 25 76 5.8 I 1.79 I 2.22 

Totals -----------------· 45,928 2,242 2,026 4,268.4 ---------- 100.00 100.00 

• County before division. 
Of this total of 4,268 miles, 692 miles Is In National Forests or Parks, 213 of 

which are primary and 479 miles secondary roads. 



Roads Within and Adjacent to National 
Forests in Oregon 

By B. J. Finch, United States Senior Highway Engineer 

INTRODUCTION 

The development and settlement of any new country follows 
the line of least resistance. When the early settlers came to 
Oregon they located along the banks of the Willamette River 
and in what is known as French Prairie. Overland travel 
from the east to this fertile valley found a barrier in the 
Cascade Mountains. The easiest passage was down the 
Columbia River, but it was a dangerous route to travel. One 
of the early pioneers, Joel Palmer, spent months in making 
his way from Central Oregon to the south of Mt. Hood along 
what is now known in part as the Barlow Road, in ord'er that 
he might avoid the dangerous passage of the Columbia. 

The line of least resistance in Oregon has always been 
along north and south lines. Since the days of Joel Palmer 
the Cascade Mountains have stood as the same barrier, and 
even today the crossing of these mountains on any road is 
a feat accomplished only by those who are willing to take 
the risk. 

The development of roads across these mountains has been 
slow for many reasons, the main one of which is the diffi
culty and expense of such development. The taxable resources 
of this section of the State are small. Distances are so great 
that timber land becomes of no value, due to the fact that 
the cost of transporting the lumber would be greater than 
the value of the lumber itself. With no means of communi
cation the area surrounding the Cascade Mountains would be 
valueless, and in private ownership could not be developed 
for years to come, and then only by a destructive develop
ment, leaving the country even less valuable than before. 

This area, however, lies within the National Forests. 
Twenty per cent of the total area of the State is National 
forest land; and of this National forest land forty-five per 
cent, or approximately one-tenth the area of the State, lies 
within the National Forests along the Cascade Range. Realiz-
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ing the need of development of this section, the Forest Service 
has been seeking a way to meet this need. They began by 
concentrating their efforts on the McKenzie River road in 
the central part of the range, and doing what they could 
with the limited funds available from the receipts of the 
National Forests, a sum of from $20,000.00 to $30,000.00 
per annum. Not all this fund could, however, be expended on 
this one project so that the amount which it has been possible 
to expend there has only been about $10,000.00 a year. Prog
ress has been necessarily slow, and only a small part of the 
work has been completed. A partial solution of the problem 
now appears in the Act of Congress which appropriates one 
million dollars a year for ten years for National Forest roads, 
of which sum Oregon will receive about $127,800.00 per year. 

COOPERATION 

In order that this fund may accomplish the greatest pos
sible development it is desirable that the State and counties 
cooperate with at least an equal amount. This simply means 
putting all money available for road building on these roads 
in one fund, as a large fund can be handled more economically 
than the same amount in several small ones. This will allow 
the construction of real development roads across the Cas
cade Mountains, and because of this feature of development 
the Department of Agriculture is justified' in requiring coop
eration on account of the increased resources resulting from 
the construction of the roads, and consequently of the increased 
amount which will be available from taxation. 

EFFECT OF ROAD IMPROVEMENT ON LAND VALUES 

Investigation by the office of Public Roads and Rural Engi
neering in eight counties in various parts of the United States 
shows that by the construction of improved highways l1J;nd 
values in those counties increased on an average about seventy 
per cent. These counties were in more or less settled portions 
of the country and the results to be obtained by road con
struction in a new country, -such as we have in this area 
along the Cascade Mountains, could not fail to be even greater 
than this. In fact, I believe I am justified in predicting that 
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the land valu.es along the improved highways in this section 
of the State will be increased not less than 100 per cent by 
the improvement. Every National Forest county now expends 
money on roads in the National Forests, and by cooper
ating with the Department of Agriculture in the expend'iture 
of the funds available, the resources will be so increased 
that the same amount can be raised at a lower rate of taxa
tion, or larger amounts will be available if the tax rate is 
maintained the same as at present. 

USE TO FOREST SERVICE 

The Forest Service is interested in these roads because 
they will make the work of administering the work of the 
Nationa} Forests easier and more economical. They will also 
increase the receipts from such sources as special use per
mits for summer home sites, and bring more people to know 
what a playground we have in the National Forests. 

This view of the use of roads from a recreation standpoint 
must n.ot be lost sight of. The road's of Southern California 
are a legitimate investment, for they return their value many 
times over in the use they get, and also in the revenue which 
they bring to the State from the tourist travel. It is esti
mated that this tourist travel in California brings at least 
one hundred million dollars annually to the southern part 
of the State from this source. In the State of Colorado it 
is estimated that the tourists leave at least forty million dollars 
annually in the State. If the State of Oregon should expend 
ten million dollars in the construction of roads and thereby 
attract to the State one million dollars per year of tourist 
money, it would be thought a very good' investment, and yet 
that is not one per cent of the amount spent by American 
tourists in Europe before the war. These tourists would be 
interested most in the magnificent mountain scenery. They 
must be able to see these mountains, however, without too 
much hardship, and this means good • roads through the 
mountains, and consequently through the National Forests. 

In addition to these roads across the Cascades, there are 
many other sections of the State in which there is urgent 
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need for the construction of National Forest roads. In Wal
Iowa County there are several roads by the improvement of 
which the d'evelopment of the country would be materially 
hastened. One of the main roads for a proposed highway 
system is the road from the John Day Valley to Ontario and 
Vale in Eastern Oregon, thus making a connection from the 
Idaho road system to the central part of Oregon to be later 
continued' to the western part toward the Deschutes and Wil
lamette Valleys. In the southern part of the State we have 
the National Monument, known as the Oregon Caves, one of 
the natural wonders of the Pacific Northwest. There is no 
ready means of transportation to this National Monument, and 
the improvement of a road would increase the number who 
are able to visit this section by many hundred per cent. The 
country along the Pacific Coast of Oregon is one of the most 
fertile fields for development of any section of the State, 
and a road along this coast with numerous laterals to connect 
with the Pacific Highway would be of immense importance, 
both from an economic and a military standpoint. This road 
would pass through the Siuslaw National Forest at many 
points, and the Forest Service would be interested in its devel
opment from all the standpoints of administration, pro
tection, development of the resources and the development of 
the State at large. Another road in which the Forest Service 
is interested is what is known as the Tiller Trail cut-off to 
Crater Lake National Park, whereby the distance from Port
land and all points in the State as far south as Roseburg to 
Crater Lake would be shortened about fifty-five miles. 

At present the main highway connecting Oregon and Cali
fornia is south from Ashland over the Pacific Highway over 
the Siskiyou Mountains. This road is closed to traffic during 
a great part of the winter on account of the heavy snow. 
From Grants Pass southwest toward Crescent City in Cali
fornia lies a country through which a road may be located 
in such a way as to avoid practically all the d'ifficulty from 
snow, and thus make an all-the-year-round highway between 
Oregon and California. 
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MILEAGE OF ROADS 

In making up a comprehensive system of roads for the 
National Forests, it has been found that there are about 800 
miles of road which could properly be classed as main trunk 
highway. In the development of the National Forests there 
would also be constructed about 1,200 miles of lateral roads, 
making a total of approximately 2,000 miles of roads which 
may be classed as National Forest roads. If an expenditure 
of $5,000.00 per mile were to be made on this system, it 
would represent an outlay of ten million dollars, and it would 
seem that such an expenditure would. be entirely justified, 
inasmuch as every one ~f these roads would open new terri
tory to the homeseeker, new country to the tourist, and 
increase the value o:f the resources of the country through 
which they pass far more than the amount expended in the 
construction of these roads. 



Marketing Center-Systematic Highway Plan
ning-Civil Service in Administration 

Summary of Address of R. H. Thomson, formerly City Engineer . 
Seattle, Washington 

Mr. Thomson prefaced his remarks by saying that if each 
of the papers already read this morning were to be adequately 
discussed it would' take several hours, for the convention had 
been favored with a regular cloudburst of material. He stated 
that his purpose in speaking was to cover in a general way 
what had already been said'. 

Continuing he added: "It has been said that I care no 
more for the expenditure of a million dollars than I do for 
a dime. But I am always careful in the expenditure of a 
dime to see that it is going to produce a revenue. Suppose 
we take this attitude toward the problem before us. 

"About $4.00 per acre for every acre in the State could 
be invested in good roads according to the estimate presented 
here. In the matter of road building we should 'hasten 
slowly.' The first thing to do is to secure an organization 
of men to lay out and carry on the planning of these roads 
consecutively from certain centers." 

Mr. Thomson did not concur with the judgment of the 
former speakers that good' roads would increase the value of 
the land through which they run. Land, he says, increases 
in value insomuch as it is connected with the railroad's and 
markets. Ten years ago in New England there was an active 
and important committee c~lied, "Abandoned Farm Commis
sion.'' In looking over these farms, many of which were not 
a great distance from the city the question was asked, "Why 
are they abahdoned ?" The reply was that they had been 
abandoned because the soii there was worn out. In revisit
ing New England three years ago it was found that the 
Abandoned Farm Commission was being closed up. The 
farms, it was said, were being made to produce again by 
being fertilized. Mr. Thomson said that • when the farms 
were prosperous in the early times it was before quick trans
portation had come into vogue. Home and village life were 
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seen instead of great cities, and when the big cities came 
into existence through the development of railroad transpor
tation into the rich prairie country of the West it was no longer 
possible for the men to exist on these farms. The cry of 
"back to the farm" was raised' when one could not drive the 
men back. Later, Mr. Thomson, in making a visit to Oregon, 
took a trip through Biggs, Shaniko and the country to the east 
and was impressed by the same fact of dependence of rural 
development upon proximity to city market. One farm on 
Hay Creek containing 26,000 to 28,000 acres was mentioned 
in particular. In this district were many abandoned farms, 
but not because the soil had been worn out, for it had scarcely 
been used. Old orchards were found' standing neglected. 
When these men were asked what kind of farming they 
carried on they said: "We are farming on horseback. It does 
us no good to raise orchards, for we cannot get our produce 
to market, so we farm on horseback, by which means we 
can drive our produce to market." Thus, without cities in 
which to sell goods, fine roads are of no avail, for the farmer 
cannot make a living. 

Passing to another factor essential to the combination to 
build roads and a community's prosperity, Mr. Thomson 
stated that he had been called the meanest man in Seattle. 
After he was elected City Engineer, which position he held 
for ten years, he instituted a new system into the Seattle 
offices. All men should pass the civil service examination, 
then, no matter what their religion or politics, they should 
hold their office continuously as long as good behavior lasted. 
Mr. Thomson claims that the reason his plans have finally 
been worked out is because he was able to keep at them for 
a period of years. 

When the present system of Seattle's beautiful boulevards 
was proposed the people se.emed' to think the work would all 
be done in a year or so and an immense expense laid upon 
the city. The plans were laid aside. A short time later, 
bicycling came to . be a popular pastime. A tax was laid 
upon each man running a bicycle and this tax was used to 
build bicycle paths along the routes proposed in the boulevard 
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system. As time went on these bicycle paths were widened 
for carriages and finally for automobiles until now the great 
boulevard system as first outlined is nearly completed. 

The same plan of procedure had to be carried out in 
regard to the water system of Seattle, which took nineteen 
years to finally get into running operation after the plans 
were first drawn up. From this we see the benefits which 
come to the city through the continuous work of one man in 
office. 

Concerning tourist travel benefits, Mr. Thomson stated 
that there was nothing more profitable in clean coin if the 
roads were of the proper sort. A man, however, will not 
travel for two or three days of hard' riding to see one thing. 
We should find some particular thing in the State worth 
traveling to see, and then build' something else near it. In 
building roads we must first have our eye on the cities and 
centers of business, except for the several good and necessary 
arterial thoroughfares. 



The Mechanism of Iowa's New Road Law 
By Professor C. B. McCullough, Oregon Agricultural College 

Throughout the history of road development in Iowa runs 
the story of a conflict. A conflict between far-sighted and 
public-spirited policies and those actuated by motives of petty 
jealousy, ignorance and conceit, policies moreover which from 
time to time were fanned' into flaming activity by selfish 
private interests whose program of exploitation of county 
funds would have been seriously embarrassed by corrective 
legislation. 

Naturally enough in the road laws of the State, such a con
flict was clearly reflected, and the tangled complex accumu
lation of legislative enactments up until the year 1913 pre
sented a striking resemblance to the directions for some of 
the newer dances, "one step forward," "two steps back
ward'," with more than the customary amount of "hesitation," 
and "side stepping.'' 

The year 1913, however, witnessed the enactment of a 
road law which, judged in the light of four years' operation, 
has gone a long way toward' remedying the evils of the old 
system, or, more correctly, lack of system. This measure 
known as the Brockway-Balkema road measure will doubtless 
go down in history as one of the most complete and compre
hensive pieces of road legislation ever enacted by any one 
assembly. Time will not permit any lengthy discussion of the 
law in all its many phases, there are, however, several points 
which in view of the problem now facing the State of Oregon 
deserve. special mention. 

First, the new law simplified the procedure necessary for 
the expending of road taxes and made it possible to consoli
date numerous small levies into one general fund. Under the 
old system there were nine d'ifferent methods of raising reve
nue for the building of county roads, several of these being 
hedged about with certain legal restrictions and limitations; 
there were also five different sources of revenue for the build
ing of township or local roads. The new measure, recognizing 
the difficulty in operating under such a complex system of 
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taxation, consolidated all these numerous small funds into the 
county road fund and the township road' funds. Aside from 
the ease of operation, this consolidation in removing the 
legal restrictions upon the expenditure of certain small funds 
made it possible to concentrate on one system of improvement 
and work intelligently to a definite end, whereas in the past 
the same amount of money, split up into small amounts, each 
insufficient for any definite improvement, was in many 
instances dissipated and wasted. 

Second, the new measure provided for a classification of 
the road mileage of the state into two divisions, the county 
system and the township or local system. The local system, 
representing the travel from farm to main thoroughfare, was 
placed under the jurisdiction of the local or township boards 
and improved from funds raised by local taxation. The county 
system-the main arterial sy'stem of travel-was placed under 
the control of the county boards and' improved with funds 
collected at large. 

Under the old system when both local and county funds 
could be spent anywhere within their respective jurisdictions, 
the bulk of both focal and county money was expended on the 
main roads, the local or by-roads receiving scant attention. 
The new system first concentrated the entire road' resources 
of the county upon from ten to fifteen per cent of the county 
mileage. With the same funds, therefore, much more inten
sive road improvement was possible than ever before. On 
the other hand, the local funds were devoted to the improve
ment of local roads, and local roads only, making possible for 
the first time in the history of the State a systematic program 
of improvement for these roads. One of the strongest argu
ments for the efficiency of the present law is the surprising 
manner in which these local roads have been gotten into 
passable shape. 

The method of designation of the county road system is 
worthy of special mention at this time. The designation was 
made by the board of supervisors of the county, and 
marked upon a map furnished by the State Highway Com
mission, which was thereafter placed upon file and open to 
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public inspection. A date was fixed for the hearing of peti
tions and remonstrances according to usual procedure, and 
every taxpayer in the county given the opportunity to be 
heard. The county boards were given rather complete juris
diction in t.his matter, but to promote continuity in the entire 
road system of the State the Highway Commission was con
stituted a board of final review whose decision should be final 
and binding. 

Third, recognizing the need of centralized control, the new 
measure .created a State Highway Commission of three mem
bers, two appointive and one ex officio, and gave such commis
sion general supervision of the entire road and bridge work 
of the state. Several duties were specifically imposed upon 
the commission by statute, among them that of devising and 
adopting plans for road and bridge construction suited to the 
needs of the various counties of the State. This called for 
the organization of a large force of engineers and for the prep
aration and distribution of standard d'rawings for bridge and 
culvert structures, standard profiles, road sections and the 
like; in fact under this clause of the law, there was under
taken and carried out during the two years following its 
passage, one of the most thorough and comprehensive systems 
of standardization ever yet applied to road and bridge con
struction. In pure financial returns, aside from the yield 
in uniformity and quality of construction, this one activity 
of the commission has saved the State many times the entire 
cost of administration. The duty of disseminating specific 
information of value to the road builders of the state was 
also imposed upon the commission by statute, and found its 
fulfillment in the organization of the department of research 
and tests and in the publication of a monthly service bulletin, 
through which the road officials throughout the State were 
kept informed as to relative quality and prevailing prices for 
materials for road' and bridge construction. 

Fourth, the new law created the office of county engineer 
and mad'e his appointment by the board of county supervisors 
obligatory. Commercial organizations everywhere have not 
been slow to realize that expert, technically trained, and 
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experienced supervision over their various departmental activ
ities is the surest method of promoting efficiency and reduc
ing overhead expenses. One has but to travel the Iowa roads 
and note the systematic road work from carefully prepared 
engineering plans and profiles, the permanent bridge con
struction going up under trained inspection, or to visit the 
county offices and note the carefully prepared records of 
cost wherein every dollar of tax money is accounted for, to 
realize that what is true of commercial enterprise has for 
Iowa proven equally true for the expenditure of public funds. 

Fifth, the new measure provided for the adoption of a 
standard specification for bridge and road work, and for the 
letting of contracts at public and advertised lettings to the 
lowest responsible bidder. In times past there had been a 
class of petty contractors, financially and morally irrespon
sible, who, like Satan in the biblical narrative, "walked up and 
down the State and to and fro in it seeking whom they might 
devour." By misrepresentation of facts, and the adoption 
of the most unscrupulous of methods, organizations of this 
type in many instances were successful in "putting over" that 
most pernicious of all road evils, the yearly or "blanket" 
contract. Under such an agreement inferior materials, inade
quately designed structures, and careless and faulty work
manship were dumped upon the county at abnormal prices, 
prices in many instances 300 or 400 per cent in excess of 
parallel competitive prices. The speaker is in possession of 
data which show prices up to $60.00 per cubic yard for 
concrete culvert construction, paid' during the same year that 
competitive prices ranged from $7.00 to $13.00 per cubic 
yard. In another instance a concrete bridge was constructed 
under a yearly or blanket contract at a cost of $2,080.00. After 
standing for two years, during which time $400.00 were spent 
for repairs, this so-called' permanent structure was in such 
an unsafe condition that it became necessary to replace it with 
properly designed construction. The new law seriously 
embarrassed the promotion of such enterprises as these and 
if no other good had' resulted this clause alone would have 
amply justified an expenditure many times the entire cost 
of administration under it. 
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The new system provided for the accurate accounting of 
every dollar spent for the construction of county roads or 
bridges. Every bill presented for payment was required to 
carry the certification of .the county engineer as to the cor
rectness of the same, and the adequacy of the work, and for 
any bill incorrectly or falsely certified' the engineer was liable 
on his personal bond to the entire amount of the bill. For bills 
paid without the engineer's signature the auditor was liable 
on his bond. The payrolls, where force account work was 
done, were under the same restriction. The commissioners, 
their highway engineer, all department or bureau heads and on 
down to the township officer were all bonded men, each being 
personally liable for the proper administration of his depart
ment. Responsibility was thus definitely fixed for each 
activity and every dollar expended was made the subject 
matter of a permanent public record. 

There are many other features of the new measure which 
could profitably be discussed in this conference, but which 
would occupy more time than is at our disposal. Suffice it 
to say that while the Iowa law is by no means a panacea for 
"all the ills that road ad'ministration is heir to" it has during 
its four years' operation, surpassed even the most sanguine 
expectation. In closing, the speaker wishes to pay a tribute 
to the man whose untiring perseverance and clarity of vision 
has made this all possible for Iowa, the man who was to have 
appeared on your program today, Thomas H. MacDonald, 
State Engineer of Iowa. 



Accounting for all Road Expenditures and 
Need of Authority to Enforce 

By J. C. Ainsworth, President United States National Bank, Portland 

In any large business organization detailed accounts must 
be kept. This is particularly true of road work. The official 
who advocates economy through keeping accounts in his head 
should not be tolerated. Road' accounts are especially com
plicated for the reason that in addition to the usual voucher 
register, showing the amount of each item, we must distribute 
each item to the various features of the work, so as to permit 
a detailed analysis of unit costs. 

As a basis for planning new work we must know with 
certainty how much similar work has cost in the past. With 
the cost stated in units, such as per cubic yards of material 
moved, or per ton of steel in place in a bridge, it will be con
venient to apply such figures in making new estimates. 

The public will soon come to know what are reasonable 
unit costs on various classes of work, and by comparing 
results accomplished in one county with those of another, or 
by the State, confidence can be had in the department. Or 
in case of excessive costs, which cannot be explained, a rem
edy would' soon be devised. Such a cost-keeping system is 
absolutely indispensable in the administration of public funds. 

The head of the State highway system should be in a 
position to ascertain the unit cost of a piece of work at any 
time, and s~ould have weekly and monthly reports reµdered 
as the work progresses, and if the cost appears excessive, he 
should know this before the work is finished. Any difficulty 
or mistakes could' then be remedied before it is too late. 

In case of contract work, it is necessary to keep accurate 
figures as to what the work is costing the contractor. lf he 
is losing money, due to unforeseen circumstances, the engineer 
should be empowered, on proper evidence, to adjust the com
pensation at least to actual cost to the contractor, for many 
a good man has been ruined in this State by technical enforce
ment of a contract that circumstances have proved an absolute 
injustice. On the other hand, by knowledge of cost of work 
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to the contractor, an unscrupulous man, when filing a suit 
for extras, would not have a leg to stand on in court. The 
contract end of it, with the proper pay for work performed, 
is a matter that should have very careful stud'y, for no man, 
county or State should receive something for nothing, and 
many an honest contractor has in the past, due to lack of 
knowledge of work performed, received nothing for his 
services. 

METHOD MUST BE SIMPLE 

To be of value the system of cost keeping must be simple. 
The average field worker has little sympathy for red tape. 
He must be provided, therefore, with very few forms, but 
sufficient power should be lodged in the central office to 
compel an accurate and detailed report of all field work, in 
accordance with the approved system. 

A cost-keeping or accounting system will not run itself, 
and trained assistants should be provided in each county, not 
necessarily high-salaried, if they are required to work under 
the accounting rules prescribed by the State. 

The system should be devilled by the State and' installed 
in each county under State supervision, with a periodical audit 
by such central office. The important point is to have some 
one person in each county responsible for all accounts, 
otherwise the simplest system may fail. 

METHOD MUST BE UNIFORM 

The same system should be adopted in all counties, so that 
if a heavy tax is voted and expended in one county, and proper 
results obtained, an adjoining county will be encouraged to 
vote even a larger amount, knowing from unit cost what it 
will accomplish in its county, and if special efficiency is shown 
those of other counties should be able to profit by such exper
ience, and above all, if heavy investments are made in any 
county by nonresidents, these people are entitled to . a state~ 
ment as to what is being accomplished' with money raised for 
road purposes. Unless capital is fairly treated by the vari
ous counties, the entire State will suffer, and has suffered in 
the past. 



ACCOUNTING ROAD EXPENDITURES 401 

The value of the system will be largely defeated' unless 
all State and county road records are on the same comparable 
basis, with authority in the State to summarize all State and 
county expenditures at the close of each year. The county 
road accountant will thus look to the State road accountant 
for instructions as to the general plan or system. 

ENGINEERING PLANS MUST BE PRESERVED 

In a like manner engineering plans and standards should 
be provided' by the State, suitable to the various sections, and 
a provision made for the enforcement of their use. Cost 
of figures will be of little value unless provision is made 
for accumulating and preserving engineering plans and 
specifications. 

In pavements we have accurate information as to quality, 
thickness, etc., to make the cost figures of value to the public. 
If disintegration sets in prematurely this information would 
be invaluable to determine where the responsibility rests, and 
to avoid similar mistakes in the future. Here again there 
is a vast opportunity for State aid' to counties. If the State pre
scribes general standards, we will know where to look for 
such information, and if the counties are still to prepare 
their own plans, copies should be submitted to the State for 
approval, and one copy preserved for future reference. This 
is particularly true of bridge plans, where the safety of the 
public is vitally concerned. 

SYSTEM AND ORGANIZATION NECESSARY 

To secure such records requires organization and system. 
There must be some central agency, whose particular duty it 
is to see that any system that is adopted is consistently and 
persistently enforced. This implies some veto power over 
county expenditures in case of failure to conform to the pre
scribed system, or even the power to dismiss, which, I under
stand, is the case in some States. Without the necessary 
power to enforce uniformity in road practice, it is useless to 
attempt a reorganization of State and county road work, 
with a view of correlating the work of the various agencies 
to the end that duplication and waste may be eliminated. 
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It would be difficult or impossible for the counties to 
gather and tabulate this technical work, hence it should be 
done by the State. With road funds expended by eight hun
dred or more supervisors, (thirty-five county courts in addi
tion to State work) all more or less independent of each other, 
there is very little chance to standardize the work, or to· get 
uniform accounting, from which we might ascertain whether 
or not present road funds are being honestly and efficiently 
expended. 

ACCOUNTING SYSTEM 
Any accounting system, which it is intended to be uni

formly enforced throughout the State, should be carefully 
worked out, as it is a very difficult matter to change a 
system, once it is installed. I have examined the Manual of 
Cost Keeping and Accounting, recently gotten out by our State 
Highway Department, and believe it is most ably and care
fully drawn, with proper safeguards provided, and this should 
furnish an excellent starting point from which to frame our 
road laws, !for it has been tried out in different classes of 
work and found satisfactory. It is simply a numerical system, 
with as much detail as might be required for proper analysis 
of unit costs, and is based on a simple timebook form, where 
the distribution of the various accounts is made by the time
keeper in the field, who is personally acquainted with the 
work each man is doing, and' certified to as to its accuracy 
under oath at the close of each month. This timebook is 
preserved in the central office as an original record. 

NEED FOR SYSTEM 

There is great need that our road work be organized and 
placed upon a strict business basis with ample power in the 
administrative offices to make good. The people cannot have 
confidence in any road organization until comprehensive 
reports are made as to how and where public funds are being 
expended. 

Road work cannot be left exclusively to local control, and' 
the time appears ripe for a large measure of State super
v1s10n. This supervision will fail unless the road work is 
removed from the domain of politics, and provision made 
for a greater continuity of service. 
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Students should be encouraged to enter State road work 
as their life occupation, and it should be made an honor and 
a credit to belong to such an organization, and' assurance 
• given that promotions will be made for honesty and 
efficiency. 

Without a proper cost-keeping and accounting system, to 
be applied uniformly on all State and county road work, it is 
impossible and useless to suggest improvements in our present 
system. 



Maintenance and Repair of Improved High
ways-Organization, System and Method 

By Fred W. Sarr, Deputy State Highway Commissioner of New York 

In accepting the proposal to prepare and read to you a 
paper on the aforesaid subject, I did so on the assumption 
that it was the desire of the promoters or d'irectors of this 
conference to have presented a paper on the general subject 
of maintenance of improved highways as an exemplification 
of the practice of the New York State Highway Department. 

I accordingly believed that preliminary to the general sub
ject, it would be in order to briefly outline what New York 
State has done and is now doing in highway improvement 
and maintenance. 

Chapter 115, Laws of 1898, authorized the improvement 
of highways at the joint expense of the state, county and 
town, the state to pay fifty per cent, the county thirty-five per 
cent and the town fifteen per cent of the total cost of the 
work including engineering. 

The initiative of a project lay with the town which would' 
petition the county, and the county should it concur, would 
through the board of supervisors petition the State to improve 
a section of highway of varying length. 

Complete and full authority for hand1ing the work for 
the State was given to the State Engineer and Surveyor, a 
constitutional officer of the State. 

As the petitions were received the State Engineer pro
ceeded to make surveys, prepare plans and estimates of cost 
of the individual section of highways, and submit the same 
back to the board' of supervisors, who would again act on the 
proposition and if the same was approved, would appropriate 
and make available fifty per cent of the estimated cost of the 
work; the county collecting the fifteen per cent from the 
town at any time within its discretion. 

As fast as the plans for the various projects were approved 
and the money voted for the county and town's share of the 
expense, the project was placed on a waiting list and given the 

cdiv 



MAINTENANCE OF IMPROVED HIGHWAYS 405 

next consecutive number, and the work finally progressed 
when the legislature appropriated funds for the State's share 
of the expense. 

The projects accumulated faster than the appropriations 
were made by the legislature until the list was about three 
or four years ahead of the appropriation. 

It was then proposed to bond the State for highway 
improvement, in order to obtain the improvement of the 
highways quicker than seemed to be possible by direct 
appropriation. 

Accordingly the people voted at the general election in 
1905 to bond the state for $50,000,000.00 for highway improve
ment and provid'ed that the same should be equitably dis
tributed among the counties. 

Up to this time there was very little effort being made 
toward an ultimate connected and completed system, simply 
a case of individual effort on the part of a town supervisor. 

As a step in the direction of some restriction of the location 
of future improvements, the legislature of 1906 provided for 
the preparation of a map of each county upon which all the 
highways of the county should be outlined, and the main mar
ket roads ind'icated, to which future improvement work should 
be restricted. 

These maps were approved by the legislature of 1907, and 
have provided the layout or system of roads fqr future 
improvement in each county, insofar as county highways are 
concerned. 

After the authorization of the bond issue highway improve
ment work increased rapidly. 

In 1907 the legislature appointed a committee to investi
gate the workings of all classes of highway improvement and 
maintenance acts, and report back to the next session, recom
mending new legislation. 

The legislature of 1908 repealed' all former highway legis
lation covering a period of over 100 years, and enacted a new 
complete law covering all highway matters, this act being 
designated the Highway Law, which provided for the organ
ization of a state highway department under the direction 
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of a comm1ss10n of three members, one of which should be 
of the same political faith as the party casting the next highest 
number of votes at the last general election (a nonpartisan 
commission) . 

This law also designated and described certain through 
routes as State highways which would be improved at the 
entire expense of the State, and· which, with other highways 
which had been indicated on the approved county map, would 
be improved at the joint expense of the State, county and 
town. 

This law also provided that the improved State and county 
highways would be maintained by the State department at 
the expense of the State, except that each town should pay a 
maintenance tax of $50.00 per mile per year. Previous to 
1909 the improved highways were neglected by the town 
authorities who were then charged with their maintenance. 
Also providing many important changes in the laws governing 
town highway management and proper supervision by the 
State Department. 

In January, 1909, the Governor appointed the new State 
Highway Commission, which took over the highway improve
ment work from the State Engineer, organized' a maintenance 
bureau under a deputy to the Commissioner, also organized a 
bureau for supervision of the town work under a second 
deputy. 

In 1911 the legislature abolished the nonpartisan commis
sion of three, and provided for a partisan commission of one 
active commissioner with two other State officers acting in 
an advisory or consulting capacity. 

In 1913 the law was again amended to provid'e for one 
commissioner with full power to act as a commission with 
three deputies, one for each of the three bureaus-construc
tion or improvement, maintenance of improved highways, and 
supervision of town highway work. This law with slight 
amendments is now in force. 

Notwithstanding the provisions of the referendum, that 
the $50,000,000.00 bond issue should be equitably apportioned 
among the counties, the legislatures of 1911 and 1912 expe-
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dited the improvement of certain described through-State 
routes in their entirety, by appropriating large slices of the 
bond issue for the purpose, and the balance of bond issue was 
soon obligated, and in 1912 a second bond issue of $50,000,-
000.00 was submitted to the people and voted, the referendum 
setting forth the amount that each county should receive, based 
on a supposedly equitable apportionment, and about three
fifths of this last bond issue has been obligated by contracts. 

The State Highway Department as now constituted is made 
up of fifteen statutory officers and about 1,500 clerical and 
engineering employees. 

The statutory officers are Commissioner, three Dep
uty Commissioners, Secretary, Auditor and nine Division 
Engineers. 

For the past three years the Department has been expend
ing per year about eight millions for construction from the 
bond issue, four millions for maintenance of improved State 
and county highways and two millions in State aid to 
the towns, the latter two funds being provided by direct 
appropriation. 

When the State took over the maintenance of the improved 
highways in 1909, there were about 1,900 miles of improved 
macadam and gravel highways, a large percentage of which 
showed serious deterioration by want of proper _maintenance 
by the town authorities, which necessitated res~rfacing with 
a new layer of macad'am or the reconstruction of a different 
and inore stable and permanent type of pavement, all of which 
has been a charge against maintenance, and of necessity has 
swelled the charge out of all proportion with the amount 
which would ordinarily be required to maintain the highways, 
providing they are efficiently maintained from the date of 
improvement. 

During the past season there has been approximately 6,000 
miles of improved highways maintained at a cost of about 
$4,200,000.00, of which about thirty-five per cent has been 
expended on resurfacing or reconstructing about four per 
cent of the entire mileage, and sixty-five per cent on general 
maintenance of ninety-six per cent of the mileage. 
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To illustrate the magnitude of this work I might state 
that it included the use of 600,000 tons of crushed stone, which 
may be otherwise expressed as 300 train loads of fifty cars 
each; 10,200,000 gallons of bituminous materials, asphalt and 
tar, or thirty-four trains of fifty cars each; the employ
ment of approximately 400 engineers, inspectors and office 
employees; 1,000 working patrolmen with horse and cart; 
6,000 foremen, laborers and mechanics and 2,000 teams. 

Approximately 150 of the engineering and clerical employes 
are employed for the full season and of the balance, about 
1,500 are employed for the working season of about 225 d'ays, 
and the remainder are but temporarily employed for the 
period required to complete the individual section of the work 
to which they are assigned. 

To review and supervise this work, the speaker has traveled 
about 25,000 miles by automobile per year for the past 
two years. 

In the State of New York, the present system comprises 
some 6,000 miles of improved highways outside of cities, the 
types of construction being gravel, broken stone macadam 
with various binders, Topeka mixed' tops, concrete, brick and 
stone and asphalt block; the period of construction being 
from 1898 to the present time. The present average age of 
the entire system is about four and one-half years; fourteen 
per cent of the system, however, has an average age of about 
twelve years. These roads varied in original cost from $7 ,-
000.00 'to $25,000.00 per mile, with occasional isolated' cases 
running as high as $75,000.00 per mile. 

While in the State of New York there are some 80,000 miles 
of public highways, only about 8,000 miles can be improved 
under the State-county system. The remaining 70,000 miles 
will remain as town highways, usually. earth roads, occasion
ally thinly surfaced with gravel or crushed stone. This paper 
will treat only of the maintenance of the State-county system. 

NECESSITY 

The construction of this system represents a capital invest
ment of about $100,000,000.00 to date, and it is contended that 
it is sound economy to protect this investment by the main-
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tenance work necessary to prevent the rapid deterioration 
due to the destructive agencies of traffic and the elements. 
There were registered in the State of New York during 1916 
some 305,000 motor vehicles, varying from the lightest cars 
to auto busses with a capacity of twenty-eight passengers; 
and powerful trucks, some of them carrying in excess of two 
tons load per wheel. Cars of other than New York State 
registry are an appreciable element of the total traffic. Also 
in some localities the use of the roads for testing motor vehi
cles by the manufacturers is developing locally to the point 
where it is noticeably injurious to the road' surfaces. 

To date practically no systematic attempt has been made 
at traffic regulation excepting general legislation limiting 
speeds. For trucks and busses a reasonable limiting load per 
wheel, based. upon the width of tire and diameter of wheel 
soon should be established; investigations preliminary to this 
are now progressing. 

Heaving by frost action, erosion by running waters, damage 
by cloudbursts, landslides, and' the cutting through of the 
paved crust under heavy l~ads when the foundation of the 
soil is in a softened condition, are among the causes of our 
troubles. The removal of snow has to date not been attempted, 
but at the present time agitation is organizing looking to the 
removal of snow along the main routes connecting the larger 
cities so that the motorists can enjoy a twelve-month year 
instead of an eight- or nine-month season as at present. 

Since 1909, when organized maintenance work began, 
approximately $20,000,000.00 has been expended on necessary 
upkeep and' renewals of the system. 

Of the finished road the grading is the most nearly perma
nent feature, followed in order by the structures, as culverts, 
the foundation courses, and finally the top courses or wearing 
surfaces. Tops will become thin, uneven and broken under 
the abrasion of traffic, but the integrity of the foundation 
can be preserved. Averages based upon a considerable mileage 
and variety of types indicate that of the entire first cost, 
grading represents about twenty per cent, the structures about 
five per cent, the foundation course about thirty per cent. 



410 FRED W.SARR 

This would lead to the conclusion that about forty-five per 
cent of the original cost must be expended from time to time 
in the form of renewal; and the function of maintenance is, 
by extend fog the efficient life of the wearing surf ace, to reduce 
the renewal charges to the lowest practicable minimum. 

A story is told of an old-time contractor as follows: "Mr. 
Engineer, tell me, what kind of a road is the only permanent 
kind?" The engineer after some thought replied: "Well, 
Tom, what kind is?" "Well, Mr. Engineer, a d'irt road is the 
only kind that never changes: it is always a dirt road." 

A well-known municipal engineer had said regarding the 
requisites of an ideal pavement: 

1. "It should be low in cost." 
2. "It should be durable; the cost of maintaining its surface 

in good condition should be small." 
3. "It should have a hard', smooth surface, so as to have 

a low tractive resistance." 
4. "It should afford a good foothold to enable horses to 

draw heavy loads without slipping and suffering injury." 
5. "It should be easily cleaned." 
6. "It should be impervious, so as to keep in good sanitary 

condition." 
7. "It should be comparatively noiseless." 
8. "It should yield' neither mud nor dust." 
9. "It should be comfortable for those who ride over it." 
Such a pavement has not been, and never will be, discovered. 
Most of these) features are equally desirable in a county 

highway. 

DEFINITION 

Maintenance may be illustrated by the proverbial "stitch 
in time saves nine." Proper maintenance comprises preserv
ing the paved roadway surface in as nearly perfect a condi
tion as possible, due regard being had ,for the relative impor
tance of each particular road and the character of the traffic 
it bears, keeping the earth shoulders smooth and safe for 
traffic; the drainage system free from obstructions; all struc
tures in good repair; removing obstacles to vision, as brush 
or overhanging branches. If the necessary maintenance work 
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is consistently performed during successive years, it is certain 
that the efficient life of the paved roadways will be lengthened. 

Maintenance should commence when construction leaves 
off, as in order to effectively and economically maintain 
improved roads, it is necessary that the roadway be in a good 
state of repair at the time the maintenance work begins, and 
should the pavement be so worn as to be structurally weak, 
it is not economy to postpone resurfacing. 

ORGANIZATION 

The organization required to operate any business or 
department depends entirely on the magnitude of the 
proposition. 

This is illustrated with the growth of a small store where 
the owner is also clerk. Business increases and the owner 
becomes manager and has several clerks. Another increase, 
and the former clerks become managers of departments, with 
several clerks working .under each department manager. Fur
ther increase, and expansion into several separated and dis
tinct department stores; and the first clerks, who have been 
promoted to department managers, are again promoted to 
manager • of a separate store; and the former owner and 
operator of a small store, is now general manager of a chain 
of stores. 

It is apparent that the organization required for the chain 
of stores would not be adapted' to the small store, nor even 
to the large store, where one manager controls the work of 
all the clerks. • 

It should also be apparent that a maintenance organization 
suited to the requirements of New York would not be suited 
to Oregon. 

The present highway maintenance organization in New 
York has grown and developed in a manner similar to that 
described in the growth of the small store to the chain of 
department stores. 

The present maintenance organization is interwoven with 
that of the construction and improvement organization in 
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some instances, and in describing the maintenance organiza
tion it will be necessary to name several officers whose d'uties 
relate both to construction and maintenance: 

At the head of the entire State Highway Department is the 
State Highway Commissioner; there is a Department Secre
tary and a Department Auditor, whose duties relate to all 
branches of the department. 

The duties of the three Deputies are separate and distinct. 
Those of the second Deputy Commissioner relate entirely 
to the maintenance and repair of the improved highway sys
tem, and consist of a general supervision of work of the 
Bureau, including determination of general methods, materials 
and' equipment, distribution of the appropriation among the 
divisions, and action on recommendations of the Division 
Engineer. 

At the Department Headquarters is established a Bureau 
of Research, with chemical and mechanical testing labora
tories, in which all materials to be used for construction and 
maintenance are tested, and the result of the test reported to 
the respective Deputy for action and determination as to the 
acceptance or rejection. Also a. Department Auditor's office 
audits all expenditures of the d'epartment, checks all vouchers 
against authorizations, and restricts payments and allowances 
to general rulings of the Commissioner. 

In the office of the second Deputy Commissioner there are 
two general field men, "Superintendents of Maintenance," 
each of whom has a territory approximately half of the state. 
The duties of the Superintendents of Maintenance are those 
of a general inspector in the territory, with no authority to 
act except in an advisory capacity and report to the Deputy 
on the condition of all roads inspected, which reports are 
transferred to an ind·ex card for ready reference. 

This position is a new one in the Bureau, being inaugurated 
in 1915, with the idea of providing assistance to the Deputy 
in keeping closer in actual touch with the necessity for work 
and nature of work actually being performed. 
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The Second Deputy is also provided with a Secretary whose 
duties relate to correspondence, particularly with the public; 
also has general supervision of the work of the office force 
of the Second Deputy's Bureau. 

The State is divided into nine divisions, at the head of which 
is a Division Engineer, who is assigned by the Commissioner, 
and whose duties relate both to construction and maintenance 
within the division. 

The Division Engineer has an office at a convenient place 
within the division, equipped with a full contingent of clerical, 
mechanical, engineering and' inspection· employees. 

The Division Engineer may have two Resident Engineers, 
working from the Division office, and who might be classed 
as Assistant Division Engineers, having such authority as the 
Division Engineer may delegate. 

Each Division comprises about six counties, and to each 
county an Assistant Engineer is assigned, who is termed the 
County Assistant, and whose duties also pertain to construc
tion and maintenance. The County Assistant will have one or 
two regular inspectors whose duties pertain only to main
tenance, and include supervision of the work performed 
di:r:ectly by the Department. In case a contract has been 
awarded within the territory, a special inspector is assigned 
to the contract. The regular inspector is expected to inspect 
all the improved roads in his territory at least once in ten days. 

The mileage assigned to each inspector is approximately 
one hundred miles. 

The inspector will have a working patrolman with horse and 
cart on each four to six miles of highway, whose duties per
tain strictly to maintenance and minor repairs. At times the 
patrolman may be given one or more helpers, forming a small 
gang; and again, a gang may be installed with a foreman to 
perform a larger task than would be practicable to assign to 
the patrolman. 

The organization may be summed up as follows: Commis
sioner, Deputy Commissioner, nine Division Engineers, fifty
seven County Assistants, about eighty regular Inspectors, 
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about 1,100 Patrolmen and about 200 gangs, the Commission
er's, Division Engineer's and County Assistants' duties also 
pertaining to construction. 

Administration is by the Department of Highways, through 
the Deputy Commissioner and the Division Engineer. Super
vision, controlled' by the Division Engineer through the Junior 
Engineer assigned to take charge of a county or other subdi
vision, who personally is in contact with the actual working 
forces, whether contractual or departmental. 

The initiative for the smaller repairs is with the local 
county man; for the larger work, as resurfacing, with the 
Division Engineer. At the office of the Division Engineer the 
repair determined upon is put in the form, either of plan and 
estimate for contract to be let after advertisement and com
petitive bidding, or in the form of a requisition or work ord'er 
to be executed by departmental forces. This plan or order 
is then submitted to the Deputy Commissioner in charge of 
maintenance for his review and approval, after which in the 
case of contract plans, the work is awarded in the manner 
prescribed by law. In the case of work order, after the Deputy 
Commissioner's approval, the specified materials may be 
purchased, or the labor or equipment may be employed. 

The performance of the contract plan or work ord'er is 
supervised by the Division Engineer through his County Junior 
Engineer. After the execution of the work involved by the 
contract or order, the contract items or the material and labor 
are properly vouchered, in the Division Engineer's Office, 
attested by affidavit by the Inspector, approved by the Division 
Engineer, approved by the Deputy, audited by the Auditor 
and paid on draft by the Commissioner. 

Amounts to be expend'ed are controlled by a detailed sch~d
ulized budget appropriation, prepared by the department and 
subject to the review and approval of the State Legislature 
and Executive. 

SYSTEM 

Two general systems are available for performing the work 
determined to be done: Contract, or by departmental forces. 
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As before stated in the case of contract, plans and estimates 
of item quantities and costs with detailed' specifications are 
publicly exhibited, proposals are invited by advertisements, 
bids received and contract awarded, and in due season per
formed and final payment made. During the progress of the 
work, if of any extent, monthly partial payments of ninety per 
cent of the work estimated to have been performed, are made. 

Departmental forces, comprising labor paid direct by the 
Department, the equipment and materials necessary being 
supplied by the Department. 

Of the departmental forces, we have two general schemes, 
the patrol system and the repair gang. The patrol system 
is used to perform the constant minor repairs to the surface, 
shoulders and drainage system on the gravel and macadam 
types of improvement. The patrolman furnishes a horse and 
one-yard cart, small hand tools, and is required to work eight 
hours a day, Sundays and holidays excepted, during about 
eight months of the year. His pay is $3.00 per day, payable 
monthly. During the winter months the roads are not patrolled. 
The standard length of the road patrolled is five miles, and 
the man employed is expected to live on or in the immediate 
vicinity of his work. 

The patrol gang is used either to cover roads not patrolled, 
to supplement the patrolman, to expedite work, or to perform 
work of greater extent than the unassisted patrolman can 
hand1e advantageously, and generally to perform work that 
by its nature cannot readily be expressed in precise terms 
as con tract i terns. 

Such labor and teams are employed when needed at the 
local prevailing rate of pay, their time being usually carried 
on a monthly payroll. Both the patrolmen and the gangs are 
supervised by the County Junior Engineer, and Inspector, 
executing the directions of the Division Engineer. 

Convict labor has been used as a substitute for paid labor 
to some extent, in which case the Department has only to 
meet the expenses for supervision, subsistence and the 
transportation of the men and supplies. 



416 FRED W. SARR 

RELATIVE MERITS 

The patrol system has the advantage of giving constant 
supervision; however, there is usually some criticism of the 
efficiency of the . individual units. This should not condemn 
the system. 

The repair gang has the advantage of performing a given 
project more rapid1y, but the objection has been raised that 
while such a gang is engaged on one section, necessary work 
on other sections is being neglected, resulting in complaints 
from the users. Gang work obviously is more temporary than 
patrol so that the men do not become as expert in the actual 
manipulation of the materials. Further, gang work involves 
considerable investment for plant, as rollers, trucks, oil dis
tributers, heating kettles, small tools, etc., with consequent 
charges for storage, transportation, repair, and some loss. 

CONVICT LABOR 

Experience is, that compared with paid' labor not more 
than fifty per cent efficiency is secured by the use of convict 
labor. If this is correct there is no ultimate economy; but 
resorting to this class of labor is warranted at times of 
extreme scarcity of free labor. The practice is to assign 
trusties, or men whose terms of imprisonment have nearly 
expired, to work in the gang, service of this kind being a sort 
of reward for ·good behavior. As the men camp in the vicinity 
of their work, frequently at great distances from their prison, 
and are under very little restraint, the opportunities for escape 
are great, but the incentive is controlled by the penalty of loss 
of earned commutation of time for good behavior. 

Morally and physically it is an excellent thing for the men, 
but it seems difficult to get a reasonable d'ay's work out of 
them. 

By reason of the men in the various gangs being short
term men, the personnel is constantly changing, which does 
not make for increased efficiency. 

METHOD 

The methods employed to fit the varying conditions are 
reconstruction, resurfacing, surface treatments, gang repairs 
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and patrol. Reconstruction is resorted to where the type of 
construction is not strong enough to bear the traffic which 
is developing. This classification involves extensive founda
tional work, and usually the new work is of a more durable 
and expensive type than the original. 

Resurfacing is replacing a more or less worn top course 
by one of similar type, utilizing the existing foundation course, 
and' possibly reinforcing it at critical points where failure 
has occurred. 

Surface treatments are used to correct a bare, ravelled, 
toothy or pitted condition of macadam surfaces by a thin 
surface applicat~on of asphaltic residuum oil, cut back asphalt 
or refined tar product, generally applied cold upon a surface 
which has been swept clean of all loose or organic matter, the 
oil being permitted to penetrate into the structure of road, 
tending thereby to waterproof the surface, after which it is 
lightly covered with finely crushed' stone or slag, fine gravel 
or coarse sand or other available material, local sources of 
supply determining what cover material is selected. The oil 
should be applied by mechanical distributer under pressure, 
and the cover may be applied by hand or mechanically. The 
treatment should be confined to one side or half width of the 
road' at a time, leaving the other side available for traffic. It 
is desirable that these treatments be completed as early 
as possible in the season, say by mid-summer, to permit traffic 
to enjoy the greatest benefit from such treatment. 

It is contended that with this system of maintenance in 
many cases the life of a pavement may be extended indefi
nitely. The method referred to is that of treating the surface 
of the pavement with a light application of asphaltic oil or 
refined tar, and a cover of fine crushed stone, sand or gravel. 
This treatment consists of spraying on the surface of the 
pavement about one-quarter of a gallon of oil or tar and cover
ing the same with from ten to fifteen pound's of cover material 
per square yard of pavement. These materials are worked 
and kneaded into the existing pavement by the traffic, and 
most efficiently by rubber-tire traffic, and results in filling 
up the small interstices between the larger fragments of the 
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existing pavement and increasing the thickness of the pave
ment from an eighth to a quarter of an inch. This increase 
in thickness should more than offset the constant wearing 
away of the surface by the abrasion caused by the pounding 
of the iron-shod feet of the horses and iroh-tire vehi~les. The 
repetition of this treatment from year to year will gradually 
increase the thickness of the existing pavement. The ideal 
cond'ition being where this treatment approximately maintains 
the pavement at its original thickness, as it has been found 
that where the treatment has been too heavy or too frequently 
applied and the oil and stone mat is built up to a greater 
thickness than one-half inch, it is liable to creep and become 
displaced by traffic, particularly in hot weather. 

The experience of this Department would indicate that a 
water-bound macadam pavement under the average condition 
of rubber-tire traffic, should be treated once each year for 
two years, then perhaps the treatment may be omitted the 
third year, and in subsequent years treatment is required two 
years out of three. 

With the penetration type of bituminous macadam, a sur
face treatment is not generally required until the third year 
after improvement, and thereafter a treatment every third 
year. The advantage of this type of treatment is the ability 
to thereby incorporate a thin layer of new material with the 
existing pavement at a minimum cost and restore, at more or 
less frequent intervals, the part which has been worn away 
by traffic. 

The necessity for this type of treatment is entirely charge
able to the fast-moving rubber-tire vehicles. Before the advent 
of the automobile an artificial binder of bituminous material 
was not necessary. 

The horse-drawn iron-tire traffic tends by the impact of 
the horses' feet and the grind'ing of the iron tire under a 
heavy load to break up any particles of loose stone on the sur
face, crowding the smaller particles down into and uniting 
the same with pavement in wet weather and at all times main
taining a mat of fine particles, silted and bound together 
by moisture forming a protective carpet over the larger 
fragments. 
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The fast-moving rubber-tire traffic tends to remove all 
dust and fine particles from the surface and from the inter
stices between the larger fragments of the pavement until 
they become loosened and a hole starts which rapid1y spreads 
until the entire top course is soon thrown to the side of 
the road. 

The first observed effect of automobile traffic on the 
macadam roads in this state commencing about 1903, was 
the clean and bare appearance of the macadam, the large frag
ments of crushed stone being exposed to view, and it was 
necessary from time to time to sprinkle over the surface a 
light layer of sand or stone chips to relieve the rough condi
tion of the surface, which was disagreeable to traffic of light 
horse-drawn vehicles. 

·where there was a considerable number of horse-drawn 
iron-tire vehicles which would wear away the surface and 
provide an amount of fine material to offset that removed by 
the motor vehicle traffic, the surface would remain smooth 
under the combination of traffic, which would, however, rap
idly wear away the top course decreasing the thickness of the 
pavement as much as one-half inch per year, necessitating 
resurfacing with new top course in from three to five years. 

As the motor vehicle traffic increased, it became necessary 
to cover the surface of the macadam with a light layer of sand 
or fine crushed' stone at frequent intervals during the summer 
season,. and in 1907 and 1908 several sections of highway 
were given surface treatments of bituminous material and 
stone chips as an experiment. 

In 1909, when the Maintenance Bureau of the State High
way Department was organized, bituminous surface treat
ments came into general use, and last season about 2,086 miles 
were thus treated. 

Numerous grades of bituminous products have been tried 
out witµ varying results, the grade of the material represent
ing the percentage and hardness of the bitumen residue 
contained in the product. 

The most efficient material seems to be one that carries 
sixty-five to seventy per centum of bitumen or pitch and which 
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can be applied in a spray under pressure at a temperature of 
from eighty to 100 degrees F. This grade o_f material is suf
ficiently liquid for several days after being applied that it 
may be worked and kneaded into the porous surface of the 
pavement by the rubber-tire traffic. 

A heavier material that requires heating to a temperature 
higher than 130 degrees F. in order that it may be applied, 
cools after application and before receiving traffic, and 
assumes a consistency of rubber gum, and while it may be 
united with the stone chips by rolling, it cannot be as thor
oughly worked into the body of the pavement, and simply lies 
on the surface as a mat which shifts around under traffic 
and is worked into waves and hollows. An example of the 
principle is the painting and varnishing of wood surfaces. A 
thin paint or varnish is applied and is worked into the pores 
of the wood by brushing and rubbing and a more desirable 
and permanent surface is obtained than by using a heavier 
or thicker varnish applied by pouring the same on the wood 
surf ace. The varnish being so heavy it is necessary to heat 
the material to make it sufficiently liquid to be poured over 
the surf ace. No one would expect such a finish to a hardwood' 
rfloor to be very desirable or lasting. The floor could be opened 
to use very much quicker, but permanent results would not 
be expected. This simile is set forth as an explanation for 
the necessity of the disagreeable condition of the road sur
face for a few days after the bituminous treatment is applied, 
during which period the traffic is working and kneading the 
more or less liquid material into the existing pavement. 

There is also the necessity for the use of the light material 
in the subsequent treatments in that the light carrier oils 
soften the hardened' material of the former treatments and 
allow new material to unite and combine therewith. 

The best results are also obtained where the least amount 
of cover material permissible, is used. This can best be 
explained by comparing the bituminous material to Portland 
cement when used with sand in mortar. A surplus of sand 
weakens the cementing qualities of the cement. The same 
results are obtained by using a surplus quantity of sand to 
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cover the application sufficiently to eliminate the disagree
able condition of the freshly-treated pavement. Where the 
pavement is not open requiring a filler for the interstices 
and where previous treatments have been given, better results 
will be obtained' where no cover is used, but a freshly-treated 
surface with no cover is dangerous to fast-moving vehicles 
and such treatment is seldom resorted to in the country 
districts. 

While the best results with surface treatments are obtained 
with a semi-liquid bituminous product and a minimum amount 
of cover, the disagreeable features of this treatment from a 
traffic standpoint have been given serious consideration and 
changes have been made in the specifications for surface 
treatments, which it is hoped will materially reduce the period 
during which the treated surface is objectionable from a 
traffic standpoint. 

The light surface treatment with bituminous material and 
cover does not appear to be suited to pavements where horse
drawn iron-tire traffic largely predominates. The iron-tire 
traffic appears to grind the bituminous material with the 
mineral aggregate and keep the surface roughened and loos
ened, allowing the volatile oils to more readily evaporate. The 
bituminous material then loses its adhesive qualities and is 
ultimately ground to dust and is washed or blown away. 

The bituminous mat tends to make the surface waterproof, 
and as the moisture in the macadam leaches away through 
the foundation and not being renewed from the surface, the 
so-called waterbound macadam is no longer waterbound and 
is simply d'ustbound and is ready to be loosened by traffic in 
any spot where the bituminous surface mat is worn through 
and it is necessary to either provide a heavy mat or constant 
patching of the areas where the mat has worn through. The 
tendency is therefore with the waterbound type to give a gen
eral treatment more often than should be necessary, which 
results in building up a heavy mat which finally creeps and 
displaces under traffic in hot weather, and it is then necessary 
to remove the entire mat and start over with the light surface 
treatments. 
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With the bituminous bound macadam this precaution is not 
as necessary. While the bituminous surface sheds off the 
surface water and the macadam dries out, the individual 
fragments are bound together with a bituminous material and 
are not susceptible to the loosening effect of traffic as they 
are in the dried-out, waterbound type, the results being 
that a much thinner bituminous surface can be main
tained' without constant patching which results in less 
frequent treatments being required, and the expense of main
tenance of the surface by light bituminous treatments on 
bituminous bound macadam roads is not much over half ot 
that for waterbound roads. 

The bituminous macadam, however, being of a more plastic 
nature is more easily d'isplaced by swift-moving traffic, 
resulting in transverse waves developing in the body of the 
macadam, and are not as pleasing to ride over as the more 
rigid waterbound. 

As a surface treatment of gravel roads granulated calcium 
chloride has been used with considerable success. 

This material being of a salt nature draws moisture from 
the air sufficiently to dissolve itself into a saturated solution, 
which penetrates the pavement, where it partially separates, 
giving off moisture to the pavement and' repeatedly drawing 
more moisture from the air, with the result that the surface 
of a gravel or waterbound macadam pavement treated in this 
manner presents a slightly moistened condition, having the 
appearance as if there had been a shower the day before, 
which condition tends to preserve the immediate surface by 
the setting _and cementing action of the moisture and traffic. 

For this treatment about one and one-fourth pounds of the 
salt per square yard is spread' uniformly over the surface, and 
in a season of heavy showers, two treatments may be required 
per season. 

The treatments heretofore described are general and uni
form treatment of the entire surface, and are more of a 
preventive than a curative treatment. 

The real "sure enough" maintenance is the patching of 
small areas that become depressed by displacement and• wear, 
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and the filling of holes that develop by wear and disintegra
tion of the pavement. A plastic pavement, heaved by the 
frost, may not break through but will settle back unevenly, 
resulting in a wavy surf ace, which is augmented by fast
moving traffic. 

This condition may be remedied by scientific patching on 
the surf ace of the pavement without loosening of the old 
surface. 

A waterbound macadam pavement, which is subjected to 
heavy motor vehicle traffic, will, if maintenance is neglected 
for a few weeks often become almost impassable at any rate 
of speed, due to the numerous potholes which seem to develop 
over night, particularly in a rainy time. 

This rapid deterioration develops when the general surface 
becomes slightly irregular, with shallow depressions that hold 
water. The motor vehicle driving at high speed through these 
water-filled depressions, drives the impounded water from 
the depression with a force and velocity corresponding to the 
speed of the vehicle, and estimated to be equivalent to that 
obtained from a pressure of sixty pound's per square inch. 
The disintegrating effect of the wash of the water driven at 
the high velocity can be appreciated. As the depressions grow 
deeper and wider the more water they will collect, and the 
result is greater deterioration before the water is all thrown 
out by traffic. 

A pavement developing these potholes requires a general 
surface treatment as a preventive measure; but it may not 
be possible or practicable to give the surface treatment just 
when it is required, which necessitates constant patching and 
filling of the depressions and' holes. 

Many methods and materials have been used for this pur
pose. The easiest way is to paint the surface of the depres
sions with some form of bituminous material, fill in with 
crushed stone, of a size consistent with the depth of the hole 
or patch, tamping the stone and perhaps making the second 
application of bituminous material if there is any depth of 
loose stone in the patch, covering over with fine stone chips. 
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This method gives satisfactory results, if the proper pro
portion of good bituminous material is used, as compared 
with the stone. The universal tendency, however, is to use too 
large a quantity of bituminous material, with a result that the 
patch is unstable and shoves under traffic, and in a hot time 
the surface of the patch is sticky and collects fine stone 
fragments, dust, and dirt distributed by the fast-moving 
vehicles, resulting in a patch increasing in depth until it 
becomes a bump on the surf ace. The best results are obtained 
by mixing the broken stone and bituminous material together 
in proper proportions before depositing in the hole or 
depression. 

To the highway maintenance engineer, an intelligently and 
su~cessfully patched macadam surface is an intensely inter
esting and satisfactory accomplishment. And it is on roads 
that are liable to develop into the condition described that the 
patrol system is much more advantageous than the gang 
system, in that the holes are filled from day to day as they 
develop, where with the gang, with a larger mileage to look 
after, there may be intervals of three or four weeks between 
trips over each section of road in the group covered by 
the gang. 

The "bug-a-bear" of the highway maintenance engineer 
in a climate similar to that of New York, is the so-called "frost 
boil," or a breaking up of the pavement in the spring after the 
frost leaves the ground; when, for a time the underlying 
natural foundation is semi-saturated and unstable, . weaving 
under heavy traffic until a break appears in the pavement 
crust, when the pumping action of the weaving and quaking 
of the pavement, forces the semi-plastic subsoil to flow to the 
vent or break and there protruding above the general level 
of the adjacent surface, which protrusion resembles a boil, 
hence the term "frost boil." 

Many theories are advanced as to the causes of this condi
tion, and the one most commonly and easily accepted is 
insufficient drajnage. In the opinion of the speaker, however, 
these troubles cannot always be obviated by sub-drainage, 
and he prefers the ordinary drainage obtained by open side 
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ditches, and on questionable soils, to expehd the available funds 
in additional thickness of pavement, particularly an increased 
thickness of foundation course ; an open porous layer of rough 
stone or coarse gravel. 

This is, however, a construction problem, and it is not my 
purpose to discuss the subject at any length. 

From a maintenance standpoint it is observed that'we have 
a much larger crop of frost boils some years than we do in 
others; that they are more prolific following a wet season, 
also following an open winter, where the frost has left the 
ground several times during the winter, followed' by succes
sive freezes; that silt, sandy loam is the most productive, and 
that a heavy open foundation course is a more effective 
correction than elaborate underdrainage. 

In repairing these breaks in the pavements it is our practice 
to excavate the broken area about fifteen inches in depth, fill 
in about one foot of coarse stone roughly placed by hand, 
consolidated by rolling, thereafter a six-inch macadam pave
ment placed over the foundation, in all cases providing under
drainage to the nearest outlet for any isolated pocket of such 
foundation. During the past spring the breaking up of the 
pavements from this cause was the greatest in the history 
of the New York Department, and while the season and ground 
conditions were favorable to an unstable condition of the 
subsoil, still it is unquestionably true that the breaking up of 
the pavements was largely assisted by the heavy bus and truck 
traffic over the improved highways, which traffic operates 
every. day and is confined' to the improved highways, as it 
has been the .completion of the improvement of long stretches 
of highways that has made such traffic possible. 

The size and weight of these trucks and' busses are increas
ing from year to year, and they will continue t-0 increase 
as long as pavements are constructed strong enough to sustain 
their weight, unless there is some legislation restricting the 
size and weight of these commercial vehicles. 

In New York City granite block pavement laid on concrete 
foundation (the most durable and stable pavement known) 
has been ruined in a short time by heavy truck traffic; refer-
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ence is mad'e to a report of Mr. Stearns, Chief of the Bureau 
of Streets and Pavements, Borough of Manhattan, New York 
City, on this subject. 

The average length of the individual units or projects of 
road improvement in New York is about three miles, and in 
the records of the department each project retains its indi
viduality and' number from which it is identified. A com
pleted stretch of improved highway 100 miles in length may 
be represented' by thirty projects. During the past summer 
the Division Engineers were requested to report the various 
projects on ,which the pavements were structurally weak; 
and as a basis of the report to include only those projects 
that developed five separate and distinct. broken sections of 
pavement. The aggregate mileage of such projects was 1,762. 
In other words, there are 1,762 miles of highways, which 
have been improved at a cost of approximately $18,000,000.00, 
on which the pavement broke through in at least five places 
in each three miles, and it may be presumed that the pave
ments on this large mileage are not sufficiently strong to 
sustain the traffic which has developed as the result of the 
improvement of long stretches of highways. These pave
ments were designed to sustain a gross load of, say three 
tons, moving at a speed of four miles per hour. The trucks 
and busses now operating over them often represent a gross 
load of from six to ten tons, moving at a speed of fifteen to 
twenty miles per hour. As an example, on one road leading 
from Albany and Troy to Pittsfield, Mass .. thirty-five miles, 
there are four busses having a seating capacity for twenty
eight people, and each bus makes a round trip daily, making 
a total of eight trips over the road per day. The total surface 
yarda,ge broken up last spring was 750,000, or equivalent to 
eighty-two miles of pavement sixteen feet wide. 

To repair this broken pavement in the manner described 
would cost approximately $800,000.00. Owing to the lack of 
funds it was possible to repair in the permanent manner 
described but about two-thirds of the broken area. Of the 
balance, on less important roads, the surface was simply kept 
smooth, leveled off and veneered over, and will probably 
break up again next spring. 
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In view of the rapidly increasing capacity of the motor 
trucks it would' seem that a state contemplating improve
ment of highways should first determine, and by legislation 
restrict, the gross load of a vehicle which would be permitted 
to use the improved highways particularly for commercial 
purposes. Single isolated trips of a heavy vehicle during 
the dry months are not objectionable. It is the daily use of 
the pavement under unfavorable conditions that is destructive. 

COSTS. 

The expenditures for 1916 have not as yet been segre
gated and tabulated, and I will accordingly read from my 
report of the experience of the New York Department for 
the year 1915. 

A study of the experience of this department in maintaining 
and repairing highways during the past year indicates that 
the expenditures are divided into three groups: 

First, maintenance, or the act of maintaining and preserv
ing the various features of the highway in the same or uni
form condition; the cost of such maintenance of all the · 
improved' highways of all types was approximately $350.00 
per mile, which includes the cost of the patrol system and the 
material used by the patrolmen, together with the cost of the 
surface treatments with bituminous materials and cover and 
supervision. 

Second, repair, or the act of restoring the highway to its 
former condition after more or less extensive deterioration 
during the winter season with the contingent freezing, thaw
ing, unstable foundation, obstructed drainage, floods, wash
outs, sliding banks, etc., and that the cost of such emergency 
repairs was approximately $140.00 per mile for roads of all 
types. 

Third, reconstruction and resurfacing. While on many 
of the improved highways it appears possible, with efficient 
maintenance, to preserve a standard of improvement from 
year to year, there are those that show marked deterioration 
in spite of efforts at maintenance and extensive repairs from 
time to time. This deterioration is generally due to peculiar 
traffic conditions, combined' with unsuitable materials used 
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in the original improvements, and is often the result of 
insufficient foundation over unstable material in the roadbed. 

In cases where the traffic is heavy and the crushed rock 
used for constructing the top course is of the softer varieties, 
this course is worn away in a few years and it becomes neces
sary to resurface the macad'am with a new top or wearing 
course; and in cases where the foundation is unstable, the 
thin surface breaks through in the spring of the year and it 
is often necessary to reconstruct the entire pavement on a 
heavy stone foundation. In a few instances, adjacent to large 
cities, where the traffic is congested and resurfacing has 
been necessary at frequent intervals and the maintenance has 
been costly and unsatisfactory, it has been demonstrated that 
economy demanded a reconstruction of the entire pavement 
with a more expensive and permanent type. 

During the past year the mileage of resurfacing and 
reconstruction has averaged about five per cent of the total 
mileage of improved highways, at an average cost of about 
$5,500.00 per mile, for the mileage treated in this manner, 
or a charge of about $260.00 per mile when distributed over 
the entire improved mileage. 

The total amount expended and obligated for all purposes 
in the year will average $750.00 per mile when distributed over 
the entire mileage of improved highways. 

This statement is misleading in that a large percentage of 
the total improved mileage is of recent construction. 

The first highways improved by the State under the Higbie
Armstrong Act were completed in 1899, and in thirteen years, 
or to the end of 1911, there had been completed and accepted 
but about 2,600 miles, while in the last four years there have 
been completed and accepted' 3,226 miles. In other words, 
fifty-five per cent of the improved mileage has been con-:
structed an average of two years, while the forty-five per 
cent has been improved an average of ten years. 
' Assuming that no pavements should require resurfacing 
for a period of four years after construction, it is necessary 
to eliminate the 3,226 miles which have been improved during 
the past four years from the consideration of the cost per 
mile for resurfacing and reconstruction. Therefore, the total 
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expenditure for this subdivision of the work should be distrib
uted only on such mileage as has been constructed or improved 
for a period of four years, and when so distributed the cost 
per mile for this subdivision during the past year is approxi
mately $560.00 per mile. 

It would seem, however, that the average life of a pave
ment after reconstruction would be .greater than that of the 
first improvement, as found'ational weakness that had devel
oped would be provided for in the reconstruction. Also the 
maintenance and' repairs for the first five years after the 
original improvement are greatly increased by heavy items 
which are properly chargeable to improvement and are really 
a completion of the improvement, such as removal of slides 
from banks which have been cut into at the time of improve
ment; the construction of retaining walls to sustain such 
banks and for the protection of the highway from the erosion 
of streams. Also the drainage conditions, as provided in the 
original improvement, are often the subject of much com
plaint from the abutting owners, and necessitate modifications 
and construction of storm water sewers, all of which develop 
and are taken care of in the first few years after the original 
improvement. It can, therefore, reasonably be expected that 
the cost of maintenance, repairs and reconstructions will 
decrease in some proportion to the age of the improvement 
and that the high cost of $560.00 per mile for resurfacing 
and reconstruction, when applied to all the improved high
ways, would never be attained, and that the reduction in the 
item of repair would offset the increase in reconstruction as 
the improvements increased in age owing to the gradual elimi
nation of weakness, together with the effect of efficient 
maintenance. 

The expenditures of this, bureau for the past year have 
been segregated into groups to determine the expense of main
taining the road's of various types, the expenditures in each 
instance being charged to the type in which the highway was 
classed at the beginning of the season or before reconstruction. 

There were under maintenance during the season 192 miles 
of gravel roads, upon which the average expend'iture, includ
ing reconstruction to a different type, was $955.00 per mile, 
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and the average expenditure, exclusive of reconstruction, was 
$577.00 per mile. Gravel roads, while most susceptible to 
deterioration under heavy traffic, are most easily and readily 
repaired. Said repairs are generally accomplished by scraping 
and honing in the spring. and the addition of new material 
from gravel banks in the vicinity. 

Surface treaments have been given to gravel roads, but 
are not generally satisfactory where any considerable traffic 
prevails. The treated gravel surface is soon converted' into 
longitudinal ruts and ridges by displacement, and this con
dition is not as easily repaired after the surface has been 
treated. Where medium to heavy traffic prevails it appears 
preferable to lay a new macadam surface over the existing 
gravel, and this practice for the past season results in the 
heavy expense for reconstruction of this tzye. 

There were under maintenance during the past season 
2,298 miles of so-called' waterbound macadam highways, upon 
which the average expenditure, including resurfacing and 
reconstruction, was $1,055.00 per mile, and the average 
expenditure, exclusive of resurfacing and reconstruction, was 
$564.00 per mile. 

The expenditures on this type of pavement are larger than 
on any other type, both for maintenance and reconstruction. 
This is partially due to the fact that the average age of this 
type is greater than that of any other type. The mainte
nance is more expensive owing to the necessity of more fre
quent surface treatments and to the necessity of constant 
patching. The large charge for resurfacing is due to the 
large number of miles of pavement resurfaced 3,nd not to the 
cost per mile of the highways thus treated. 

There were under maintenance d'uring the past season 
2,387 miles of bituminous macadam penetration method pave
ment, upon which the average expenditure, including resur
facing and reconstruction, was $510.00 per mile, and the 
average expenditure exclusive of resurfacing and recon
struction, was $448.00 per mile. A much larger percentage 
of this type of macadam is located on the main trunk lines 
than that of the waterbound macadam and, in general, the 
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motor vehicle traffic over this type is very much larger, in 
spite of which fact the maintenance is less than for the water
bound' macadam pavement. 

Of the bituminous macadam mixing method type, there 
were sixty-three miles under maintenance during the past 
season, upon which the average expenditure for maintenance 
was $181.00 per mile. 

The expenditures on highways of this type during the past 
season have in general, been for labor on the shoulders and 
gutters and other work outside of the pavement proper, 
although in a few instances it was necessary to do consid'er-
able patching to the pavement, but, in general, little or no 
repairs were required to the pavements. 

The most unsatisfactory type of pavement, from the main
tenance standpoint, is that of concrete bituminous type, and 
the construction of this type has been abandoned by this 
department. 

The body of this pavement is formed of a low grade of 
cement concrete which was given a light surface treatment 
of bituminous material and fine stone chips at the time of 
construction. This thin surf ace treatment does not adhere 
to the concrete, is readily removed' by traffic, which then 
wears into the concrete, necessitating frequent and constant 
patching. Numerous experiments have been tried out with 
surf ace treatment of varying depths, and the consensus of 
opinion of those who have endeavored to maintain this class 
of pavement is that any surfacing to be satisfactory must be 
thick enough to have stability in itself and not less than two 
inches in depth. 

There were under maintenance during the past season 
295 miles of this type of pavement and the average expendi
ture, including new surfaces, was $1,050.00 per mile, and' the 
average expenditure for maintenance, exclusive of resurfacing, 
was $532.00 per mile. 

There were under maintenance during the past season 
eighty-four miles of first-class concrete pavement, and the 
average expenditure on highways of this class was $129.00 
per mile. 



432 FRED W.SARR 
I 

These pavements are of recent construction, the average 
age being one year, and the expenditures were nearly all for 
labor and materials on the shoulders and gutters, a small 
expenditure only being required on the pavement for filling 
the frost cracks with pitch. 

From the limited experience in the maintenance of this 
type of pavement, it would seem that an expression in regard' 
to the efficiency of the type should be reserved for at least 
another year. 

Under the heading of "Block Pavement" have been grouped 
the expenditures for all brick, stone block and asphalt block 
pavements. 

There were under maintenance during the past season 291 
miles of these types of pavements, and there was an average 
e:x;penditure on highways of this type of $190.00 per mile, 
including the reconstruction of one section about one-third 
of a mile in extent, and the expenditure for maintenance was 
$176.00 per mile. 

This expenditure is, perhaps, about evenly divided between 
the pavement and the shoulders. The expense of the main
tenance of the shoulders is much heavier with the rigid pave
ments, such as concrete and block, than with the macadam 
types. This is due to the smooth, rigid edge which catches and 
hold's the traffic parallel thereto for short distances, similar to 
the effect of street car rails. A rut is soon formed along the 
edge of the pavement which is generally filled with crushed 
stone, increasing the cost of shoulder maintenance. 

On the older brick pavements there has been expended a 
considerable amount during the past season for taking up and 
relaying small areas that have broken down. In Erie county, 
wherein is located the greatest mileage of brick pavement, 
some 102 miles, the average cost of maintenance of this type 
was $245.00 per mile. 

Summarizing the mileage and the average expenditure for 
maintenance, repair and' reconstruction per mile per year for 
each of the different types, we have: 

193 miles of gravel road's cost $955.00 per mile. 
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2,298 miles of waterbound macadam roads cost $1,055.00 
per mile. 

2,387 miles of bituminous macadam, penetration method 
roads cost $510.00 per mile. 

63 miles of bituminous macadam, mixing method roads, 
cost $181.00 per mile. 

295 miles of concrete bituminous roads cost $1,050.00 
per mile. 

84 miles of first-class concrete roads cost $190.00 per 
mile. 

291 miles of block pavement roads cost $190.00 per mile. 
5,611 miles of all types cost $750.00 per mile. 

A review of the above summary would ind'icate that the 
various types could be· grouped in three classes, namely: low, 
medium and high maintenance types, and when so grouped 
we have 438 miles of low maintenance type, including bitumi
nous macadam, mixing method, first-class concrete and block 
pavement, upon which the average expenditure for mainte
nance was but $177.00 per mile per year; 2,387 miles of 
medium maintenance type, including bituminous macadam, 
penetration method, upon which the average expenditure was 
$510.00 per mile per year; 2,786 miles of high maintenance 
type, including gravel, waterbound macadam and concrete 
bituminous, upon which the average expenditure was $1,059.00 
per mile per year. 

If the low and' medium maintenance types are grouped in 
one class, we have slightly over half the improved highways 
upon which the expenditure for maintenance is about $440.00 
per mile per year, and slightly under one-half the total mileage 
upon which the expenditure for maintenance and repairs was 
$1,060.00 per mile per year. 

In conclusion I desire to urge that in planning the improve
ment of any highway, the cost of maintenance be considered 
in connection with the other fixed charges which the munici
pal district, to which the cost of maintenance is proposed to 
be levied, has to sustain, in order to determine whether the· 
maintenance of the improved highway may become a burden to 
the municipal district, whether same be town, coµnty or State. 



Factors for and Against Different Types of 
Pavement-When Paving is Justifiable 

By J. W. Cunningham, Member American Society of Civil Engineers 

The paving question is a big one, and the subject of much 
fallacy and' misconception. To tell the plain truth, a great 
deal that has been written and said on the subject is inspired 
by commercial interest, and from the scientific standpoint 
may be rated as pure "bunk." This paper will avoid technical 
details and attempt to touch only a few of the high points of 
paving. 

The requirements for a surface on country highways differ 
to some extent from those of city streets; but country roads 
themselves also show a wide variation in conditions. From 
the standpoint of traffic, the scenic road, carrying only rub
ber-tired automobile traffic, may best be served' by types of 
pavement quite different from those required for a road carry
ing steel-tired wagons, or for a road having a traffic of auto
mobile trucks in their heaviest form. For those familiar 
with the situation in Multnomah County there may be cited 
as instances of varying requirements three roads: the 
Columbia River Highway, a purely pleasure d'rive; the Foster 
Road whkh serves a large farming community, and the Linn•· 
ton Road with a speciaiized traffic of very heavy oil trucks. 
Each of these roads imposes a different kind of wear upon 
its surface, and the requirements are fulfilled by different 
forms of pavement. 

Climatic conditions also have distinct bearing upon the 
type of pavement. In western Oregon we have generally 
even temperatures, and heavy rainfall. Incident to the rain
fall, the drainage and foundation cond'itions of our roads are 
often poor. In eastern Oregon, on the contrary, there is 
a greater range of temperature, less moisture, and usually 
stable foundations for roads. Directly related to the climate, 
the varying qualities of soil and foundation affect the pave
ment used, and must be given due study in making any 
choice. 

There is no one pavement which is a cure-all for all con
ditions of traffic, climate and soil. Pavements are like patent 
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medicines in that when one form is recommended as a shot
gun p'rescription for every location we may conclude that 
it cannot be the very best in any place. The choice of a 
pavement is a problem for critical study. It is futile to 
attempt to judge a pavement by riding over it in an auto
mobile, or to obtain accurate and truthful information from 
paving promoters and those advocating any particular type 
of pavement. Before we attain any notable degree of success 
and efficiency in the work of hard-surfacing, we must force 
the paving companies to compete on the basis of merit and 
price alone, and to keep out of politics. 

PAVEMENTS SUITABLE FOR OREGON 

To illustrate the different types of pavement which have 
been found suitable for Oregon conditions, attention should 
be called to a s,et of samples of pavement which were made 
by the Oregon Testing Laboratory, and are loaned for the 
Commonwealth Conference by the Portland Library Asso
ciation. These samples represent sawed cross sections of 
what would be actually laid upon the road in accordance with 
the various standard specifications of the City of Portland. 
They are correct, and deserve careful study. 

Of these pavements, there are three, the block pavements, 
brick, stone, and wood-block which are not generally adapt
able for country roads, simply on account of their first cost. 
You will note that all are very thick pavements, with a heavy 
concrete base. They are economical under extremely heavy 
traffic. For example the Linnton road near Portland should 
have been, and without doubt ultimately will be paved' with 
one of these three types. For the average highway their 
first cost is prohibitive. 

The remainder of the pavements may be divided into two 
general classes, the asphaltic pavements and the cement pave
ments. In fact, if we overlook technical distinctions, we may 
say that all of the pavements generally adaptable for Oregon 
conditions are made up of different combinations of just 
three substances : Portland cement, asphalt and mineral mat
ter in the form of crushed rock. The mineral matter forms 
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the body of the pavement and takes the wear. The Portland 
cement or asphalt, as the case may be, is the binding medium 
which holds the particles of mineral matter in position. 

Suitable mineral aggregate for pavement, in the form of 
sand, gravel, or crushed rock, is available in almost any part of 
Oregon. Portland cement is such a familiar commodity that 
it need not be d'escribed. It is being manufactured at two 
different plants in the State of Oregon. Asphalt, and the 
asphaltic oils used in pavements are by-products from the 
distillation of California crude oil. There is nothing myster
ious about asphalt. All the grades of asphalt used in paving 
are staples. The copyright names some of them bear mean 
nothing, as the same articles may be purchased' by anybody 
in the open market as readily as coal-oil or gasoline. 

, Cement concrete pavements are simply another form of the 
material with which we are familiar in our sidewalks, our 
walls, and our buildings. They are a mixture of cement, sand, 
and rock, which with the addition of water hardens into 
a compact slab. Concrete pavements. require care in the 
selection of materials and' in their construction, but the prin
ciples to be followed are well known and may be used by 
anybody. 

A mixture of asphalt and crushed rock, which when laid 
as a pavement is known as "asphaltic concrete", is just as 
simple and' readily understood as is cement concrete. In fact 
asphaltic concrete is merely ordinary cement concrete with 
the Portland cement replaced by asphalt. There is nothing 
worth mentioning in any asphaltic pavement except Calfornia 
asphalt, sand and rock. Any attempt to promulgate a "secret 
mixture" in the way of asphaltic pavement is mere "Jlap
doodle." It is only a half-hour's job for a chemist to eliminate 
all the secrecy from any asphaltic mixture that was ever made. 

WEARING SURFACE AND BASE 

Any pavement under traffic has two sets of forces acting 
upon it. First, the grinding and impact of vehicles and hoofs 
upon its surf ace; and second, the supporting pressure of the 
roadbed' underneath. To meet these two sets of forces, pave-
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ments are often made in two parts; the wearing surface as 
it is called on the top to take the impact, and the base below 
to carry and distribute the load. 

If we return to the classification of cement concrete pave
ments and asphaltic concrete pavements, we find that either 
cement concrete or one of several forms of asphaltic concrete 
may be used as a wearing surface. Likewise as a base we 
may use either cement concrete or asphaltic concrete, or we 
may omit the cementing medium altogether, and simply use 
crushed rock or packed gravel as a base. 

WHAT SHALL THE BASE BE? 

In discussing the requirements of Oregon conditions, the 
base may be taken up first. As stated previously, the func
tion of the base is to carry and distribute the loads from traf
fic. The first requirement is strength and rigidity. The 
second is permanence, for although the wearing surface may 
be destroyed and need replacement, the base should be capable 
of supporting a succession of wearing surfaces. 

Nobody can dispute the fact that cement concrete fulfils 
the requirements for a base perfectly. It is strong and' rigid, 
and is absolutely permanent. Asphaltic concrete is less rigid; 
under summer heat it becomes noticeably soft. It is also less 
permanent, since asphalt is subject to slow decay under the 
influence of the elemen_ts. Crushed rock or gravel, when 
rolled for a pavement base, has a degree of rigidity depending 
upon the thickness and other qualities. A crushed rock base 
is also absolutely permanent. 

Very often a satisfactory pavement may be laid upon 
either of these three types of base. The cement concrete 
is most expensive, but on account of its transverse strength 
a lesser thickness may be used, The asphaltic concrete is 
less rigid and cheaper. The crushed rock base is least rigid, 
yet so cheap that a very considerable thickness may be used 
for the same cost as the other kinds of base, and good results 
obtained. 

An old', well-drained and well-packed macadam or gravel 
road will form a satisfactory base for any variety of pave
ment. The use of an old macadam in this way is also an 
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economy. The practice of building a high-class macadam 
road and resurfacing it the following year, as has been done 
in Multnomah County, should be condemned. Such a prac
tice· is a subterfuge to conceal the true cost of paving. 

Through the State of Oregon we have the greatest extremes 
in foundation conditions, which are the main factor in choos
ing a base. In the coast counties we have peaty bottom land's. 
Upon them a concrete base should most certainly be used. 
In the Willamette Valley we have a clay or loam soil. With 
our heavy winter precipitation a concrete base should always 
be used except where the drainage is exceptionally good, or 
where there exists an old and' substantial roadbed. On any 
new grade a concrete base is advisable. In central and eastern 
Oregon, where the rainfall is less, and where the subsoil is 
generally firm and well drained, there is the greatest field 
for the asphaltic and the crushed-rock bases. In fact, in 
central Oregon there are many places where concrete work 
would be prohibited by the lack of water for mixing and 
curing. 

THE WEARING SURFACE 

When we come to the wearing surface of a pavement, to 
express an opinion is to risk a controversy. Every surface 
has its advantages, and' preferences are as likely to be 
psychologic as analytic. For example people have been known 
to object to cement pavements on account of the reflection 
from their surface, though these same people have walked 
upon cement sidewalks for years without criticism. 

For general use under Oregon conditions, we have desig
nated cement concrete and asphaltic concrete. Both, when 
properly laid in the right location are most excellent surfaces. 

When cement concrete is used as a wearing surface, the 
same material forms the base, the pavement being mono
lithic from top to bottom. Concrete surfaces wear slowly 
under traffic, this wear being much less under rubber-tired 
automobiles than under steel tires and horse traffic. A con
crete surface when worn cannot readily be resurfaced with 
the same material, but forms an exceptionally good base for 
an asphaltic coating. The principal objection to concrete 
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pavements is that due to contraction, the appearance of cracks 
is almost unavoidable. These cracks do not lead to disinte
gration, and if properly maintained do very little harm, but 
they are unsightly. The advantages of concrete pavements 
are their great supporting power and light tractive resistance 
under all conditions of temperature, and' what is important 
in western Oregon, their non-skid surface for automobile 
traffic.· 

In the asphaltic pavements we may eliminate sheet asphalt 
for use upon country roads. The asphaltic concretes may be 
• divided into two sub-classes, depending upon the maximum size 
of the crushed rock used, the fine mixes and the coarse mixes. 
The fine mixtures are commonly called simply "asphaltic con
crete." The coarse mixtures are proprietary, and are often 
called' "Bitulithic" or "Warrenite." Both the fine mixtures 
and the coarse mixtures are good pavements. The difference 
in their composition is graphically shown by an accompanying 
diagram entitled "The Family Relationship of Asphaltic 
Pavements." 

Asphaltic concrete surfaces have the disadvantages of more 
or less softening on hot days, and slipperyness when wet. 
The slipperyness of surface is the same for fine or coarse 
mixtures. The advantages of asphaltic surfaces are the ease 
of repair and upkeep, and the pleasing dark and slightly 
elastic surface. 

The most common types of asphaltic concrete surfaces, 
either in the fine or coarse mixtures, are about two inches 
thick, and are produced by mixing together the asphalt and 
the crushed rock in a heated' drum. A similar result is also 
obtained in a different way by placing the rock on the roadway 
and pouring the hot asphalt over it. This product is usually 
known as asphaltic macadam. Another variety of asphaltic 
concrete, a thin coat made up of successive layers of 
asphalt and fine crushed rock,. has been used with success as 
a wearing surface upon the California State highways. 

THE COST MUST BE CONSIDERED 

Our highways pass through land having less development 
and less able to bear taxation than city property. Therefore, 
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in making a choice of surface for Oregon highways, we must 
in addition to the qualities already mentioned consider the cost. 

Sand, gravel and rock which may be crushed, are widely 
distributed and comparatively cheap products. The greatest 
item in the cost of materials for any pavement is the binding 
or cementing material, cement in the case of cement concrete 
and asphalt in the case of asphaltic concrete. The advocates 
of each of these products have been prone to say that the 
price of the other was exorbitant, and was artificially con
trolled. Each has been accused' of being the product of a 
"trust." It looks like a case of the pot calling the kettle black. 
If there is a cement trust or an asphalt trust we should follow 
the example of the California highway department, which 
found means to bring prices to their proper level. 

The present market price of cement is $1.90 per barrel in 
Portland', plus the freight to other parts of the State. The 
present market price of paving asphalt is $16.00 per ton in 
Portland. Bulk for bulk, the difference in specific gravity 
being taken into account, cement is almost twice as expensive 
a product as asphalt. A mixture of crushed rock and sand 
with asphalt is, for materials, a cheaper product than a similar 
mixture with cement. Knowing the prices of the materials 
and the specification used, it is easy to figure the cost of 
materials per cubic yard', per square yard, or per mile for 
any of these pavements, and this portion of the cost cannot 
be disputed. 

COST OF MATERIALS, PER SQUARE YARD OF PAVEMENT 

Concrete pavement, 1-1 ½-3 mixture, 6-in. thick .................................. $0.80 
Asphaltic concrete (fine), 2½-in. thick.................................................... .29 
Asphaltic concrete (coarse or Bitulithic), 2-in. thick ............................ .24 
Concrete base, 1-3-6, 5-in. thick ................................................................ .48 
Asphaltic base, 3-in. thick .......................................................................... .24 
Crushed rock base, 4-in. thick .................................................................... .18 

These prices are for Portland. As explained before, freight 
would have to be added for other parts of Oregon, and local 
prices of sand and rock used. 

There is a great deal of misconception, or perhaps d'eceit 
in regard to the labor costs of laying pavements. For example, 
it was once stated that of the money expended for paving in 
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Multnomah County, eighty per cent would go for labor_ Such 
a figure is ridiculously false_ The actual labor cost for laying 
a square yard of six-inch concrete pavement is about twenty
seven cents_ The actual labor cost per square yard of asphaltic 
concrete or bitulithic two inches thick is twenty cents_ 

In addition to the cost of material and labor there are other 
items which legitimately enter into the cost of a pavement. 
Fuel, plant charges, repairs, interest on investment, super
intendence, insurance, overhead; all these are legitimate 
expenses_ In addition, if the pavement is laid by contract, 
the contractor is entitled to a reasonable profit, not a large 
profit, for the risks and uncertainties of paving work are by 
no means to be compared to excavation work, foundations, and 
many other forms of engineering construction_ 

Organized promotion and political activity are not legiti
mate charges against paving work. We may expect better 
conditions when paving contractors learn to bid when bids 
are asked for and pave where paving is actually needed_ 

Summing up all the legitimate items of cost, and adding 
a reasonable profit, we arrive at the following figures, repre
senting proper contract prices for different types of pavement 
laid upon an average country highway in the Willamette Val
ley_ The condition assumed is a fair sized job of perhaps 
three or four miles of road_ For very small jobs the cost will 
be higher, and for very large jobs correspondingly lower_ 

REASONABLE CONTRACT PRICES, PER SQUARE YARD OF PAVEMENT 

Cement concrete, 6-in_ thick, 1-1 ½-3 mixture ------------------------$1.35 to $1.50 
Asphaltic concrete (either fine or coarse), 2-in_ thick, exclu-

sive of base --------------------------------------------------------------------------------_65 to _75 
Asphaltic concrete (either fine or coarse), 2½-in_ thick, 

exclusive of base ----------------------------------------------------------------------_70 to _80 
Concrete base, 5-in_ thick, 1-3-6 mixture ------------------------------------_75 to _85 
Asphaltic base, 3-in_ thick, laid with the top, add to the 

price of the top ------------------------------------------------------------------------_30 to _35 
Crushed rock base, 4-in_ thick after rolling ------------------------------_20 to _30 
Preparing old macadam for surfacing --------------------------------------_10 to _20 

The prices of asphaltic concrete are given separately from 
the base because this is the way that bids are usually received_ 
In comparing pavement prices it is important that the ques
tion always be asked, whether or not the base is included_ 

I 
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The coarse mixed asphaltic concrete, known as bitulithic, 
is patented, and royalties are usually, though not always, paid 
when these mixtures are used. The royalty charge varies from 
fifteen cents per square yard in Pierce County, Washington 
to over thirty-six cents per squa.re yard, which was paid by 
Multnomah County. 

The foregoing prices are, in general, lower than what 
has been paid for pavements in Oregon. Since the estimates 
upon which they were based were made in the most careful 
detail and with ample actual cost data, we are forced to the 
conclusion that we have been paying too much for our 
paving work. Aside from the question of prices of raw mate
rials, at the market price of materials our hard-surfacing 
should have been done cheaper. Records show that $1.85 to 
$2.25 has been paid in Oregon for pavements which would 
have given the contractor a good profit at seventy cents. 

Before we undertake any large amount of paving upon 
State highways, or upon county road's in Oregon, we must 
bring prices down to approximately those given. This can 
be accomplished in several ways. The California method of 
the State buying materials would without doubt be as effective 
in Oregon as it has been in our neighbor State. State or county 
ownership of paving plants would likewise solve the matter. 
The greatest objection to municipal ownership is lack of effi
ciency of publicly employed labor. In paving work, the labor 
is such a small item of the cost that even a low efficiency of 
labor would not add materially to the cost. The first cost of a 
plant for asphaltic pavements is not large, for excellent plants 
can be bought for $5,000.00 to $8,000.00. The cost of a plant 
for concrete paving will not exceed $3,500.00. Even though 
it were never used, the mere ownership of a paving plant 
by the State or a county would have a potential power in 
securing better bids upon work. 

WHEN IS PAVING JUSTIFIABLE? 

In conclusion, it may be said that paving is justifiable, pro
viding that it is possible to eliminate politics, make a scientific 
choice of the proper type of surf ace for the proper location, 
and providing that prices are reasonable. The Commonwealth 
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Conference is called to consider highway legislation. A part 
of this legislation should aim to solve the paving problem, 
and to give the public at least a fighting chance where we 
now have none. 

In connection with paving, it is important that our road 
code should contain first a strong section prohibiting and 
penalizing collusion upon public work, and by permitting 
immunity to State witnesses making such section effective. 
In addition, the State code should deal with the matter of 
patents in some definite way. It should permit the use of 
patented pavements only under true and undoubted compe
tition. It should require that when patented articles are used, 
the royalties be paid directly by the public body, and not 
included in the contract by fraudulent "license agreements." 
There also should be provided some workable means of ascer
taining whether or not any particular patents are valid.· 

A good set of laws will go far toward securing efficiency 
in paving, but it is of equal importance that we secure good 
officers to enforce them. For both State and county roads, 
it is essential that we build up a trained organization under 
some kind of civil service protection. 

We want paving in Oregon, lots of it, but we should wait 
until assured that we will get it at right prices. 



General Road Policies Advisable for Construc
tion of State Roads 

By A. G. Johnson, Department of Public Works of the City of Portland 

In Oregon we have at present more than 37,000 miles of 
established roads serving an area of 97,000 square miles. To 
keep up these roads we have an assessed valuation of approx
imately $934,000,000.00, and in the whole State a population 
which in 1910 amounted' to 673,000 or less than seven persons 
per • square mile. Any one can see the vital importance of 
roads in the development of a large area so sparsely settled. 

We must have what may be called interstate roads, as well 
as road's to make it possible for tourists and our own people 
to enjoy the splendid scenery that we have. But above all 
we need good local . roads-roads that bind our communities 
together and' enable the producer to market his products at 
reasonable cost for haulage. We also need what one might call 
pioneering roads-roads that connect as yet isolated territory 
with the rest of the State or open up promising areas held 
up und'uly by lack of adequate transportation facilities. 

The Federal Government is now ready to help us in the 
construction of our interstate and scenic highways, as it right
fully should. The Federal Government not only will help us 
with money, but it will give us the best of advice from the 
fund of experience that Logan Waller Page, the Director, has 
gathered together in the Good Roads Office. But it is right
fully up to ourselves to do most of the financing and the work 
of seeing that we get value received for the money we expend 
upon our roads. It is not a question alone of getting road's 
that are well constructed. That will be easy if we pay heed 
to the Federal engineers. The difficulty has been and always 
will be to get roads built as economically as possible. We 
must have a non-partisan highway commission and a highway 
engineer well trained and faithful to the best interests of the 
State. But that is not enough. We must have the citizens 
of the State so aroused and so instructed in road matters that 
they will back up this board and' get their best effort by show
ing that their work is appreciated. Above all, the engineers 
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of this State, through their engineering societies, must give 
the people a thorough understanding of the engineering prob
lems that they must face and overcome in their road' building 
in this State. 

The methods of road improvement under a contract system 
such as used in the past, must be placed in the discard; and 
that can be d'one without jumping directly to the opposite 
extreme of direct State or municipal work. For example, 
while municipal ownership and operation of paving plants 
has often proved a failure through inefficient administration, 
and has often been thrown into disrepute because of false 
accounting methods, nevertheless, wherever these plants have 
been efficiently handled, and figures have not been juggled, 
a tremendous saving in paving costs has resulted. 

We have a middle road' to follow which prevents on the one 
hand the extortions of paving combines and road contractors, 
and yet yields costs as low as that of efficiently managed State 
or municipal plants, for it retains all the advantages of effi
ciency in the handling of labor generally present in the 
contract system but often lacking for political or other reasons 
in State or municipal plants. I refer to the method where the 
State itself furnishes all the materials used in road construc
tion, so that the contractor only handles the labor item in 
road improvements. 

Let us look at this method' from the viewpoint of paving. 
The following statement shows what proportion of the entire 
cost of paving has been paid out for materials in this vicinity 
where the work has either been municipal or under strict 
municipal control: 

At Spokane, in 1915, the average cost of two-inch asphaltic concrete 
wearing surface for short hauls was $0.44, of which $0.29 or sixty-six 
per cent was paid out for materials. At Albany, Oregon, in 1914, John 
R. Penland, city engineer, found that of a total cost of $0.649 for a 
five-inch asphaltic concrete pavement, $0.45 or seventy per cent was paid 
for materials. 

These percentages for the cost of materials accord well 
with the statements of large paving promoters. for instance: 
The Warren Bros. Co. has issued a pamphlet on Municipal 
Paving Plants, in which the claim is made that the cost of 
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materials for bituminous paving is sixty-five per cent of the 
whole cost of the work, while at a road conference held in 
February, 1915, at Cornell University, an engineer for the 
large Portland cement companies stated that during 1914 the 
average cost of concrete pavements throughout the United 
States was $1.058, of which $0.717 or sixty-eight per cent went 
for materials. All these statements indicate that somewhere 
between sixty and seventy per cent of the cost of paving goes 
into materials. 

Costs of paving that come to us, whether from Detroit, 
where, on authority of the New York Bureau of Municipal 
Research, complete sheet asphalt wearing surface and binder 
is turned' out by a municipal plant at fifty-five cents per square 

.yard, or from Albany, Marion County and Clackamas County 
right here at home, all tend to show that prices have been 
tremendously inflated in the past, and it is easy to see that 
a goodly portion of this inflation has gone into the cost of 
materials. 

At this point let us digress for just a moment in regard to 
this Clackamas County work. _ Paving promoters of the old 
regime have truly stated that a portion of the Clackamas 
paving is rather loose in texture and not sufficiently dense, 
and wish us to infer that a low cost of pavement means a poor 
pavement. As an actual fact, last year toward the end' of the 
paving season the Clackamas County roadmaster was pre
vailed upon to purchase one carload of fine sand, for fine sand 
is lacking in the gravel-pit materials used on the work, and it 
was found that at an additional cost of four cents per square 
yard for fine sand the voids or air spaces in the completed 
pavement were reduced to less than one-half of what they were 
formerly, and a pavement was produced as dense as many 
sheet-asphalt wearing surf aces laid right here in Portland 
at double the price that the Clackamas County work has cost. 
In other words, Clackamas County has come pretty close to 
the actual cost of paving, though in the future it can produce 
better pavement than some laid last year. 

There is absolutely no good reason why the inflation in 
paving prices, insofar as materials are concerned, cannot be 
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prevented by providing that the State and counties shall fur
nish all the materials for construction d'irectly. In fact, the 
State particularly can secure materials as cheaply and ~ven 
more cheaply than the largest paving contractor, for its credit 
is absolutely unimpeachable. Again, the State, because it buys 
in large quantities, can secure far more favorable figures 
than can small contractors or municipalities. Also the State 
can secure the best of materials and know that there will be 
no incentive to the contractor to substitute inferior material. 
Again, in obtaining materials at low cost, the State can exert 
pressure that no contractor or municipality can equal. For 
instance, let us compare the method which the State of Cali
fornia adopted in obtaining proper prices for Portland cement, 
with that used by the City of Los Angeles. 

When the Los Angeles aqueduct was under construction, 
the cement dealers demanded $2.25 a barrel and' even higher 
for cement. The city finally determined to build a $900,000.00 
cement mill and actually produced its own cement in order 
to secure proper prices. I will quote from William Mulholland, 
chief engineer on this work, who says: 

The Board of Public Works never thought it could make either better 
cement or cheaper cement than existing plants in California, but it was 
led to believe from bids that had been submitted and from prices paid by 
the city for cement for other public work, that the city could manufacture 
cement cheaper than the association mills would sell it to the board. 
After the city had constructed its mill, ,it was quite possible for it to 
purchase cement at prices lower than the ordinary market rates, and it 
appeared that some of the manufacturers were pleased to sell cement 
at a figure a shade lower than the city could manufacture it. 

Before the municipal cement mill was ready for operation, 
the city needed 100,000 barrels of cement, and when bids were 
opened all showed the same figure of $2~25 per barrel. How
ever, when the city announced that all aqueduct .work would 
cease until the mill was operating, bids dropped overnight 
to $1.43 per barrel, and the city purchased 100,000 barrels 
at that figure and afterward bought an additional 100,000 
barrels at the same figure. The mill itself produced cement 
at about $1.35 per barrel when running continuously, but as 
yet it is doubtful whether the entire procedure was a paying 
investment. 
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California adopted another method. When prices for 
cement were found too high, the State Highway Commission 
announced that no concrete pavement would be laid, but that, 
instead, bituminous paving would be resorted to, and the State 
did actually lay twenty miles of such paving before the cement 
concerns came to time and offered prices ranging from $1.00 
to $1.40 per barrel f. o. b. mill. So by its tactics California 
secured even better terms than did Los Angeles, and it does 
not have an inoperative cement plant on its hand's. It must be 
added, however, that Los Angeles pioneered the way, and the 
influence of its example no doubt helped the California high
way commission to bring the cement men more quickly to 
reasonable terms. 

Undoubtedly the State can do much to reduce prices in the 
bituminous paving field. It is certain that we must smash 
such iniquitous strangling of competition as occurs in the 
bidding on bitulithic or Warrenite paving where favored con
tractors bid on a flat royalty basis of fifteen cents or twenty 
cents a yard and independent contractors are charged eighty
five or ninety cents per square yard for the mixture delivered 
in their wagons or trucks. In the case of the "State of Wash
ington ex rel, Washington Paving Company vs. C. W. Clausen, 
State Auditor, and W. R. Roy, State Highway Commissioner," 
in the matter of the improvement of Steilacoom Boulevard 
near Tacoma, the Supreme Court of Washington, in January, 
1916, gave one of those famous five-to-four decisions which 
ordinarily mark turning points in economic history. The 
dissenting opinion of Justice Main in this case calls the 
methods adopted to procure the contract "unfair to other 
bidders, injurious to the public, indefensible in morals" and 
considers the contract illegal, while the prevailing opinion 
considers the. contract legal mainly because the state had "slept 
on its rights" in allowing the co.ntract to proceed to comple
tion instead of bringing suit as soon as apprised of the fraud. 

If we heed the statements issued by public officials con
nected' with public road-testing laboratories, we can easily 
bring the extravagant charges made for bitulithic to an end. 
Many claims have been made regard'ing the great density and 
scientific grading of bitulithic pavements. The patents them-
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selves boast of percentages of voids in the mineral aggregate 
as low as nine and ten per cent, and fifteen per cent is given 
as the average actually obtained. If these low percentages 
of voids or spaces between rock particles that in the completed 
pavement are filled either with asphaltic cement or air were 
really obtained, bitulithic would be a very superior asphalt 
pavement, as it is the voids that determine to a large extent 
the lasting quality of a pavement. But the truth of the matter 
is simply this. The upper limit of voids allowable under 
bitulithic patents as now interpreted by the courts is twenty
one per cent. Last Saturday R. S. Dulin, chief of the bureau 
of standards of the City of Portland, in a talk before the local 
section of the American Chemical Society, showed that the 
average of fifty-seven samples of bitulithic pavement as 
actually laid in Portland showed twenty and seven-tenths per 
cent of voids only three-tenths per cent within the limits of 
the bitulithic patents. These figures of Mr. Dulin's check 
within one-tenth per cent with the average voids found by 
Prof. S. H. Graf of 0. A. C. in his tests on samples taken 
from ~he Columbia Highway. 

The average percentage of voids found by the Portland 
Bureau of Standards in scientifically proportioned asphaltic 
concrete mixtures as laid under the standard specifications 
of the city, lies between twenty-two and twenty-three per cent, 
and it is entirely feasible to obtain such a mixture that will 
come as close to twenty-one per cent in voidage on the upper 
side as bitulithic with twenty and seven-tenths per cent does 
on the lower. In other words, all we have to do in order to 
bring the bitulithic people to terms is to lay asphaltic concrete 
with voids approximating twenty-one per cent. This pavement 
will, for all practical purposes, be just as good as any bitulithic 
now being laid, and to get us to stop using it the bitulithic 
people will have to come forward with good bitulithic laid at 
a fair price. 

When California started its good roads program in 1912, 
she had much the same problem to meet as faces us today. 
She had to !'ldminister her $18,000,000.00 provided by bond 
issue as economically as possible, and she started right with 
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an impartial and zealous highway commission. This commis
sion chose an engineer, Austin B. Fletcher, who not only 
attempted to secure good roads economically but did get them. 

On his advice the commission adopted the method whereby 
the State furnishes the materials as suggested above, and 
results were soon obtained'. The purchasing bureau handled 
work on a large scale as may be seen from the total quantities 
of materials that were purchased' in August, 1915, as follows: 

Three thousand, one hundred and forty.five cars of rock and sand 
385 cars Portland cement, 9,500 barrels of oil residuum, making a totaf 
of 4,750 cars of material purchased each month, or nearly 200 cars 
per working day. 

A great merit of the California system has been that the 
small contractor has been enabled to compete with his larger 
rivals as he is not put to the heavy expense of purchasing 
materials nor made to worry over the fact that his larger rival 
may get better prices. 

The argument was made at first that small contractors 
with insufficient capital would be induced to compete and 
that many insolvencies would result. As an actual fact, these 
delinquencies have been few and far between and the exaction 
of surety bonds has protected the state where the contractor 
has become financially incompetent. 

As to costs: Mr. Fletcher, in the annual report for 1914, 
shows the costs as follows : 

Excavation, regardless of class, $0.44 per square yard. 
Asphaltic concrete wearing surface, one and one-half inches thick, 

$0.54 per square yard. 
Thin bituminous carpet coat, $0.09 per square yard. 

Later when 966 miles of concrete pavement with bituminous 
carpet coat ( the conci-ete is mainly four inches thick and' the 
bituminous coat from three-eighths to one-half inch thick) , 
129 miles of oil macadam, a:µd 395 miles of earth roads had 
been completed, the Engineering Record of October 28, 1916, 
gives total costs as follows : 

Excavation, $0.41 per cubic yard; four-inch concrete pavement with 
bituminous coat, $0.738 per square yard, and one and one-half inch 
asphaltic concrete wearing surface, $0.45 per square yard. 

It is to be noticed that this very carefully proportioned 
asphaltic concrete wearing surface one and one-half inches 
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thick was laid at a cost of forty-five cents per square yard. 
This checks well with the low costs obtained here by direct 

, municipal work, and affords a good criterion of what a 
two-inch asphaltic concrete wearing surface should cost. 

The overhead charge in California has proved to be quite 
moderate and after four years of operation has averaged 
12. 75 per cent of the entire cost. With such results under 
four years of trial, is it any wonder that California has just 
voted another bond issue of $15,000.000.00 by an overwhelm
ing vote on top of the $18,000,000.00 which has just been 
expended? 

Analysis will probably show that here in Oregon much 
opposition to the "good roads" movement has been not against 
such improvements but againt the methods and' prices secured 
on road work. In fact, the counties which have fought the 
boosting proclivities of the professional paving promoter the 
hardest are the ones that have been willing to levy the highest 
road taxes. 

If we adopt the California method we will have the same 
success as our southern neighbor. The people will back the 
"good roads" cause, and ,we will obtain a successful solution 
of our problems. In fact, the savings resulting from true 
economy in road building will furnish sinews of war for 
expanding the industries of Oregon and affording us entrance 
into the markets of the world'. 

Finally, in closing, I wish to call your attention to the fact 
that it is almost as important to maintain a road in good con
dition after it has been built as it is to build it well in the first 
place. This is the lesson which we can learn from the bitu
lithic people as much if not most of any superiority which 
bitulithic may have shown over competing asphaltic road sur
faces has come from the fact that the bitulithic people maintain 
their roadways in good condition as long as they remain under 
their control, and in several instances in this city the bitulithic 
people have flush-coated their streets for two years after 
their maintenance guarantee expired. With them repairs 
are made as soon as they become necessary. This is a point 
we should keep in mind in connection with all our roads, no 
matter how they may be paved. 



The Necessity for Testing all Materials Used 
in Road and Bridge Construction 

By S. H. Graf, Professor of Experimental Engineering, Oregon State 
Agricultural College 

When the subject for this paper was suggested the writer 
feared that a discussion along these lines might not fit in with 
the other deliberations of this conference. It also appeared 
to the writer that the necessity for testing the materials for 
roads and' bridges should be S'J evident as to require no special 
comment. Engineers generally recognize and appreciate the 
value of inspection and tests, as is evidenced by the fact that 
all States having active and progressive highway departments 
maintain testing bureaus and regard their work as highly 
important. However, the general public, and man_y road 
officials who are not engineers are inclined to look upon the 
work of the laboratory with some skepticism and to regard 
it as a necessary evil at best. It may be, therefore, that an 
outline of the functions of the testing laboratory in highway 
work may be quite valuable now, at a time when so many 
interests are represented. 

In the past the road builders of this then sparsely settled 
State had' to do entirely with dirt, and possibly gravel roads, 
and it was a question of doing the best possible with the 
materials at hand. Tests were not made and indeed would 
have served no useful purpose. Development of the State, 
however, brought different problems; traffic on certain roads 
became heavy and they had to be surfaced with macadam. 
Some stone was found to serve well and some disintegrated 
soon. From then on laboratory testing has served an increas
ingly important role. A laboratory was established by the 
Government in Washington and many samples were tested 
there, as well as at various similar State laboratories later 
installed. In our State the Agricultural College at Corvallis 
early took an interest in this subject, machinery for tests on 
highway materials having been provided some eight years ago. 

The last few years have brought another phase upon us. 
It d'id not take long to discover that heavy and fast motor 
traffic is destructive to gravel and macadam roads, and we 
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are now face to face with the fact that many of our principal 
roads must be paved if maintenance costs are to be kept within 
reasonable limits. These pavements may be of different types, 
but are similar in that they require the use of some manu
factured cementitious agent, and must for best results be 
mixed in definite proportions. Now our problems become 
very similar to those of our cities, and we go to them for the 
results of their paving experiences. From our investigations 
we adopt certain specifications which we believe to represent 
successful practice. These specifications define clearly the 
required' properties of the materials to be used as well as the 
details of their proper combination. But how can we assure 
conformity with them? There is only one answer-the speci
fici'ttions are a dead letter unless the work is inspected and the 
materials tested. 

It is the writer's belief that inspection and tests are just 
as necessary on work carried on by public forces directly as 
on contract work. Even with the best of intentions errors will 
creep in, and proper control tests will help to discover them. 
To illustrate this point, the writer recalls a case where tests 
showed a puzzling shortage in the asphaltic cement content 
of a certain bituminous pavement. Everything appeared to 
be in order and the proportions of the various ingredients 
weighed out seemed to be correct. Finally close scrutiny 
showed that some of the end weights for two sets of scales 
had accidentally been interchanged. The ratio of the two 
scales happened to be different, and the shortage was soon 
explained. There was here no intention to defraud, but had 
tests not been made during the progress of the work the error 
might easily have remained undiscovered and resulted in a 
materially less satisfactory job. 

The inspection and testing service is therefore in the nature 
of insurance against mistakes and failure, and should be 
welcome alike to the contractor and the public. Unfortu
nately those in charge of tests sometimes by a wrong attitud'e 
incur the ill will of contractors and lose much of the benefit 
that might be secured by cooperation. The more progressive 
and farsighted contractors are glad to have tests made for 
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their own protection, in fact, some of them have their own 
testing equipment and laboratories, and maintain a close watch 
on their products. 

It is a notorious fact that communities where materials are 
not inspected and tested become the dumping ground for 
rejected materials from elsewhere. It is the function of the 
laboratory to discover and eliminate defective materials, but 
even if not a single rejection should be necessary it would still 
be worth while to make the tests. No honest man begrudges 
his insurance premiums just because his house does not 
burn down. 

Successful work inspires public confidence, and we shall not 
get far without this. Any agency that makes success more 
certain is valuable. In cases of failure the testing laboratory 
is usually very shortly consulted-it is then too late, and I 
make the plea that the laboratory be used to help prevent 
failures rather than to discover causes of them. Fewer fail
ures mean less costly and useless litigation, more successful 
contractors, and less public loss and suspicion. 

Many of those present may not be acquainted with the plan 
now used in this State, and it may therefore be profitable to 
leave the general treatment of the subject and to tell about 
what has been and is being done now in the matter of tests 
of our highway and bridge materials. 

The Oregon State Highway Department does not itself 
maintain a laboratory, but has for several years had the close 
cooperation of the materials-testing laQoratory at the College. 
Previous to last year the work was not on a definite official 
basis, but on February 9, 1916, due to the efforts of State 
Engineer Lewis and the writer, an agreement was entered into 
making the relation official. This cooperative arrangement 
is based on mutual benefits as follows: 

On the part of the Highway Commission: 
(a) In preventing the duplication of an expensive testing laboratory 

and maintenance thereof; 
(b) In making available expert service when needed, without expense 

when such services are not needed; 
(c) In promoting continuity of service, and permanency of records 

so that the public may profit by past experience. 
On the part of the Agricultural College: 
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(a) In facilitating cooperation between the State, counties and 
other public agencies, to the end that the College may be of the greatest 
service to the community; 

(b) In keeping its staff in closer touch with the active construction 
work in all parts of the State; 

(c) In reducing somewhat the expense of maintenance. 

It will be noted that one of the factors rendering such a 
cooperative arrangement most efficient is the fact that during 
the summer, when the construction work is at its height, the 
College laboratory staff is not engaged with its ordinary 
instructional d'uties and is largely available for this other 
service. 

In order that the College may be reimbursed and State 
funds properly applied all tests or other services under this 
agreement are paid for by the Highway Commission. In case 
of stand'ard tests charges are based on a fixed schedule, and 
in case of other work on the time spent. The cost thus far 
has been very much less than it would have been for the 
Highway Department to provide even the most meager facil
ities in the way of a duplicate laboratory. It is possible that 
at some time in the future the volume of work will be such 
as to· justify a separate equipment, but this is not the case at 
present. Should certain classes of routine testing for which 
commercial laboratories in the State are equipped reach such 
a volume that they could not be cared for by the College lab
oratory, parts of the work could very well be turned over to 
some of these firms. There are several of these commercial 
laboratories in Portland which are well equipped for tests on 
concrete and bituminous materials. A number of counties 
and towns regularly make use of their services with satisfac
tion. It is not the practice or intention of the College to 
compete with these laboratories, and routine tests for which 
they are equipped are not ordinarily made by the College lab
oratory except in connection with work under the supervision 
of the State Highway Department. 

The agreement between the Highway Department and the 
College laboratory has placed the relations between them on 
a businesslike basis, and has worked out quite satisfactorily. 
Materials incident to the construction of roads and bridges 
have been examined and reported' upon, several insp_ection 



TESTING ROAD AND BRIDGE MATERIALS 457 

trips have been made by the laboratory officers in the inter
ests of the work, and certain control tests have been standard
ized and applied to construction work. While the volume of 
work during the past year has been comparatively small it has 
given opportunity for experience and standardization of 
methods which will be valuable in the event of the greater 
activity which the future may bring. Of the materials exam
ined d'uring the past year the larger number were tested for 
the Highway Department directly; a few for county and city 
officials. The following list will show the range and number 
of samples handled : 

Material Samples 
Macadam rock ............................................................................................ 14 
~~mcrE:te pavin&' aggregates .................................................................... 7 

1tummous pavmg aggregates ................................................................ 16 
Bituminous pavements .............................................................................. 10 
Sand ·········································-··································································· 17 
Cement .......................................................................................................... 21 
Asphaltic materials .................................................................................... 38 
Steel ....................................................................................... •...................... 8 
Miscellaneous .............................................................................................. 19 

Total ........................................................................................................ 150 

In addition to these tests made at the Corvallis laboratory, 
the following tests were made at a small control laboratory 
used in connection with a piece of bituminous pavement north 
of Independence: 

Bituminous paving mixtures .................................................................. 155 
Penetration tests ............. ,.......................................................................... 35 

Total ·········································-····························································· 190 
This makes 340 samples in all. 

A discussion of the testing of the various materials may be 
of interest. First it will be noted that the tests, from the 
nature of things, are of two classes-those which may be 
called' preliminary tests, and those which may be called control 
tests. Those of the first class are made in connection with 
the preliminary survey for the proposed work to determine 
what materials in the locality will be suitable for use. The 
questions of transportation and most economical type of con
struction can then be considered in connection with the qual-
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ities of the different materials that are available, and the 
best solution worked out. The tests of the second class, or 
the control tests, are made while the work is in progress, and 
have for their object the maintenance of the proper quality 
and proportions of the materials as they go into the work. 
The nature of these tests depends upon the type of construc
tion, the tests being mad'e on samples taken by the inspectors 
on the actual work. The control tests, though usually of a 
simple character, are most apt to be neglected but are really 
of extreme importance because materials, and especially those 
from natural deposits, are likely to be quite variable in quality 
and grading. Consequently they require careful watching 
to maintain the proper standard of quality and proportions. 

The tests that are applied to stone intended for highway 
construction have been standardized by the United States 
Office of Public Rqad's and Rural Engineering. They are 
such as will determine the following properties: Weight and 
porosity, resistance to wear, toughness, hardness, and cemen~ 
ing power. It is the possession of these properties in a requi
site degree that determines the suitability of any given 
material for particular conditions. 

In concrete, and especially in concrete for roads the sand 
or fine aggregate is a most important ingredient. It is safe 
to say that more concrete failures are due to poor sand than 
to poor cement, yet very often no thought is given to the 
quality of the sand. Sand for concrete should' be clean, hard, 
and well graded, and the tests applied are to determine these 
points. Briquettes are made using three parts of the sand 
under consideration to one part of cement, tests being made 
after seven and twenty-eight days and' the results compared 
with those obtained from similar briquettes made of the 
standard testing sand from Ottawa, Ill. There is difference 
of opinion as to what ratio of strength should be demanded, 
but few favor a ratio of less than eighty per cent in concrete 
for road work, and many authorities require as much as 100 
per cent or over. To determine the grading or granulometric 
composition of the sand sieves of the various sizes are used. 
Specifications generally limit the proportion of fine particles 
to a low percentage, a coarse sand being best for concrete. 
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The testing of cement has been thoroughly standardized 
by the American Society for Testing Materials. The methods 
have just recently been revised, and on January 1, 1917, a new 
set of specifications went into effect. Under these specific~ 
tions tests are made for fineness, time of setting, soundness, 
strength of standard testing sand' mortar, and chemical com
position. Definite limits have been set for all these properties, 
and it is possible to detect cement which is unsound or 
otherwise defective. 

In the various types of bituminous road surfaces the cemen
titious agent or asphalt must meet certain requirements if 
the work is to be successful. The analysis includes tests for 
consistency, purity, overheating, volatile content, brittleness, 
ductility, and sometimes others. The finished pavement to 
be strong and durable must contain the proper percentage of 
asphaltic cement and a mineral aggregate carefully propor
tioned, the whole being combined' at a proper temperature 
and laid with a sufficient degree of compression by rolling. 
These points are checked by density measurements, extrac
tion of the asphalt by centrifugal machine, sieve analyses, 
and • void determinations. For purposes of record or illus
tration sections of pavement are sometimes cut by means of 
carborundum dust and water applied by an endless wire saw 
passing over sheaves. Such a section exhibits very clearly 
the size and' grading of the aggregate and the density of the 
pavement, and when photographed provides an excellent 
addition to the analysis record. 

Mentioning briefly brick, stone block, and wood block road
ways, it will perhaps suffice to say that tests have been per
fected to judge these materials too; however, at present these 
types have very minor application in Oregon roads and the 
laboratory is seldom called upon for work on any of them. 

Passing on to bridge materials we have timber, concrete, 
and steel principally. Tests on timber are seldom made, it
being considered that when the stringers and other members 
pass the grading rules which are used in their selection they 
will reach certain strengths. Examination of concrete aggre
gates and cement has already been touched upon; the prin-
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ciples are' the same here except that the requirements for the 
stone or coarse aggregate need not be so stringent as for a 
concrete wearing surface, for instance, a softer stone is often 
quite as satisfactory. Steel for the various purposes is pur
chased under appropriate specifications covering chemical 
composition, tensile strength, ductility, and' lack of brittleness 
as shown by cold bending. 

In the limited time available it is not possible to do more 
than to give a very general outline of the tests that are regu
larly applied; however, enough has probably been included 
to indicate the range of work to be handled, and to show its 
value. 

In closing, the writer wishes to express the hope th.at if 
the road work in Oregon is to be reorganized the new code 
will do away with some of the loose-jointedness of the present 
system. At least in connection with the more important roads 
we need a more central control, so that specifications and 
methods may be standardized, and greater unity of effort 
developed. It is difficult to see how there can be real economy. 
or how a consistent program can be carried through in any 
other way. 



The Highway as an Investment 
By Dr. L. I. Hewes, District Engineer United States Office Public Roads 

and Rural Engineering 

It is of considerable assistance in our study of a problem 
to approach it from a new direction. In ordinary affairs the 
word "investment" is well understood, and is associated with 
a complementary term, "income." Your attention is invited 
at this point on the program to the meaning which must be 
given to the term investment as applied' to public highway 
expenditures. It will then be necessary to consider the ques
tion of highway income, and we shall try and arrive at some 
agreement as to the relation or these two terms. 

At first thought a wide difference appears between public 
expenditures for highways and the idea of investment. By 
an examination of the evolution of highway disbursements 
we are led to ask the questions : What has been the evolution 
of highway expenditures? Are not modern highways per
forming larger services than formerly? Are they not positive 
instruments of commercial and social d'evelopment? Do they 
not require financing of a more intelligent and able type than 
ever before? 

Early in our history highways were crude. They served 
as stage routes, incomplete and abhorrent. When the railroad 
came it was a relief to abandon them to local service. For 
half a century the financing of highway construction and 
intermittent repair was a matter of local taxation, and irk
some, as the device of statute labor indicates. The stage of 
disintegration of the highways was the principal stimulus for 
action. There was almost no attempt to fix a highway stand
ard and' then to create a public fund for keeping to that 
standard. 

This method of hand-to-mouth financing had by 1891 begun 
to reach the limit of public endurance. Possibly to the League 
of American Wheelmen belongs the ,credit of first rousing 
the State of New Jersey to improve road conditions. There 
were no first-class roads in this country at that time. County 
officials were conscious of the inadequacy of the finances, 
but less willing to admit defects in the organization. 
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The State of New Jersey, however, wisely offered' engineer
ing advice and at the same time aid from the state treasury. 
The important point for this discussion is the fact that 
then for the first time city taxes were made available for 
county highways. But this was not all. The New Jersey plan 
carried with it the inducement to build roads that were not 
merely casual attempts to move mud and fill chuck holes, 
but real engineering structures. 

Massachusetts immediately adopted a similar plan, and' 
insured the construction of roads to a uniform standard 
by increasing the control of the State over State-financed 
highways. 

The lesson was soon apparent. By concentrating funds, 
by the adoption of sound' methods of construction, and by the 
employment of skilled highway engineers good roads could 
be had. And every mile of good road built in a community 
which had up to then been lacking adequate roads created 
an insistent demand for more miles. In 1894 Massachusetts 
issued $300,000.00, three-and-one-half-per-cent, twenty-six
year sinking-fund bonds for highways. This was a distinctly 
new step in road financing, and may be said to mark the begin
ning of an epoch. Since that time through the State highway 
departments of forty-four States there had been expended 
for highways a total of $265,350,824.00 to January 1, 1916. 
More than 50,402 miles of road have resulted, of which 
approximately 40,000 miles are hard-surfaced. 

By the year 1900 several of our 3,000 counties had issued 
highway bonds for county roads, and thus a second period 
of highway financing began. By January 1, 1914, 1,230 
counties had issued highway bonds to a total amount of 
$286,557,073.00. We do not know the resulting mileage. 

These figures show that highway disbursements for twenty 
years have rapidly increased. But as yet no account has been 
taken of local expenditures other than from bond issues. The 
first count of all annual highway expend'itures including the 
local expenditures, was made in 1904 by the Office of Public 
Roads, and showed a total of $80,000,000.00 for that year, one
fourth of which was the value of statute labor. The same count 
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in 1909 showed a corresponding figure of $160,000,000.00. The 
last count was taken for 1915, and the total annual expenditure 
was found to be approximately $282,000,000.00, of which 
probably not over $15,000,000.00 was in statute labor. 

Two significant facts stand out from these figures: First, 
the great increase in highway expenditures; second, the rel
ative increase of State control. Roads received eighty million 
in 1904 and two hundred and eighty-two million in 1915. 
States controlled less than six per cent of the expenditures 
in 1904, and more than thirty per cent in 1915. 

What is the limit of this increasing expenditure? How 
much money ought a given community to expend for roads? 
There are certain checks on highway expenditures. First of 
all is the valuation of taxable property as an index of current 
public wealth. This limitation has no fixed value for any 
extended period. Valuations in any given area almost always 
increase. State highway appropriations have supplemented 
the lean local valuations by introducing a redistribution of 
the tax revenues. Public cred'it has been called upon in the 
form of State and municipal road bonds. The Federal Govern
ment has, recently again supplemented both local and State 
funds with funds from the United States Treasury totaling 
$85,000,000.00 for the next five years. There is, however, a 
second check and at the same time a stimulus for highway 
expenditures, and that is the service which the highways must 
perform. 

This service or duty of the roads has not received' sufficent 
attention. There have arisen in the past, broadly speaking, 
two divisions of highway enthusiasts, one called for strictly 
radial market roads, and the other for through highways. As 
usual, both schools are right in part, and a workable basis, 
has been found by a judicious compromise. The through roads 
must begin at centers of population. When these radial sec
tions are completed they may then be connected to form the 
through road's of greatest necessity. 

But a more precise measure of the duty of highways is 
desirable. The terms "market road," "trunk highway," "light 
traveled road," and "heavy traveled road" are relative terms, 
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and often misleading. The true measure of the service per
formed by a highway is found only by actually counting the 
traffic. This taking of traffic census is becoming more and 
more frequent. It has been accomplished on a statewide 
basis in Massachusetts on three occasions. Illinois has mad'e 
a partial count on a statewide scale. New York took a second 
statewide census last fall. Traffic counts have also been 
made in California and Maine. The results are very instruct
ive. In general traffic is heavier than is supposed. No 
numerical guess of highway travel is ever reliable. The fig
ures show that traffic is immediately attracted to the better 
roads, even at a sacrifice in distance. Perhaps the greatest 
lesson is the rapid increase on the same roads from year to 
year. Next is the increasing percentage of motor-driven 
vehicles and the relatively larger number of trucks. New York 
and Maine figures show a surprising traffic from foreign cars. 

Equally enlightening is the economic saving which good 
roads permit. It is commonly accepted that it costs between 
twenty and thirty cents to haul a ton one mile on an average 
unimproved earth road. On hard-surfaced modern State high
ways the cost is seldom above fifteen cents. Your attention 
is invited then to the saving in commercial hauling on a road 
that carries 100 or 1,000 tons daily. Is not such a road earning 
a d'aily invisible income of $10.00 or $100.00, respectively? 

Motor vehicles occupy a most interesting and important 
place in modern highway traffic. In 1900 there were prac
tically no automobiles; today there are over three million 
machines. They paid license fees to the states in 1901 amount
ing to $954.00; year before last the revenue from Hcenses, etc., 
was $18,245,713.00 and nearly all this money was applied to 
the construction and maintenance of public roads. Over 
seventy per cent of it was under the control and supervision 
of State highway d'epartments. 

Briefly then recent highway expenditures have ceased to 
be strictly local in character, have enormously increased, have 
tended to become more and more controlled by the State, have 
by virtue of the increase and State control enabled the con
struction of more than twice the mileage of the famous 
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national roads of France, have secured nearly seven per cent 
of their funds in 1915 from motor vehicle revenues, and have 
been accompanied by a constantly accelerated growth in traf
fic, which traffic moves at a markedly reduced cost per 
ton mile. 

What then should be the basis of planning for the future? 
Three years ago the Office of Public Roads pointed out that 
highway expenditures for all future construction should' be 
regarded as money to be invested and not merely spent. 
Before fixing the amount of money to be made available for 
a road there should be a careful study of the traffic needs. 
The width, type and extent of each highway should be gov
erned by present traffic data and' a large factor of safety 
should be allowed for the future. 

The commonly regarded permanent features of all first
class highways should always include the grade and align
ment which in the east is about forty per cent of the total cost. 
That is to say, such work should be well done-for all time, 
if you please. The width, depth, and type of surfacing should 
be carefully studied with reference to traffic needs and main
tenance, and should be so selected that the service wm be most 
economically satisfied. The selection of surface type for econ
omy of construction and maintenance is of utmost importance. 

No type of road surface yet d'evised will serve without 
maintenance. It is true that some types have a higher traffic 
endurance than others, and that some types will enable the 
postponement of upkeep charges longer than others, but all 
surfaces wear with traffic and disintegrate from weather. 
Usually the higher-cost surf aces, such as brick and concrete, 
will, if successfully laid, present very low annual charges for 
continuous maintenance, but even they are not absolutely per
manent and when repairs do become needed they will doubtless 
be heavy. 

To safeguard the investment in highways it must be real
ized that all the available road money cannot be spent for 
construction. The charges for continuous maintenance and 
for periodic repairs must be faced from the outset. The 
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adjustment then of the relation of first cost and probable 
cost of maintenance is of great importance and requires 
experienced judgment. 

Too frequently highways are projected without the services 
of men of sufficient skill. Highway engineering has had a 
great development even during the past ten years. The men 
of most experience are most careful in their recommendations. 
They know the changing conditions. In planning highway 
investments this advice is indispensable. 

For example, a county bond issue for highways should not 
be made without complete report from a thoroughly compe
tent highway engineer. County highway bond issues in the 
county probably total today nearly half a billion dollars. Early 
in the practice many mistakes were made. By consulting the 
valuation the amount to issue was guessed at. The length of 
road desired was then fixed by argument and its location fre
quently was conditioned by the residence of influential citizens. 
The type of bond was decided by the bankers, the type of 
road by an unskilled committee. A low salaried civil engineer 
was then called in to make the money fit the location, length 
and type. Is it any wonder some failures have resulted? 

A thoroughly competent report should have shown the 
needed county road system from an economic standpoint, the 
available material, the existing traffic, the desirable type in 
view of available material, soil, topography, and probable 
service, the best type of bond to issue, the order of construc
tion of individual roads, and the probable maintenance cost. 
Under such conditions there is high probability that the com
munity money could profitably be invested in highways. In 
most such cases it would appear desirable to extend public 
credit to create an improved road system. The principle of 
public borrowing for highways is not defective, it is usually 
the procedure that needs correction. 

There are three types of bonds that are used, the straight 
sinking-fund bond, the annuity bond, and the serial bond. 
The older issues were long-term sinking-fund bonds. No 
road will last thirty years without maintenance. Frequently 
gravel roads were -built and no maintenance fun<;ls provided. 
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The sinking fund was often neglected. No sinking fund will 
accumulate for thirty years without careful management. 
Many sets of county officials pass by in thirty years. The 
bonded indebtedness of some counties is today unknown by 
its own officers. The sinking-fund bond is the least desirable 
and most expensive type. 

More desirable but least frequently used is the annuity 
bond. Its name comes from the fact that it is discharged or 
amortized, both principal and interest, by equal annual install
ments. It is less expensive than the sinking-fund' bond. 

The best type of all is the short-term serial bond. This 
is the cheapest form of a highway loan and is becoming more 
and more frequent. West Virginia reports the saving of a 
quarter of a million dollars by the adoption of this type in 
many counties during 1915 alone. The bond, as the name 
indicates, is discharged by equal annual (or periodic) pay
ments of principal. The interest requirements are thereby 
constantly reduced. This type of twenty-year bond' at five 
per cent saves $18,222.00 over the usual sinking-fund bond on 
every $100,000.00 issued. It accomplishes all the needed finan
cial operation at one stroke, and leaves the minimum duty on 
subsequent county officers. It never requires refinancing. It 
should ordinarily pay for the highway faster th;m the highway 
wears out. 

The discussion naturally leads, then, to the question : Are 
highways a good investment for a community? Disregarding 
the usual arguments for social, ed'ucational, and religious 
benefits from good roads, what is the business answer to the 
question? Suppose the reduction in the cost of hauling is 
five cents per ton mile because of the investment. Suppose 
the benefit to automobile travel, including the increased errand 
value of the highway, the saving in gasoline, tire mileage, wear 
and tear or depreciation, is half as much, or two and one-half 
cents per mile. How much such travel justifies an investment 
of $10,000.00 per mile? A twenty-year $10,000.00 serial bond 
will cost an average of $710.00 annually. If the reduced oper
ating cost of the above two items of travel for twenty years 
only is to meet this entire cost, there must be a saving of $2.00 



468 L. I. HEWES 

daily. Twenty tons of commercial hauling is below the aver
age as determined by the Office of Public Roads in a careful 
census of seven county road's in seven states, including one 
road in Jackson County, Oregon. This travel, with forty motor 
vehicles in addition, saves at the above rate $2.00 daily. 

These figures are conservative. Ten cents per ton mile 
saved would not be high. Ask any automobile owner concern
ing the second item. We see clearly why our highway expen
ditures are mounting. The money can be profitably invested. 
It will in the future be so invested and at an increasing profit 
to the community if good' organization is established and able 
highway engineers given control of the technical questions. 
This country will spend a billion dollars for highways in the 
next three years, approximately one million dollars daily. The 
project is fundamentally sound. In spite of past mistakes 
we have been able to safely carry our highway costs. How 
much greater service will result from our future expen
ditures depends upon our capacity for thoughtful, unselfish, 
cooperative action. 



Necessity for Eliminating Railroad Grade 
Crossings Before Permanent Paving 

By F. J. Miller, Chairman Oregon Public Service Commission 

While a discussion of the subject which has been assigned 
to me might well be said to be limited to the particular ques
tion of railroad grade crossings on paved highways, and the 
necessity for their prevention and elimination, the general 
question of safety is so interwoven and entwined in the' sub
ject and' is so deserving of immediate attention that I trust 
you will bear with me should this discussion overstep the 
strict boundaries which would appear to be fixed by the 
subject assigned. 

The question of safety has in the past received but a slight 
proportion of the earnest consideration that should have been 
given it by the people at large. Several years ago those 
interested in work which brought them in daily contact with 
the appalling conditions that have existed, entered into a cam
paign of ed'ucation, and as rapidly as public opinion could be 
molded to uphold definite action, legislative enactments, many 
of them in the face of the most adverse opposition, have been 
made safeguarding human life and limb. Ignorance of true 
conditions, due to the indifference of the public generally, and 
the popular belief that the operation of private enterprises 
was a matter of no particular concern to others than their 
owners. have been a great obstacle to the rapid progress of 
the safety movement. However, with the interest which has 
recently and is now being taken in this question, it is evid'ent 
that with general enlightenment will come much needed action 
along these lines. 

The Public Service Commission of Oregon has for several 
years taken an active interest in the question of safety, espe
cially as it concerns the operations of public utilities. In this 
work it has had the full and hearty cooperation, with a very 
few exceptions, of the railroads and other public utilities sub
ject to its jurisdiction. While the Commission has recognized 
that the question of rates is of vital importance to the welfare 
of the industries of the State, it has also recognized' that safety 
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of operation is essential to the welfare of the State itself
essential to the conservation of its citizenship, the very founda
tion and bulwark of its existence. Rates may affect ~he 
financial resources of the State, without which it must decline 
to a condition of commercial stagnation and industrial decay, 
but a depletion of its citizenship affects the very blood which 
courses thrqugh its arteries, and without which it must go 
down to death and dissolution. 

The Commission, insofar as statutory limitations upon its 
jurisdiction would permit, has thrown every possible safe
guard' around the traveling public, and the employees and 
operators of our• public utilities. Early in the summer of 1914, 
we issued an ord'er prescribing rules and regulations govern
ing the operation of trains over grade crossings between 
railroads, street and interurban railways. This measure was 
taken solely in the interest of safety of operation, and required 
all trains and cars to come to a full stop at all crossings, unless 
protected by positive interlocking devices of approved type 
and design, and prohibited the passing thereover until it had' 
been ascertained by the train crew it was safe to do so. This 
order has been followed by others, some perhaps not quite 
so far-reaching in scope, but all based' upon the sole question 
of the prevention of the loss of human life and limb. Notable 
among these are the Commi1:1sion's rules and regulations 
regarding the underground and' overhead construction of 
electric, telephone, telegraph and electric railway systems, 
and the recent order fixing minimum lateral and vertical 
clearances for railroads. 

But these are mere steps toward the goal which should be 
sought, as are such legislative enactments as the Hours of 
Service Law, the Safety Appliance Act, and the Factory 
Inspection and kindred bills. Many of the greater problems 
of protection remain yet to be solved', and by no means the 
least important among these is the grade crossing question. 
With the coming of the automobile and the almost revolution
ary effect it has had upon highway traffic, this question is 
daily growing more and more acute, and a condition bad from' 
its inception has become extremely serious. 
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In the days of the horse-drawn vehicle, a traveler upon 
the highway seldom, if ever exceeded a speed of ten miles 
per hour, and it is safe to say that the average was prob
ably less than five. Governed by the limitations of the horse, 
the driver was rarely in territory with which he was unfa
miliar, and generally was acquainted with each crossing, its 
location, condition and surroundings, and often was even 
familiar with the time tables of the railroads. Again, in the 
rural districts, because of the possibility of horses unused to 
trains becoming frightened, drivers made it a point to be 
a considerable distance from a crossing when a train passed. 

With our present extensive use of the automobile, and our 
greatly increased mileage of good roads, it has become possi
ble, and, in fact, quite common, for the individual who form
erly was confined in his travel to a comparatively small 
section of country immediately surrounding his home, to reach 
out into adjoining counties and even states, and do much 
traveling in territory and over roads with which he is wholly 
unfamiliar. His speed has increased from his former maxi
mum of ten miles until now it is not uncommon for him to 
cover mile after mile at a speed of from thirty to forty miles 
an hour. Tourists who formerly utilized the railroads, now 
take advantage of the added attractions offered by the use 
of automobiles, and to a greatly increased local travel is added 
this by-no-means insignificant traffic. 

Spurred by this rival means of rapid transit, and to meet 
the ever-increasing demand's of the traveling, and I might 
add shipping, public for more speed, the railroad companies 
are putting through, high-speed trains, and shortening up 
schedules wherever possible. On the other hand, the automo
bilist, actuated by a sense of rivalry, or a desire to make 
record time, add's mile upon mile to an already excessive 
speed. Who has not noticed that the proud car owner invari
ably dwells at length upon the short length of time consumed 
in a given run? What question is asked oftener, or sooner, 
among automobile drivers than "How long did it take you?" 
Who ever misses an opportunity to relate with a wealth of 
detail his exciting race with a high-spe~d passenger train 
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which resulted in victory for his machine? Thus high speed 
gives way to higher speed', and the vicious cycle is formed
the auto speeds up the train, and the train speeds up the 
auto, and death lurks at the grade crossing to claim them 
both. 

Speed restrictions, of course, are placed, but they are not 
self-enforcing, and, at the present time, outside of our munici
palities, and upon such roads as our Columbia Highway, they 
mean but little in actual practice. More strict policing of 
our highways and the elimination, or positive protection, of 
grade crossings is the solution which eventually must be 
adopted'. 

The Commission has in its files masses of statistics which 
show the deaths and injuries due directly to the existence 
of grade crossings. A study of these statistics discloses a 
condition which is appalling, particularly as to the number 
of accidents which are due entirely to gross carelessness. It 
is evident the ordinary run of humanity exercises little or no 
care for its own safety, and speaking from the experience 
of our Commission, I think I am safe in saying that the aver
age individual views with more or less resentment any attempt 
to compel him to exercise a degree of care commensurate 
with his safety and welfare. 

The fact that only a small percentage of travelers take 
the trouble to look for approaching trains before passing over 
crossings, and that the Southern Pacific Company alone in 
the short period of two years has had 525 crossing gates 
run into and damaged by vehicles after they were lowered 
to protect crossings is conclusive, in my judgment, that cross
ings must be made "fool-proof" if the useless loss of human 
life and limb is to be prevented'. 

The casualties at these crossings mount into the thousands 
each year. In our own State during the last six or eight years 
in excess of forty deaths and one hundred serious injuries
many of them worse than death itself--can be traced directly 
to grade crossings over the lines of our principal railroads. 
These figures do not include accidents upon logging or other 
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industrial roads, the crossings upon which, in many instances, 
are poorly constructed and extremely hazardous. Moreover, 
accidents of this character are increasing yearly. 

Conservation, as applied to our natural resources, has 
d'emanded and received much attention in recent years, but 
as applied to human life, the greatest asset a State can have, 
it is given but little consideration other than spasmodic out
bursts of public opinion which lead, in some instances, to 
beneficial action when some particularly outrageous condi
tion forces itself before the public eye and demands remedying. 

No thinking man will assume to place a monetary valu
ation upon human life. The loss to the State and its citizen- . 
ship resulting from the death of an individual is not to be 
measured by mere money. It takes a power beyond' the reach 
of money to produce life, and when life passes away money 
falls far short of compensating for its departure. 

But for the sake of illustration, and descending to a most 
odious and sordid calculation-one which can be justified 
only for the purpose of emphasizing the enormity of the situ
ation-the State of Oregon has lost, by reason of its citizens 
having been killed upon grade crossings in the last six or 
eight years in excess if $300,000.00. This calculation is based 
upon an assumed figure of $7,500.00 per citizen, which is 
the maximum amount fixed' by our Legislature that may be 
recovered as damages arising out of the death of a single 
individual. As to the loss by reason of injuries, no reasonable 
estimate can be made. 

The ideal situation, of course, can only result from the 
elimination of all grade crossings. In a new and undeveloped 
country, such as ours, with its limited population, and' heavy 
taxation burdens now being carried, it is manifestly impos
sible to accomplish this end except through a systematic cam
paign extending over a series of years. As new sections open 
up additional grade crossings must be installed, as a means 
of ingress and egress is necessary if development is to go 
forward. A good, fair, businesslike administration of this 
question is essential if the maximum results are to be obtained'. 
Drastic, ill-considered action, designed to prevent the estab-

/ 
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lishment of all further grade crossings, and the immediate 
elimination of present ones, will do more harm than good, 
and will inevitably result in an abandonment of work that 
humanitarian principles demand should go on. Any mad', 
wild rush, although backed by the greatest enthusiasm, will 
soon result in such a chaotic condition that the reaction which 
follows will retard, if not completely stop, further progress for 
a great many years,. New grade crossings must be estab
lished, but protection as full and complete as may be required 
under the circumstances and conditions surrounding each par
ticular case should be provided until such time as an 
elimination, without undue burden, can be accomplished. 

Under the statute enacted in 1913, the Public Service Com
mission exercises jurisdiction over the establishment of addi
tional grad'e crossings, and great care has been exercised 
to see that all crossings are properly located, and no more 
than are absolutely necessary are installed. In the adminis
tration of this act, the Commission is daily confronted with the 
question of "convenience" as distinguished from "necessity." 
Allowed to express a choice between the inconvenience of 
an additional half-mile haul, or the assumption of the risk 
involved in passing over a particularly hazard'ous crossing, 
the average individual will unhesitatingly choose the latter. 
The impression seems to prevail that the railroad companies, 
actuated by selfish interest, are seeking to deprive the com
munity of some inherent right, and, in the fight the zealous 
citizens wage to secure favorable action, safety receives but 
slight consideration; and that slight consideration, generally, 
is to view it as an untenable argument presented in an 
endeavor to bolster up and strengthen an otherwise weak 
and unwarranted contention. In the face of cold facts, they 
scoff at the idea that there is any great element of risk 
involved in the use of grade crossings, and it is only when 
some member of their immediate community is torn and 
mangled upon a local crossing that the question is given 
serious consideration. Then comes a concerted move for a 
grade elimination, with public sentiment all aflame, but burn
ing so furiously that it burns itself out before any great good 
is accomplished, and all that remains is a smouldering ember 



ELIMINATION OF R.R. GRADE CROSSINGS 475 

awaiting another breeze which will fan it into a roaring fire. 
Some, yes I might say much, good is accomplished by these 
occasional outbursts, but steady, cool-headed, concerted action, 
bereft of red fire and brass bands, alone will solve this 
problem. It is a business proposition for hard-headed business 
men. 

Dangerous as they are on any highway, grade crossings are 
infinitely worse upon main trunk thoroughfares, and with 
permanent hard surfacing they become still more so. To one 
who has made a study of the situation, it seems incompre
hensible that argument should be advanced against a sepa
ration of grades on all highways which carry any considerable 
amount of traffic. If the traffic is sufficient to warrant the 
permanent improvement of the road, it certainly is sufficient 
to justify a separation of grades at all railroad crossings. 
Assuming all are agreed upon the necessity it is obvious the 
proper time to accomplish the separation is when the perma
nent improvement is being made. Manifestly no more oppor
tune time will present itself, and the question of economy 
of construction alone should be determining. The laying of 
permanent paving which must be torn up and abandoned 
when the grade separation is accomplished is an economic 
waste that cannot be defend'ed. Millions are being spent in 
the east in the elimination of crossings that could have been 
eliminated when constructed for, a much less amount. Let 
us profit by their mistakes. 

As to the character of structure by means of which the 
separation is accomplished, much d'epends upon the local con
ditions. But undergrade crossings, placed at an angle, and 
obstructing a free view of the highway upon either side are to 
be discouraged. While the element of danger from colliding 
with trains is removed, the chance of collision between vehi
cles upon the highway, with probably equally disastrous 
results, is highly augmented. All such crossings should be 
constructed' in such manner as to provide a clear view, through 
the structure, of the highway upon the further side. If such 
construction is not practicable, an overhead structure is much 
more desirable. 
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This whole question of grade crossings is now receiving 
earnest consideration by various interests throughout the 
State. On November 23, 1916, a conference was held in the 
City of Portland at the suggestion of the Public Service Com
m1ss10n. The meeting was well attended by representatives 
of various towns and counties, the State Grange, automobile 
associations, the railroads, and various others interested in 
this subject. At that conference a committee, consisting of 
a representative of the railroad companies, the State Grange, 
the counties, and the· locomotive engineers and' automobile 
dealers was appointed to consider and draft a tentative bill 
for submission to the conference, such bill, if approved, to 
be submitted to the Legislature and an endeavor made to secure 
its passage. ·That committee has held a meeting and will report 
back to the conference on the 6th inst. It is hoped as a result • 
of this conference, some broad and' comprehensive plan for 
grade crossing elimination and protection may be devised and 
receive legislative sanction. 

Money invested in the elimination of grade crossings, as 
long as the amount remains within the bounds of reason, will 
return many fold its value to the State and community in 
citizenship, while the cause of humanity will reap benefits 
which alone will more than compensate for the expenditure. 
Hundreds of thousands are spent annually to protect the 
lives of our game and' fish-their worth can be calculated in 
dollars and cents; other hundreds of thousands are spent 
for the protection of our forests from fire:-their worth can 
be calculated in the coin of the realm, and so one might go on 
through the entire list, while but paltry thousands, and then 
in some instances under protest, are spent at grade crossings 
to prevent the loss of human life, the worth of which no man 
will assume to calculate in gold and silver. Millions are 
freely spent to protect our commercial assets, and a few 
thousands might with equal profit be spent to protect our 
citizenship. 



Equitable Distribution of Cost of State, 
County and District Roads 

By C. E. Spence, Master of the Oregon State Grange 

1. LOCAL ROADS. I am going to begin with the district 
roads, which I consider the most important. Market roads 
from the farmer to the business centers are what we need. 
Some of the outlying districts pay nineteen mills as a road 
tax because they consider their local roads of such importance. 

2. COUNTY ROADS. The county road should be supported 
as at the present time, by the levying of taxes. Many mills 
are now levied. The seventy-thirty division is not as good as 
the fifty-fifty which would give more money for general 
county use and which we should have. This new division 
will probably be taken up by the Legislatu;re. We have come 
to the point where we must have good road surfacing that 
costs more than the local communities can pay and the county 
should take up this work. The county should cooperate with 
the expenditure of the seventy-thirty expense. 

The county court should use its discretion in the formation 
of districts so as to form them in such a way that the bulk 
of the people interested in a certain road should' be in the 
district in which that road lies. If there are to be only one 
or two districts in a county, as has been suggested, this would 
practically eliminate the tax. The main traveled county roads 
should be built mainly by the county. 

3. STATE ROADS. The State roads are of the greatest 
importance, except perhaps in certain localities where they 
are paralleled by the railroad. The State roads through which 
the business of the State is promoted would be the first to be 
developed. The development of the farming communities and 
of our lumber and mining industries are paramount to any 
other. State roads should be supported by a,State tax. 

The . automobile should meet the expense created by the 
heavy travel they give the roads: first, by increasing the 
amount of the automobile license. A tax on gasoline would 
not be practicable for other machines such as engines, etc., use 
gasoline. By levying a tax of one-half mill and increasing the 
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cost of automobile licenses in the State from $5.00 to $25.00 
on pleasure machines, and by regulating the weight of trucks, 
we can help the matter somewhat. 

There are two classes of State highways-utility roads and 
scenic roads. The most equitable manner of paying for a 
scenic highway is by the good old system of the toll gate. 
Let those who have the pleasure pay the price. A suggestion 
is also made--why not license our hotels and garages?, for 
tourists would steer clear of our highways if there was a 
toll. Let us build the roads we need first and then perhaps 
we will make up our minds whether to have toll roads or to 
license our garages and hotels. 

J 



A Suggestion for Concerted Commonwealth 
Effort in Oregon 

!.-BASIS FOR UNITY OF COMMONWEALTH EFFORT IN OREGON 

The proposal of tentative features of a program of d'evel
opment is invited by the presence of two complementary 
phases of faith in Oregon. 

1. Faith in Oregon as a possible home for a permanently 
progressive and favored people. 

Nature has done her part in providing here the factors 
essential as a basis for a civilization of the highest order, 
and has given Oregon a favorable setting in the world com
munity. On the other hand, the people already here possess 
traits that constitute them a hopeful nucleus. 

2. Faith also in the efficacy of comprehensively planned 
cooperation, using the largest and best fund of science and 
experience, to accelerate the pace of progress. 

Oregon, including land' and people, has possibilities worth 
realizing, but only wisely planned effort will insure fullest 
realization of them. 

Il.-CONDITIONS TO BE FULFILLED IN ORDER THAT LIFE IN 
OREGON MAY BE BROUGHT TO EVER BETTER POSSIBILITIES 

1. A sufficient population must be gained through the 
appeal that the Oregon people engaged in conscious State build
ing will make to those who value social environment. Oppor
tunities here for useful citizenship and complete living will 
include the motive of financial success for prevailing upon our 
future additions to seek homes with us. 

2. A simplified and rationalized organization of our com
monwealth establishment throughout must be realized. 

3. Reliance must be placed' upon enlightened, concerted 
effort for progress to school our present population to ever 
better civic efficiency, and to appeal to kindred spirits abroad 
to cast their lot with us. 

cdlxxix 
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PROCEDURE FOR REALIZING THESE CONDITIONS 

1. A population sufficient in numbers and of high enough 
type to maintain an ideal social order will be gained through 
the influence of clear demonstrations of the following: 

(a) Of the soundness of the economic situation in the 
adapted lines of enterprise in Oregon, and their attractions 
as vocations for livelihood. 

(b) Of the high competence of the Oregon people to 
handle democratically their political and social problems. 
Such demonstrations exhibited to the world will make Oregon 
shine for the eyes of those who will make most desirable 
citizens. 

2. Simplified and rationalized political, economic and 
social organization will cost least in taxes and will give great
est returns in service. 

Progressive adaptation of our political and other institu
tions to our need's will involve : (a) The shifting of our 
reliance for clarifying and realizing the will of the people 
upon the executive, and upon expert administration; and an 
intimate alliance of the executive, legislative and adminis
trative agencies in coordinated and consecutive effort for 
Oregon's advancement. 

(b) Intelligent use by a single-chambered legislature of 
approved principles of legislation and of an adapted legisla
tive proced'ure, thus reducing bulk of laws and greatly 
improving quality. 

( c) Effective organization for developing public opm10n 
and for formulating and registering the public will. Through 
such organization Oregon affairs will be conducted by an 
enlightened democratic mind. • 

3. Active participation by all in a concerted program of 
development which will school the citizenship of Oregon to 
fitness for maintaining an ever improving social order. It 
will attract from without just those who will add strength 
to the commonwealth. It means the organization Of the 
people of the State into essentially university functioning. 
Performance of the duties of every day life will be in such 
light of their wider relationships as to be the means of a 
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liberal education. Furthermore, the specific projects of 
economic and social betterment now in progress will be 
brought into a harmoniously related whole-the breath of 
renewed vigor being breathed into them. 

III. GROUPS OF SPECIFIC PROBLEMS THAT COME UP FOR 

SOLUTION IF ADVANCE IS TO BE MADE ALL ALONG THE 
LINE IN OREGON : 

1. Problems of organization: (a) Legislative. Provi
sion of expert bill drafting; application of principles of organ
ization and procedure for securing best deliberation on 
projects of legislation; application of the p,rinciples of legis
lation for best effectiveness of statutory enactments. (b) 
Administrative reorganization for efficiency and economy: 
State, county, city, school district. (c) Scientific budgetary 
procedure. ( d) Revision of judicial procedure. 

• 2. Improvement of the public service. (a) Short ballot 
system for elective officials. (b) Civil service merit system 
for permanent appointive officials. ( c) Accounting system 
for gauging efficiency, under central control to insure 
uniformity, thus making them of highest service. 

3, Reduction of costs of public works investments and 
increase of their utilities in interests uppermost in public 
consciousness in Oregon. (a) Highway investments, plan
ning them and administering them as carefully as the most effi
cient large scale private enterprise is conducted. (b) Capital 
investments-Realizing lowest interest outlays and highest 
income returns. (c) Labor-Regularity of employment 
increased and unemployment reduced to lowest minimum and 
largest feasible participating control gained for labor as 
a factor in industry. (d) Minimum middleman cost and 
minimum transportation costs from primary markets. 

4. Conservation. (a) Of resources from exhaustion, from 
destruction. (b) Of human life-racial improvement mainly 
through ideals and sentiments inculcated; laws for com
mitment of feeble-minded; proper organization of accident 
prevention; dissemination of knowledge of sanitary hygiene; 
making work of schools effective to last degree against unem
ployment, inefficiency and poverty. 
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5. Cooperation with National authorities for securing 
largest returns from resources within Oregon boundaries and 
for equitable relationships in sharing them. 

IV. ORDER OF ATTENTION 

The order in which attention to these problems should' be 
emphasized because of degree of timeliness as determined by 
keenness of public interest in them: (a) System of highway 
improvement called' for by the Oregon situation. (b) Best 
advancement in utilization of our water resources in drainage, 
irrigation and power development. ( c) Cooperation with 
National Government. (d) Unemployment or irregularity 
of employment. ( e) City planning activities. (f) Legisla
tive reform to secure deliberation and aid of best light and 
technique. (g) Conservation of human life. However, each 
of the different groups of the population of the State should 
at all times be making progress with the particular problem 
which has largest appeal to it. 

V. UNNATURAL HANDICAPS IN THE OREGON SITUATION TO 

BE REMOVED 

1. Restrictive clauses in State Constitution pertaining to 
taxation, preventing development of a rational system of 
taxation . 

. 2. Lack of recognition that in efficient public service 
activities we have our best leverage for achieving progress. 
This blindness is exhibited in arbitrary restriction of them 
through tax limitations. 

3. Disproportion between the prizes for speculative win
nings and those for productive achievements. Special taxes 
on unearned' increments would aid toward removing such 
disproportion. 

4. Failure of the spirit to "live-and-help-to-live" to con
trol attitude in all everyday business and social relationships. 


