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REPORT OF ROAD MATERIALS PROJECT
PART J

By O. V. ADAMS. Testing Engineer

The demand for improved highways has developed largely as
a result of the use and constant increase of motor vehicles for the
transportation of passengers and freight. In 1913, the total num
ber of passenger cars and trucks operated in Colorado was 13,135,
while in 1922, this number had grown to 151,499 passenger cars
and 10,829 trucks, or a total of 162,328 motor vehicles. That the
demand for good roads will continue as long as the motor vehicle
is a prominent factor in our everyday life, is recognized by all
who have studied the problem. The individual citizen, as a tax
payer, may object to the burden of taxation, but he will not cease
to demand good roads. The importance of a carefully planned
highway program, designed to meet the needs of the traffic and
carried out so as to achieve maximum results with a minimum
expenditure, is, therefore, evident. A campaign of education by
the various road building agencies, to the end that the people will
understand the reasons for and the results to be gained from the

, expenditure of public funds, is of prime importance; otherwise,
the taxpayer is liable to lose sight of many of the benefits accru
ing to the commonwealth as a whole, and to himself as an indi
vidual, when he contemplates the taxes which he must pay.

That. our progressive urban populations recognize the value
of improved roads and streets is evidenced by the fact that in addi
tion to the same state road taxes as are borne by the farm own
ers, they not only pay for the upkeep of the city streets but ex
pend large sums voluntarily for various forms of street improve
ments. Some of the advantages to the rural population are as
follows: Cheaper and more dependable access to market, in
creased land values, increased facilities for the development of
educational, religious and social life, all of which result in a
better rural morale and greater solidarity, which when fully
developed will go far toward preventing the movement of the
younger generation to towns and cities.

The growth in importance of highway work in the State of
Colorado is evidenced by the fact that in 1'913 the total expendi
ture, not counting that of cities and towns, was approximately
$2,451,000, while in 1922, the estimated amount available for
State and County road construction was approximately
$] 1~389,obo. When the expenditures of cities and towns are con
sidered in connection with the above figures, the magnitude of
the program is readily seen. The expenditure for materials of
construction constitutes 22 percent, in the case of gravel or
crushed stone surfaces, and 30 percent, in case of concrete pave-
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ment, of the total cost of these improvements, according to esti
mates made by the Colorado Highway Department. In other
words, the total expenditure chargeable to materials was approxi
mately $2,500,000 for 1922. The materials in the State suitable
for use in highway construction thus are seen to be of rnajor
economic importance.

TIle principal requirement of any highway program is that it
shall, in the shortest possible time and with the least possible ex
penditure, serve the largest amount of traffic. The ultimate goa]
of such a program is adequate service of all the traffic needs of
county, state, or nation, as the case may be. Adequate service
requires a highway roadbed and surface that will serve the traffic
at the lowest cost per vehicle-mile.

In arriving at the cost per vehicle-mile, the following items
should be considered: Initial cost of improvement, estimated life
of surface and salvage value at end of estimated life, annual
maintenance cost, annual interest charge, net increase in real
estate values because of improved transportation facilities, re
duced cost of operation of vehicles because of improvement and
total vehicle-miles of traffic per year. Knowing as nearly as
possible the traffic to be served, the surface used should be that
which will give the lowest cost per vehicle-mile, using' local
materilas, providing same are known to be of satisfactory qual
ity. If no satisfactory local materials are available, then those
which can be laid down on the job at the lowest figure may be
used. As an alternative to using imported materials, whose cost
is high, it may be possible to secure a lower cost per unit of
traffic by using a less permanent type of surface and allowing
more for annual maintenance and periodic reconstruction.

A knowledge of the location, quality and quantity of deposits
of road material is thus seen to be fundamental in any sound
highway program. From a transportation standpoint, the Colo
rado Highway Department, the road organizations of the counties
and public works departments of cities and towns are all affected
by the availability of suitable materials. A large amount of con
struction, other than that related to transportation, is also done
by public and private corporations, and private individuals, in
which knowledge of available materials is of prime importance.

Having all of these facts in mind and wishing to contribute
to the solution of the transportation problems of the State, which
are seen to be of great importance to both our rural and urban
populations, the officials of the Colorado Experiment Station,
Colorado Agricultural College, in 1918, approved the Road Ma
terials Project in the Civil Engineering Section, and ordered the
necessary laboratory equipment. This was installed in May, 1919,
in the basement of the Civil and Irrigation Engineering building.

The object of the project was to test road materials of Colo
rado and determine those best suited for surfacing the earth
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roads of the State, to construct sample sections of roads surfaced
with materials available and secure data wherever possible as to
the wearing quality of said materials. In order to further this
object, provision was made to allow co-operation with private
parties, the State Highway Commission, and the county commis
sioners of all counties of Colorado.

State and city officials have recognized the value of testing
materials to be used in road and street construction and each
year has seen an increase in the work done for these officials. All
of this work has been done free of charge. However, when sam
ples have been submitted by contractors without certification of
the engineer in charge, the actual cost of testing has been col
lected from the contractor.

The work done during 1919 and 1920 by the testing engineer
in charge of the project, who devoted three-fourths of his time to
the work, consisted of testing such materials as were sent in by
various public officials and private parties throughout the State,
Trips over the State were made to locate and sample materials
and to acquire a knowledge of general conditions. The materials
sampled in the field were then tested in the laboratory and re
ports sent to all interested parties. A permanent record of re
sults of all tests is on file and copies of such records may be ob
tained by anyone interested, upon application.

On June 1, 1921, an agreement was entered into between the
Highway Department of the State of Colorado and the Engineer
ing Division, Colorado Experiment Station, Colorado Agricultural
College, for a co-operative survey" of road materials of the State.
Under the terms of this agreement, the Highway Department had
charge of the field work and samples were tested in the Road
Materials Laboratory of the Agricultural College. By mutual
understanding, this agreement has continued in effect until the
present time. The policy followed has been to first COV(.lr the
roads where construction was imminent, in order that the infor
mation might be used in designing the proposed improvement and
estimating its cost. Work of this nature, which was necessarily
somewhat scattered, occupied the larger part of the season of
1921. During 1922, the gaps in the 1921 work were filled and a
large, continuous mileage of State Highways on the Western
Slope was covered.

Approximately 240 deposits have been located, mapped, sam
pled, and tested under this agreement. These deposits are lo
cated in 39 counties and contain approximately 11,500,000 cubic
yards of material. Two thousand one hundred and fifty-seven
miles, or 61.6 percent, of our State Highways hae been covered
by the survey. The work has not been extended to the second
ary roads, although many deposits already located may be used
on both primary and secondary roads.
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The deposits located consist of rock, gravel, and sand for
concrete pavement and structures, also rock, gravel, sand and
shale for surfacing. These materials were sampled and tested
in accordance with standard practice. The Highway Department
has been furnished with duplicate copies of all data as soon as
tests have been finished.

The accompanying tabulations give the principal data ob
tained in tests on the materials listed. In Table I, the samples
are grouped under the counties in which they are located. For
each deposit the following information is given; namely, county
reference number, pit number, laboratory serial number, loca
tion of deposit by legal subdivision, quantity in deposit and that
represented by samples taken, kind of material, purpose for
which tested, and remarks.

Table II gives data pertaining to the suitability of material
for use ill cement concrete. Table III gives data pertaining to
the suitability of material for use in various other types of
surfacing, such as, water bound Macadam, gravel or sand-clay.
Table IV shows data on samples of rock for use either in concrete
or as surfacing material, or both.

USE OF TABLES
Knowing the county in which any particular deposit is

located, use Table I and find location of deposit, kind of material,
and quantity available. To determine quality of material, look
under remarks, Table I, and note whether it "vas tested for
use in "C' (concrete) or "81"'>' (surfacing). Sand and gravel
samples tested for use in concrete are listed in Table II and those
for surfacing, in Table III. Table IV shows results of tests upon
rock samples, which indicate the suitability of rock for use as
concrete aggregate, in Macadam surface or as aggregate for
any of the various types of bituminous surfaces or pavements.

If the location or quantity available of any material listed
in Tables II, III, or IV is desired, use county reference number
of deposit and find county corresponding to this number, after
which the desired information is readily obtained from Table I.
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