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THE Oregon State Engineering Experiment Station was established
by act of the Board of Regents of Oregon State University on

May 4, 1927. It is the purpose of the Station to serve the state in
a manner broadly outlined by the following policy:

(1)To stimulate and elevate engineering education by develop-
ing the research spirit in faculty and students.

(2) To serve the industries, utilities, professional engineers, pub-
lic departments, and engineering teachers by making investigations
of interest to them.

(3) To publish and distribute by bulletins, circulars, and tech-
nical articles in periodicals the results of such studies, surveys, tests,
investigations, and research as will be of greatest benefit to the peo-
ple of Oregon, and particularly to the State's industries, utilities, and
professional engineers.

To make available the results of the investigations conducted by
the Station, three types of publications are issued. These are:

(1) BULLETINS covering original investigations.

(2) CIRCULARS giving compilations of useful data.

(3) REPRINTS giving more general distribution to scientific
papers or reports previously published elsewhere, as for example,
in the proceedings of professional societies.

Single copies of publications are sent free on request to resi-
dents of Oregon, to libraries, and to other experiment stations ex-
changing publications. As long as available, additional copies, or
copies to others, are sent at prices covering cost of printing. The
price of this publication is $1.00.

For copies of publications or for other information address

OREGON STATE ENGINEERING EXPERIMENT STATION,

CORVALLIS, OREGON
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PROGRAM
WEDNESDAY, FEBRUARY 7

Forenoon

B. J. Mc CLARTY
Regional Construction Maintenance Engineer

Bureau of Public Roads
Portland, Oregon

Pre siding

9:00 END RESULT SPECIFICATIONS

CONTRACTOR'S VIEWPOINT. John C. Compton, J. C.
Compton Co, McMinnville.

ENGINEER'S VIEWPOINT. George Miles, District Engi-
neer, Colorado Dept of Highways, Denver.

10:15 ADEQUATE CONSTRUCTION CONTROL

MATERIALS. W. A. Garrison, Materials Engineer,
Contra Costa Co, Martinez, California.

ACCEPTABLE DEVIATION. H. L. Day, Materials
Engineer, Idaho Dept of Highways.

SUPERVISION. Tom Edwards, Assistant State Highway
Engineer, Oregon State Highway Dept, Salem.

CONTRACTOR'S VIEWPOINT. Leonard Runkle, Asso-
ciated General Contractors, Portland, Oregon.

RECORDS. E. C. Simpson, Construction Engineer,
Washington Dept of Highways, Olympia.

Afternoon

FORREST COOPER
Deputy State Highway Engineer, Oregon

Presiding

1:45 NEW MATERIALS AND METHODS

NEW GRADES OF LIQUID ASPHALT, L. R. Lovering,
Division Paving Engineer, The Asphalt Institute, Sacra-
mento, California
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SLIP FORM PAVING. Gordon K. Ray, Manager Paving
Bureau, Portland Cement Assn, Chicago.

NEW MACHINES. Lloyd Miller, President, Portland
Machine Dealers Assn.

METAL CIJLVERTS. Paul Sturmer, Civil Engineer,
National Corrugated Pipe Assn, Spokane.

WOOD PRODUCTS. W. R. Bond, Senior District Engi-
neer, American Wood Preservers Institute, Portland.
TESTING EQUIPMENT. Ray Schwegler, Regional Na-
tional Engineer, Bureau of Public Roads, Portland.

Evening

WILLIAM A. BUGGE
Director of Highways
Olympia, Washington

Pre siding

THE CHALLENGE OF TODAYS HIGHWAY PROGRAM,
Ellis L. Armstrong, President, Better Highways Infor-
mation Foundation, Washington, D. C.

THURSDAY, FEBRUARY 8

Forenoon

F. B. CRANDALL
Traffic Engineer

Oregon State Highway Department
Moderator

9:00 URBAN-SUBURBAN STREET IMPROVEMENT STAND-
ARDS

General Reporter: D. W. Loutzenheiser, Chief Highway
Standards and Design, Bureau of Public Roads, Wash-
ington, D.C.

Panel: L.W. Ross, Planning Traffic Engineer, Depart-
ment of Highways, Idaho; Roy Sawhill, Associate Pro-
fessor, University of Washington, Seattle; Norman
Kennedy, Assistant Director, Institute of Transportation
and Traffic Engineering, Richmond, California; W. S.
Homburger, Asst Research Engineer, ITTE, Univ of
California, Berkeley.
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Afternoon

WILLIAM A. BOWES
Commissioner of Public Works

City of Portland
Presiding

1:15 MAINTENANCE SIGNING

Movie: "Effective Maintenance Signing, " Russ Hansen,
Safety Supervisor, Pacific Northwest Bell Telephone Co,
Portland.

1:45 COORDINATING URBAN TRANSPORTATION STUDIES

THE PLANNING CONCEPT. Wes Kvarsten, Director,
Mid-Willamette Valley Planning Council, Salem.

THE ENGINEERING CONCEPT. R. C. Blensly, Plan-
fling Survey Engineer, Oregon State Highway Dept.

3:00 TRAFFIC SAFETY

ACCIDENT RECORDS. D. W. Schoppert, Highway Trans..
port Engineer, Automotive Safety, Washington, D. C.

SAFETY RESEARCH. M. deNovellis, Field Represent-
tative Automotive Crash Injury Research, Cornell Uni-
versity.

TRAFFIC SAFETY COMMISSION. Warne Nunn, Admin-
istrative Assistant to Governor, Oregon.
SAFE DRIVING HABITS. Walter C. Lunsford, Western
Regional Representative, Auto-Industries Highway Safety
Committee, Washington, D. C.

FRIDAY, FEBRUARY 9

Forenoon

JOHN A. ANDERSON
Marion County Engineer

Pre siding

9:00 NATIONAL ASSOCIATION OF COUNTY ENGINEERS
MANUALS

COUNTY ROAD MANAGEMENT, C. Arthur Elliot,
National President, National Assn of County Engineers,
Greene County, Iowa.
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Discussion: Pat Thompson, Franklin County Engineer,
Washington; Jack Kalinoski, Kiamath County Engineer,
Oregon.

11:00 AASHO ROAD TEST. William N. Carey, Jr, Chief
Engineer for Research, AASHO Road Test, Ottawa,
Illinois.



END RESULT SPECIFICATIONS
Contractor s Viewpoint

John C. Compton

End result is something we are hearing about more and
more, although something rather new to me. I had always thought
it was up to the contracting agency to worry about the end result
and the contractor to worry about getting the work done the way
the engineer wanted it done.

In the last year I have been studying the end result type of
contracting and find that it is far from being new. To me it seems
the better way for both the contractor and the contracting agencies.
I make this statement with reservation, for in some cases end
result methods can be carried to the extreme. I believe, however,
that at the present time we have carried the unit price method to
the extreme.

To explain myself, let me cite an example. Say that a
job was advertised for bid and the following was the total wording
for the general and special provisions:

To be built, one paved road, four lane, each
eleven feet wide, eight-foot shoulders, and five
miles long, on such and such predetermined
grade and center line. Of such quality that it
will last for ten years.

Obviously, this is an absurd example and allows too much
latitude for the contractor to be responsible for, and I am sure
the contracting agency, for their purposes, would think so too.
On the other hand, take the specifications which spell out for the
contractor not only how he is to do the work, but the equipment
he is to use. With the use of a unit price for every item, almost
anyone who can obtain a bond is in a position to look over a re-
spectable contractor's bid price and thereby undercut him on his
prices in succeeding bids. These men may have had no previous
experience and many times do not have the necessary skill. Per-
haps for the advantage of lower prices this is the kind of con-
tractor the contracting agencies want, but I rather doubt it. A
bona fide contractor takes pride in his workmanship and has a
sense of accomplishment. Many times this is hard to achieve
because the prices are cut down and the contractors are looking
for survival.
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What I am trying to point out is that I feel that some-
where between the extreme method of end result and the extreme
unit price method now being used, there is a better way of doing
construction work.

If contracts were to be let with more lump sum bids, or
near lump sum bids, each project could be bid according to the
individual problems one would anticipate. This would prevent
the inexperienced contractors from relying on a history of unit
prices upon which to base their bid, without regard to specific
job conditions and current construction cost information.
Bidding from past history of unit prices, without experience, i
bad for the industry. Any attempt to get work on this basis can
only result in low unrealistic prices.

With the lump sum bidding system, workable specifica-
tions that could be followed would have to be provided. The
resident engineer should have the authority he needs to properly
inspect the work and make any necessary field changes without
impeding progress and production. More general specifications
would provide less opportunity for disagreement between the
contractor and the engineer, and it would seem that this would
thereby result in fewer claims.

The specifications can be written for end results. Take
for example our state. In bidding on structures we have the lump
sum bids, which have been a step in the right direction. Also,
the Louisiana Standard Specifications for Compaction of Embank-
ments reads as follows:

Compaction of embankments shall be ac-
complished by any satisfactory method that will
obtain the density hereinafter specified, unless
a specific method is provided by special pro-
visions.

There are also places where a change could be made.
For example, many agencies have a liquid limit test and a min-
imum fracture requirement on aggregates produced, but still
require you to scalp the raw material. Whether the material has
to be scalped or not depends on the liquid limit and fracture tests.

Still another example is the compaction of base rock. A
certain density is required. Instead of letting the contractor
choose his own method of meeting the compaction requirements,
special tools of a certain design also are required.



The lump sum bidding method could relieve some
checkers, which could result in less engineering expense, or
possibly more time for inspecting and testing. Better testing
procedures and methods should be provided that will prove the
quality of the work as it is accomplished without limiting in any
way the contractor's ability to maintain high production with
good, modern equipment and methods.

The lump sum specification, once written, would not
have to be changed to keep abreast of each new development in
methods or equipment. The contractors, equipment manufac-
turers and material suppliers would be encouraged to put their
best efforts into developing methods and machinery to expedite
the work, rather than to meet a single specification or individ-
ual idea of how the work should be performed. This would, I am
sure, lead to better quality work at less cost.

I can visualize that the end result methods would be a
great help to the contractor in solving job financing problems.
When one item was completed it would mean a major phase of
the contract was completed, and the retained percentage on that
item could be released. Methods for releasing contract retain-
age have improved greatly over the last few years. I believe,
however, I am safe in saying that both contractors and engineers
realize that this is still a problem in view of the accelerated
construction era we are now in.

If the end result methods were followed, the contractors
would be put on a more professional basis since the bidding and
performance requirements would have to be more thorough,
thus eliminating the fly-by-night bids and inexperienced bidders.
What the contractor wants is to put construction back on a more
professional basis, to take pride in his workmanship, have the
responsibility for the work, and be permitted to use his own
ingenuity and ability as much as possible.

It can be said that much progress has been made in the
field of specifications and construction methods. I think we all
realize that we are not as yet perfect, that there is still much
room for improvement. It is our responsibility as contractors
and engineers to be constantly improving our methods and to
keep up with the times. Perhaps the end result method is the
answer to our present and future needs. It certainly behooves
us to investigate into every possibility and glean from it all that
which is to our advantage.
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END RESULT SPECIFICATIONS
Engineer s Viewpoint

George N. Miles

From the viewpoint of an engineer, we see in end result
specifications another forward step in the direction to which we
engineers must be dedicatedimproved construction at reduced
cost. We see here another possibility to correct a fundamental
error which is prevalent on most highway projects. Highways
are usually designed with sufficient width and adequate depth,
but they are always designed too short.

Certainly we are not so naive as to think that a mere
change in specification writing is going to provide an answer to
all the economic problems of highway construction, but we do see
a possibility here and we think it should be explored to the fullest.
We believe that end result specifications will put contractual bid-
ding back on a competitive basis where the most competent or-
ganizations will prevailthat it will encourage all contracting
agencies to new and better constructions methods, with new and
better construction equipment. In short, within the limits of good
sound construction practices, it will turn loose our contractors
to do the job they are capable of doing, and the entire industry as
well as the public will benefit therefrom.

The difference between what I will call standard specifi-
cations and end result specifications will be found in the restric-
tive clauses which usually define the ways and means that shall
be used to achieve a desired result.

This is so characteristic of standard specifications. They
tell you how to do the work as well as what the final result will
be. There might be several better ways to accomplish this final
result, but "you shall do it this way, " and there is the point of
conflict.

The end result specification will, within limits, simply
state what the final product shall be, and this usually is accom-
panied by a proof test of some sort. It refers in no uncertain
terms to what is expected as a final product rather than how such
a result is to be accomplished. The end result specification will
often describe the basic elements necessary to success in any
given item of work, but will not dwell on or require such item of
work to be done in a given fashion. It will go into much detail,
however, concerning the acceptability of the final product. It
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does not restrict the contractor to the same old routines but en-
courages him to use his own ingenuity, making best use of his
own organization and equipment in accomplishing the final
product. It promotes new methods and new thinking, yet does
not forbid the tried and true ways.

Colorado has been cited as a state operating under end
result specifications and, to a limited extent, this is true. We
have altered our standard specification on several items of work
and other work items are revised regularly by special provisions
on current project plans in order to get the experience with an
end result specification before completely adopting it. We are
feeling our way along and, at the same time, trying to benefit
from the experience of other states that are working along the
same line of thought. It would be more nearly correct to say
that Colorado is dedicated to a policy of end result specifications
believes in it thoroughly, but is using it cautiously. Our
limited use so far has been very successful and now meets with
general approval among the contractors.

Our adoption of end result specification has been advan-
tageous to our contractors. As an example we cite the item of
embankment compaction. Formerly we attempted complete con-
trol of the compaction work. We designated type, size, weight,
and speed of equipment. We also designated a minimum number
of passes that this equipment would make over a given thickness
of lift. The rolling equipment was bid on an hourly basis as a
part of the contracttruly a force account item of workand our
engineering personnel controlled the operation 100 percent. The
result was that we secured proper density but often overrolled
as a matter of insuring that density and the entire function be-
came the key operation around which the contractor tried to build
his project. His earth-moving equipment was badly slowed down
to the point that he was constantly looking for another location in
which to work while the wetting and rolling was catching up.
Good organization of the work and best use of his equipment were
not quite possible. Being able to get only limited production
from his equipment investment, his prices were necessarily
high and he was constantly trying to increase his volume of dirt-
work, often to the detriment of the wetting and rolling results.

Today, control of the entire operation is his. Under the
end result specification we are out of his way. He can use rol-
lers or vibrators or whatnot to match his own capabilities so
far as earthwork volume is concerned. Other than thickness of
lifts and the requirement of moisture and density, he has a green



light, and we are not too technical about the thickness of the lift
as long as the required moisture and density are secured.
Failing in this, he gets the red light.

Today we see more and more varied compacting equip-
ment than ever before. Better yet, we have seen a change in the
attitude of the contractor's supervisory people who now care
whether or not we have optimum moisture in the lift, and who
are quite conversant with soil types and their various physical
characteristics. We like this. Best yet, our compaction cost
has decreased some ZO percent, and we think there will be fur-
ther gains.

Engineering-wise, we must now speed up our own oper-
ation in order to match the volumes coming out of those scrapers
and furnish immediate test results on moisture and density.
This is no small problem on a multiple-shift operation. None
the less, we like it.

It would seem that in the case of most public highway
agencies the basic reason for contracting our actual construc-
tion work is that our construction agencies have the organiza-
tion, equipment, manpower, and know-how with which to do
the job we need done. Otherwise, surely we would not be
hiring them. With an end result specification, we are able to
give these construction agencies the latitude to develop the ways
and means that each of these organizations will use in order to
produce the roadways that we have hired them to build. It is
actually designed for organizations that are competent, capable,
and have the proper equipment or the means by which to secure
the proper equipment to do the job.

Why then should it be necessary for us to advise each
contractor of every step that he should take in producing any
single item of work. Why not go to the end result and define it
to him in terms that leave no question as to what is required,
letting him choose his own ways and means of achieving this end
result.

In order to make this specification work in the manner in
which it is intended, it is absolutely necessary that we have com-
plete cooperation between the project engineering staff and the
contractor's supervision. In Colorado, we believe that once a
contractor has risked his money as well as his reputation in com-
petitive bidding in order to get a job, our engineering staff shall
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at that point become a part of the construction team composed of
the engineers and the contractor's people in a mutual effort to
get the best construction work at the least costleast cost to
both the State of Colorado and to the contractor. We say this be-
cause we realize that any contractor who loses money on a pro-
ject or loses money steadily on a given item in several projects
is going to do nothing but raise his prices in future bidding, so
we feel that it behooves us as an organization to give every as-
sistance we can in helping that contractor make money at his bid
price.

In summation, may we say that this type of specification
seems "tailor made" for an industry that is progressive and vig-
orous. Surely then, it has application in the highly competitive
highway construction industry where "time is of the essence" on
every project, and new and better ways and means can be used
to such tremendous advantage. None of us is so far ahead in the
current interstate construction program that we can sit back
and rock. Furthermore, by the time the current program is
completed, new traffic will have overrun many of the older
roadways and bigger and better transportation facilities will
again be a prime requirement to our national economy.

11



ADEQUATE CONSTRUCTION CONTROL
Materials

W. A. Garrison

INTRODUCTION

I think all of you will agree that those of us engaged in
road building for public agencies should exercise some control
of materials in the construction of our roadways. However, not
all of us utilize adequate materials control in the design and con-
struction of our roads and streets. By selecting or approving
either a material or the state in which a material is placed, we
exercise "control whether or not our decision is made as a
result of visual inspection, previous knowledge, laboratory tests,
or a combination of these. We all know the project engineer
represents the public agency, and his decisions regarding ma-
terial will affect the service life and maintenance cost of a road-
way.

Personal opinion is valuable. Add to this personal opin-
ion the results of a properly conducted test and you will have the
basis for a sound engineering decision. The design of a pave-
ment is important for the same reason that the design of any
other structure is important. The pavement will be expected to
serve safely as a roadway for its designed life, with a minimum
of cost to its owners.

In the past thirty years we have seen many changes in
engineering and in all other lines of endeavor. Regardless of
our occupational fields, we should look back and study what has
happened in the past and change as necessary our approaches and
practices to suit the period ahead.

There was a time when the competent project engineer
did his own survey work, inspected the material, and supervised
the placement. I am referring to that happy time when the pro-
ject engineer did not have to possess the abilities of a certified
public accountant. His basic control test of the compaction of a
fill was proof-rolling with a loaded truck. A well placed heavy
heel and the pat-stain test constituted the bulk of his tests for
asphalt surfacing.

Yes, times indeed have changed. Project engineers for
public agencies must maintain evidence of compliance with fed-
eral and state regulations, as well as fulfilling their obligations
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to this profession.

Highway engineers today are faced with the problem of
planning and constructing the largest public works program in
the history of the world. To meet the demands of this program,
more and better tools have been developed, and others will
follow. Photogrammetric mapping crowds months of field work
into a few short weeks. Electronic computing devices solve
earthwork and traverse problems in minutes. Industry is making
great strides in the development of high capacity equipment of
all kinds. Both earth-moving equipment and plant production
facilities are being enlarged to keep abreast of the construction
demands. The project engineer, even on city and county pro-
jects, is being engulfed by the sheer volume and speed of the
work. Heavier wheel loads and increased traffic use have re-
sulted in greater demands on the quality of our road and street
pavement designs. The magnitude of truck wheel loads and the
frequency of application have increased to such an extent that
one of the most critical problems in the public works field is the
construction of high quality roadways with the funds available.

We are faced here with discussing adequate construction
materials control and its value to the project. The term "ade-
quate materials control" refers to the two major aspects of the
use of construction materials. Both of these aspects must be
considered if we expect full value from the funds we spend.
From a materials engineer's point of view, both the quality of
the materials and the manner in which these materials are
placed are of equal importance.

SPECIFICATIONS

Specifications, including the special provisions for a pro-
ject, are the written descriptions of these materials and a descrip-
tion of how the materials are to be placed or are expected to per-
form after being placed. There are factual specifications to be
verified by tests and there are other specifications that are pro-
cedural. Procedures cannot be verified by laboratory testing, but
can be verified by observation. The number of passes a roller
makes is procedural. However, the weight of the roller and the
diameter of the rolls are factual.

MATERIALS CONTROL is one tool the project engineer
uses to insure compliance with the specifications. ADEQUATE
MATERIALS CONTROL is the proper use of this tool. Quali-
tative testing is performed on some materials before they enter

13



the work, and on others after they have been placed. The hard-
ness of the aggregate is tested before the rock is used. The den-
sity of the compacted aggregate layer, however, can be deter-
mined only after the rock has been processed by the contractor.
Both kinds of specifications must be clearly spelled out in the
special provisions.

The procedures required by the specifications, in many
cases, should be tested and verified. For instance, does the
number of passes required of the roller produce the necessary
density. If the contractor uses newly developed equipment or
processes, tests on the processed materials will furnish a basis
for acceptance or rejection. Some specifications omit any ref-
erence to procedures, and the manner in which the work Is per-
formed is not considered critical. The work or material, there-
fore, must be evaluated by end product testing. When the ma-
terial or the state of material fails to meet the requirements,
removal and replacement of the substandard material are nec-
essary.

The ultimate in this end result contracting has been used
in Europe. The contractor bids on the design, construction,
and maintenance of a roadway over a prescribed route. Gen-
eral criteria for geometric and grade design are specified. The
maintenance period may be for ten or fifteen years and, in a
sense, this serves as the test of the quality of construction.
European public agencies have found some success with this man-
ner of construction. Contractors, however, have found that
they must institute an adequate materials control program. The
specifications as written by these European contractors are
even more restrictive than those formerly used by the public
agencies.

As you can see from the materials testing point of view,
the specifications are extremely important documents. Form-
ulation and enforcement of these regulations require the dele-
gation and acceptance of many responsibilities.

RESPONSIBILITIES (DESIGN)

The designer's responsibility is to understand the sig-
nificance of the specifications and to know what is expected of
the materials and, particularly, to exclude those specifications
nor enforceable.
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PROJECT ENGINEER

The project engineer is responsible for enforcing the
specifications. The popular concept that the specifications are
only a guide is not only a miscarriage of intent, but it is an abor-
tion. It is the duty of the project engineer to enforce all spec-
ifications. Any requirement that does not apply should either be
excluded or amended.

MATERIALS LABORATORY

For the purpose of this discussion I shall refer to those
responsible for the physical performance of tests as the mate-
rials laboratory. In actual practice, those men conducting con-
trol tests at the project should be under the direction of the pro-
ject engineer. Without this chain of command much of the effect-
iveness of materials control is lost.

Advances made by the construction industry to perform
greater volumes of work indicate the need for qualified per son-
nel, properly equipped, who understand the importance of an
effective testing program. Many of the qualitative tests may be
performed by another division of the public agency, or at times
these tests may be performed by commercial testing firms. In
any event, tests performed away from the work site can present
hazard to the adequacy of the materials control program. With-
out the cooperation of the materials laboratory, the project engi-
neer has lost his most important quality control tool. The re-
sponsibility of the materials laboratory Is to determine the facts
and report them quickly and accurately to the project engineer.

CONTRACTOR

The contractor's responsibility is to understand the
specifications before he submits a bid and to protest any poorly
or unfairly written requirement before the bidding and not after
award of the contract. It is the contractor's responsibility to
investigate the materials he will be working with and to under-
stand how they will compare with the requirements of the speci-
fications. This may require the establishment by the contractor
of an adequate preliminary materials evaluation program.

DEPARTMENT HEAD

The largest share of responsibility must be assumed by
those in the highest positions in the various public agencies
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involved. The adequacy of any materials control program will
be a direct reflection of the views of the top echelon of any high-
way engineering organization. Whatever his titlecity engi-
neer, public works director, road commissionerthe top man
must recognize the necessity for control of materials. He must
arrange for sufficient allotments of money and manpower to im-
plement a control program. Finally, he must insist on compli-
ance with the standards established by his program.

Highway engineers and materials engineers are being
challenged to keep pace with progress. They must provide ad-
equate materials control programs to insure construction of
high quality, economical roadways. Highway engineers and ma-
terials engineers must meet this challenge with ingenuity and
resourcefulness.
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ADEQUATE CONSTRUCTION CONTROL
Acceptable Deviation

H. L. Day

In preparing this paper on acceptable deviation as related
to adequate construction control, I have undertaken to examine
deviations from plans or specifications in pavement construction
materials from the standpoint of thickness or depth, percent
compaction, and sieve analysis and sand equivalent. The data
presented were taken from construction records for 1960 and
1961, or since the beginning of the record sampling procedures
instituted in June of 1960.

Prior to the inception of the engineering audit of con-
struction practices, the Idaho Department of Highways made
little effort to check the depth of base and surfacing materials
placed on the roadbed. Grade stakes or "blue tops" were placed
at 100-foot intervals along centerline for subgrade and for each
base course on interstate, primary, and state secondary high-
way construction. It was assumed that if grade were maintained
at these stakes the required thickness of base would be obtained.
On county secondary road construction, grade stakes were
placed as far apart as ZOO feet, or not used at all, depending up-
on the amount of engineering money available. In these cases
the "pull" method of aggregate spreading was relied upon to
obtain the required depth. The only occasions which warranted
a post-construction audit were those which involved roadway
failure which occurred prematurely in the life of the road. In
these instances it was our practice to make a rather thorough
condition survey to measure both the quantity and quality of the
material in place. Since we have been made critically aware of
the need to document construction activities, our methods of ob-
taining and checking the required depth have changed to meet the
need.

On construction of interstate, primary, and state sec-
ondary highways, it is now the practice to blue-top the subgrade
and each course of base at 50-foot intervals. In some instances,
as the need arises, this distance is shortened to Z5 feet. On
federal aid secondary projects, however, we are still faced with
the problem of not having enough engineering construction funds
to apply the same standards. Therefore in these cases we still
use the "pull" method of aggregate distribution supplemented
whenever possible by placing grade stakes at intervals of ZOO
feet.
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The "pull" method of aggregate placement depends upon
the estimate of the unit weight of aggregate for its accuracy. We
put our faith in the validity of laboratory test data for unit weight
which is based on a 2-1/2 pound preliminary sample prepared to
our conception of the aggregate the contractor will manufacture.
To date we have been fortunate in that errors which could be
attributed to incorrect unit weights appear to be slightly in favor
of over-depth.

In August of 1960, we adopted a schedule of depth toler-
ances or deviations which were to be applied to record sample
measurements. This schedule has concurrence from the divi-
sion office of the B.P.R. The values listed in the following
table represent the consensus among staff engineers as to what
constitutes reasonable deviation, taking into consideration errors
inherent in staking the pavement section and in the contractor's
operations in placing materials.

Table 1.
Allowable Deviations in Depth

Maximum
Average deviation - individual

Material deviation test
in. ft in. ft

Portland cement
concrete 1/4 0.02 1/2 0.04

Plantmix 1/4 0.02 lIz 0.04
Roadmix 3/8 0.03 3/4 0.06
Treatedbase 1/2 0.04 3/4 0.06
Untreated base

(Total of all
courses) 1 0.08 2 0.17

Selectbase 1-1/4 0.10 2-1/2 0.20

We have attempted to analyze depth measurement data
from several projects which are representative of construction
through the state and have presented these data in the form of
normal distribution curves. The curves are shown in Figures 1
through 4 for measurements made in 1960 and 1961 for depths of
untreated base and depths of plantmix surface. The number of
tests available for 1960 are considerably fewer than for 1961.
It appears, however, that the control in 1961 was somewhat
tighter than in 1960. As you might expect, we achieved greater
uniformity in controlling the depth of plantmixed bituminous sur-
facing than we did with untreated aggregate bases. A definite
skew to the right or to the over-depth side is evident in all of the
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normal distribution curves. This is gratifying to a certain ex-
tent, but too wide a spread on the plus side is as indicative of
poor practice as similar deviation on the minus side.

We have plotted on the normal distribution curves the
allowable average and individual test deviations. These limit-
ing values are indicated on the minus or under-depth side only
since a lack of thickness was our principal concern in making up
the schedule. The data indicate that the majority of the tests
were well within the average tolerance, and that almost all of
the samples were within the individual allowance. There are
the inevitable few, however, which fall below the rather gen-
erous allowance for the individual measurement.

It is our practice to investigate such deviations beyond
the allowable limits as soon as the first measurement is taken.
Central laboratory personnel who take these measurements
check the depth one station ahead and one station back of the
area which appears to be shallow. If these supplemental meas-
urements prove to be adequate, we consider that the deficiency
is local and not serious. Should the additional measurements
confirm the under-depth, the matter is referred immediately to
district construction personnel who are expected to take reme-
dial action.

As a matter of routine, the width of the roadway section
is checked whenever there appears to be a serious deviation in
thickness either above or below the specified requirement.

When our record sample teams obtain depth measure-
ments in base courses, they also obtain samples for sieve
analysis and sand equivalent tests. At the beginning of the pro-
gram we attempted to take large representative samples of the
material in place so that the gradations and sand equivalents
could be marked as 'acceptable' or "rejected" under the same
standards as the control samples. We soon discovered, how-
ever, that spreading, mixing, and compacting the material on
the road caused degradation of the aggregate, resulting in an
increase of from 2 to 4 percent in the sand equivalent. There-
fore, with the concurrence of the division office of the Bureau
of Public Roads, we decided to run sieve analysis and sand
equivalent on in-place samples for information only.

Early in 1961, the B.P.R. published an amendment to
its record sample instruction memorandum which amplified the
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provisions of the latter. Under the terms of this supplemental
publication we were permitted to establish record sampling at
the point of aggregate production, if this was the point at which
the material was accepted for payment. Since this is the case
in Idaho, we have now shifted a portion of the record sampling
work load to district personnel who are not directly responsible
for project control. These people obtain record samples of ag-
gregates at the crushing plants, run determinations of earth-
work density, and inspect plant facilities for concrete, aggre-
gates, and plant mix. Headquarters personnel are then left
with the job of obtaining depth checks and samples of material
in place. In making official acceptance of or rejection of tests
for sand equivalent, gradation, and density, we are applying a
set of testing tolerances or deviations which were developed in
the central laboratory on the basis of the repeatability of the
individual tests. These tolerances are shown in Table 2.

Table 2.
THn, T1,vneps

Gradation
Percent allowed outside of

specification limits
Sieve:

3 in. through 1 in.
3/4 in. through No. 4
No. 10 through No. ZOO

3

2

Sand equivalent Minus percent
Material:

Concrete aggregate
Base and surfacing

4
2

Earthwork compaction Minus percent
AASHOT-99
Vibrator standard

2

4

If the test results for a record sample fall outside of
these tolerances we are expected to explain the deviation in the
record certification letter which is prepared at the completion of
each project.

In attempting to document these failures, two courses of
action are usually open to us: First, if the project has not been
completed at the time the failure is noted, and we have an op-
portunity to do so, we resample the material in place in the area
adjacent to the one which is represented by the offending material.
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Lacking this opportunity, we must take recourse to the field tests
which have been run daily during the production of the material in
question. Usually a close examination of the inspector's records
will indicate whether or not the failing tests represent the ma-
terial produced or whether it is an exception.

In the case of aggregate gradation failures, we have de-
vised a method whereby all the test data are presented in graph-
ical form for quick review. We believe that this method is
superior to one which involves a detailed examination of data
presented in tabular form. The example which appears in Figure
5 shows a plot of test data for 3/4-inch maximum crushed aggre-
gate base for the 3/4-inch, No. 4, No. 10, and No. ZOO sieves.
This example has been set up to illustrate an instance where we
are obliged to document a failing in-place record sample. The
sample was taken on August 17, and shows a deviation from
specifications on the No. 10 and No. 4 sieves. The chart shows
a plot of all the field tests run from 8-16 through 8-19. It also
indicates the control samples and the production record samples
which were taken during this same period. All the data tend to
indicate that the in-place record sample gradation was not rep-
resentative of the material produced, a fact which may be at-
tributed to degradation or segregation.

This form of documentation has received the approba-
tion of our field engineers to the extent that we are in the process
of modifying the standard report form for field control of aggre-
gate production. This new report form, instead of showing sieve
analysis results in tabular form, will provide the chart necessary
for recording the data in a manner similar to that shown in Fig-
ure 5. The inspector and the resident engineer will then have a
running record of the material as it is produced, and there will
be no need for recapitulation at the end of the project.

it is possible, of course, to record the sand equivalent
data on the same chart that is used for aggregates. It is also
possible to make a similar approach to the problem of documented
record density test results. All of these forms of recording test
data are an elemental approach to a statistical analysis of test
results. In my opinion, we place too much emphasis upon the
individual test in approving or condemning a piece of work. The
occasional failure is not an anomaly when considered in proper
relation to all of the test results. On the contrary, it should be
expected and taken into consideration. It is my fond hope that in
the near future we will be able to adopt quality control speci-
fications which will enable us to make a rational approach to the
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problems of materials control to the extent that we will strive
for uniformity within the specifications and accept the occasional
deviation as part and parcel of any normal construction operation.
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ADEOUATE CONSTRUCTION CONTROL
Project Supervision

Proper Specifications and Construction Inspection

Tom Edwards

There was a time when it was firmly believed by a num-
ber of field engineers that the proper place for job specifications
was safely tucked away in a drawerout of the way. A good
mutual understanding between the engineer and the contractor as
to what constituted a good job was the order of the day.

This has produced some good highways, and also has pro-
duced some failures. The fact that the average highway project
today involves the use of more material for each mile of road
built increases the likelihood of more frequent and even more
spectacular failures. There is too much money involved in to-
day's projects to allow such a procedure to continue in operation.

Today's project must have a background of thorough en-
gineering investigation and testing, and a set of specifications to
assure that the job is properly constructed. The specifications
must be adequate, readable (and understandable) and, above all,
realistic.

The purpose of the specification should be to insure that
the finished product is the best and most usable facility consist-
ent with practical economics. To insure this, these specifications
must avoid ambiguity and be completely understandable by both
contractor and project engineer. Anything else leads to confu-
sion, extra costs, delays in job progress, and increased costs
to both contractor and owner. This confusion leads to public
criticism and all-around bad publicity, as well as claims for
extra compensation by the contractor.

Specifications must be realistic. A specification which
makes unreasonable demands in methods, materials, or end
results, not only leads to increased costs, but tends to promote
disregard for specifications in general. In its worst form, this
leads to loss of job control and a situation which is entirely
untenable.

Allowance must be made in the specifications for the
conditions that will be encountered on the particular project in
question. Where native material is known to be inferior, proper
steps must be taken to insure that the specifications are written
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so that inferior material may be disposed of or utilized in a man-
ner which is not detrimental to the finished product.

In order to enforce the specifications, contract super-
vision and inspection must be assigned to the project. It has
been our experience that contractors want to do a good job,
even if it comes to the hard choice of doing a poor job or losing
money. Construction inspectors must be of the highest integrity
and well trained. A delegation of authority to the project engi-
neer and inspectors must be made and administered in a manner
to instill confidence in themselves and to promote a general high
level of good morale. Without this feeling of "pride of workman-
ship" there cannot be a satisfactory result.

A project engineer should be selected with care, as it is
his responsibility to obtain the results envisioned by the plans
and contract documents. He is the keystone of the project or-
ganization. All important instructions given the contractor by
the project engineer should be given in writing or confirmed in
writing, and become a part of the job file. He also should
maintain a job diary listing all major actions, events, decisions,
equipment operating, accomplishment, weather, and personnel
assignments in a concise, accurate, and factual form.

It is a prime responsibility of the project engineer to
insure that no material goes into the project that has not been
determined by test or certification as satisfactory for use under
the specifications.

The checking of material quantities delivered and incor-
porated into a project has always been a problem and will con-
tinue to be. However, some fundamental built-in safeguards
should be observed. Materials which are paid for on a weight
basis should be weighed only on tested or certified scales.
Weighing of individual loads shall be done only in the presence of
a state inspector, with the weigh ticket being signed by him.
Validation of the materials receipt should require the action of
two state inspectors; one at the point of loading and one at the
point of delivery. Information furnished on the haul ticket should
state the type of material, amount, identification of delivery ve-
hicle, date, project, and point of deposit. Material receipts
should be serially numbered, with strict accounting made for
each receipt, whether used or unused. All material receipts
validated by project personnel representing materials accepted
and incorporated should be turned in at the end of each work day
period to the project engineer and a reconciliation made at that
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time between quantities checked at the point of loading or weighing
and quantities received on the road. When material is paid for
on the volume basis in the transporting vehicle, the project
checker shall record the size of the hauling vehicle by dimensions
and take care that the proper volume is actually being delivered.
Partially filled loads should be rejected or returned to the loading
point to be completed.

It is extremely important that only personnel of the high-.
est integrity be employed as materials checkers. The project
engineer, during the course of the project, should, by personal
observation, determine that the system used for the receiving of
materials and receipting for them is not breaking down. He
should constantly spot-check the performance of his materials
inspectors.

Dimensional variations from specifications are not too
difficult to control. Where thickness is a matter requiring con-
trol and measurement, such as in surfacing, it is well to pay
for the item by weight or volume where possible. Thicknesses
shown on the plans should be indicated as nominal, with an
allowable tolerance indicated. The tolerance should be con-
sistent with the economics involved, taking into account the re-
quirements of design and capabilities of construction equipment,
and consistent with obtaining a satisfactory finished product.
Rowever, even in those cases where the material is paid for by
volume or weight, the inspecting force must be alert and en-
deavor to obtain the thickness named. When Portland cement
concrete pavement is the pay item and is paid for by the square
yard, tolerance limits are particularly important and quite nar-
row, and the specifications should take cognizance of the course
of action to be followed if the thickness of pavement does not
fall within the tolerance limits.

Modern paving techniques and equipment capacities on
paving jobs have increased output to the extent that it puts a
demand on the contracting agency to have sufficient personnel
upon the job to make all necessary checks during the progress
of the work. There is no effective substitute for skilled in-
spection and workmanship during the time that paving and fin-
ishing operations are under way. Any attempt to correct poor
finishing to meet allowed tolerances generally produces sub-
standard results.

Quality control can be obtained only by quality inspec.-
tion in sufficient quantity. The old adage that an inspector
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should wear out the knees of his pants and not the seat, is still
true. It is the surface of highways and bridges that the public
sees and rides upon. Every effort should be made to finish
these in such a manner as to present a pleasing appearance and
riding quality.

There are some sound general guides which can be used
in setting the project procedures for the earthwork segment of a
project. Specifications covering density requirements should
be realistic. Densities should never be specified that are im-
possible to achieve within the characteristics of the material
and the weather conditions, or in excess of the requirements of
design. Such requirements invite deviation from the specifica-
tions and make it impossible for the inspector to do his job ef-
fectively. It is suggested that ease of operation can be achieved
by calling earthwork bids on a single classification basis. This
can be modified by calling for bids between definite station limits
where clear-cut changes in classification occur.

It is obvious, of course, that clear delineation should be
made among the various types of excavation entering into the
worksuch as embankment foundation excavation, trench exca-
vation, structural excavation, and drainage excavation. Spe-
cifically noting the types of excavation on the plans will serve to
eliminate questions of type of classification at the completion of
the work. Effective checks and double-checks on methods for
estimating the grading quantities should include the following:

1. Initiate procedures for comparison of constructed
quantities against preliminary.

Z. Have sufficient soil characteristics tests made prior
to construction to develop realistic shrinkage or swell factors.
By so doing, it will insure that the balance of the finished job
will be similar to the job contemplated at the time of contract-
ing.

3. Require a written explanation from the project en-
gineer for significant variances in the final estimate quantities
from the planned quantities.

4. Require earthwork computations at the project level,
at the district level, and spot-check at headquarters level before
payment of final estimate.

In view of todayTs high-speed construction of earthwork,
it is necessary that density checks of embankments be taken
regularly and their results made known expeditiously in order to
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insure that specified density is being obtained. They should be
made in such a manner so as not to delay the contractor's work.
Field tests should be conducted by personnel properly trained.
There should be provision made for spot-checks at intervals by
inspectors from district or headquarters level. In order to not
hold up the contractor's operation, the formal testing program
must be supplemented by continued use of visual examination
and possible proof-roiling. The inspector on an earthwork
project must carefully control the depth of the lifts in which ma-
terial is placed, the moisure content, and the application of the
compactive effort.

The inspector on earthwork should keep a diary of the
day's activities and a full record of his density checks and the
re suits.

Since embankment failures are a major highway disaster,
it is essential that the design should contain a factor of safety,
and quality inspection be practiced to insure that the design
strengths of materials are achieved.

Installation of adequate sub-drainage systems will become
increasingly important if we are forced to marginal or some-
what unstable areas for highway locations. There are many
solutions to embankment foundation problems. They are subject
to change from that shown on the plans as the work progresses
and the need becomes evident from the conditions encountered.
After the treatment has been decided upon by the project engi-
neer, an inspector must be present during placement of the ma-
terial to ascertain the amounts used and that the installation is
correctly positioned. He shall also record in his notes the true
final location of any sub-drainage system. It is further recom-
mended that the project engineer require that adequate photo-
graphs be taken as the work progresses, since the work is not
visible after it is completed.

Construction of satisfactory flexible surfacings requires
that control should start at the bottom. After it has been de-
termined that a satisfactory subgrade, true to line, grade, and
width is available, the construction of surfacing may be started
in specified lifts. If the subgrade is irregular, either in grade
or cross sections, the same characteristics will, to some
degree, be transferred to the finished pavement. During the
placement of the base materials to the specified layer thick-
ness, checks must be made to see that proper compactive effort
is being applied.
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Appropriate density tests should be required to be taken
by competent project personnel. Any deficiency in density in
the base course should be detected during this operation and the
condition corrected. Special care must be exercised to ade-
quately and accurately finish the base surface immediately be-
low the bituminous concrete. One of the fallacies of asphaltic
concrete pavement construction is the belief that the paving
machine, in its present state of development, will take out the
humps and hollows. This is not true, and it should be pointed
out that procedures based on this assumption will result in pave-
ment thicknesses outside of tolerance limits. It cannot be
stressed too strongly that the riding characteristics of the pave-
ment will truly reflect the shape of the binder course prior to
placing of the pavement. Inspection necessary to oversee the
construction of surfacing operations should be of the very high-
est type.

Construction practices with respect to structures are
somewhat more clear-cut than those of converting native raw
materials into a roadbed and surfacing for highway travel.
Here, again, however, there should be no laxity in inspection.
Project procedures should be such that bearing power of foun-
dations be determined with certainty. You are well aware that
there is no second-guessing at this stage of the work. Suf-
ficient inspection must be provided to the end that steel is
properly placed after being tested to meet the strength and var-
ious other specifications by which it is controlled. Forms for
concrete should be good, smooth, and strong to the point nec-
essary to insure neat, clean-cut,finished surfaces. Aggregates
should be properly tested, screened, and sized to permit full
control of the mix. Cement should be tested and used in suf-
ficient quantity to the end that dry or harsh mixes need not be
used to secure adequate strength.

All of you are quite familiar, no doubt, with the details
of the record sampling program which has been initiated. This
is the "moment of truth. ' Record sampling should be done by
specialized crews who should be thoroughly intent on determining
the actual characteristics of the final product. If good project
procedures have been followed, no deficiencies will be found. If
any do occur, then an immediate examination of construction
practices should follow, and the necessary steps taken to bring
troublesome items under control.

In conclusion, I wish to remind you that construction
people, whether employed by the contractor or by the engineering
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forces, have built up a reputation over the past years as being
honest, conscientious, dedicated individuals. Any system of
checks or balances should be designed to preserve this integ-
rity. Serious thought should be given prior to making changes
in procedures which have proved prudent through many years.
Care should be taken to avoid multiplicity of forms, unfortu-
nate or ambiguous language in specifications, nonuniformity of
practices, and lack of faith in construction personnel to the end
that resentments, ill will, and indolence will not occur.
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ADEQUATE CONSTRUCTION CONTROL
s Viewpoint

Leonard A. Runkle

As the firm with which I am associated is primarily en-
gaged in heavy and highway construction, I will direct my re-
marks to that particular type of construction.

In the past it has been considered the prerogative and the
responsibility of the architect or the owner to maintain the
proper quality control of the project. I believe, however, that
at long last our industry is coming of age and the contractor is,
or should be, assuming the rightful role of not only completing
the project in the shortest possible time, but also of delivering
a finished product that is the best possible to produce.

The importance of proper control of the project, not
only in quality but schedule, is becoming paramount. Due to the
ever increasing cost of operation, it is not only desirable but
absolutely essential to exercise the best control of the job that
is possible.

The complexity and high cost of our equipment makes it
mandatory that it be utilized in the manner which the manufac-
turer intended. We can no longer fail to keep our haul roads in
the best possible condition nor neglect the condition of the pit.
When our equipment cost is in excess of $50, 000 per unit, and
is designed to travel 30 to 40 miles an hour, we cannot limit its
capacity by failing to provide proper conditions under which to
operate.

Getting back to quality control of the projects that we
contract to perform for the state, government, or any other
agency, or an individual for that matter who may not be in as
good a position to adequately inspect the job as an agency that
has proper facilities to handle that aspect of the work, we should,
as responsible contractors, police our own work to assure a
completed job in every respect that will give the public or private
owner true value for each dollar expended.

The contractor must plan his job in a manner that not
only maintains a schedule, but also produces a quality product
that will stand the test of time and service. The old method of
construction practice that was employed a few years ago was
good enough for the load factor of that time, but it is not good
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enough for this age. Eighty-five percent density of the embank-
ment and 6 inches of pit_run base rock may have been adequate
in the Model T days, but Model T's are not on our highways now.
As our highways are being subjected to heavier and heavier traf-
fic loads, both in weight and speed, it is absolutely essential that
our roads and structures be designed and built to higher standards
than ever before. Today's highway construction standards demand
better subgrade construction, with a well graded base and leveling
course and a well designed surface to withstand the loads.

As Harold McKeever has said in one of our trade publica-
tions, "There is no mysterious formula for getting roads built
properly, just common sense and down to earth practices. It
requires a chain of command and proper communication from the
top management to the very last man on the job to gain the ob-
jective that we should be striving for.

The technological know-how is available to build the best
highway system of all time, but if it is not used, through neglect
or indifference by the industry, we all are the losers.

With the congressional investigating committee turning
up some shady construction in some parts of our nation, (I would
like to state here that I believe this has been over emphasized
and blown up out of all reasonable proportions) it behooves all of
us, contractors and highway agencies alike, to take special care
to assure the closest adherence to the specifications as is pos-
sible.

There are a few suggestions to the several agencies for
whom we contract to do construction regarding some items that
are of real concern to us as contractors. The subject of speci-
fication uniformity is an item that has been discussed many times
and some progress has been made along this line, but much
could be accomplished in this field if, in a spirit of cooperation,
we would put forth enough effort to really go into the subject.

Another item that would make for better control of our
projects would be the expediting of change orders by the agency
that lets the work. While I believe in handling matters in a
business-like way, through channels, it would greatly aid the
contractor to get prompt action on any changes or modifications
of the contract. Also, it is desirable, and I believe essential,
to have as much authority vested in the resident engineer as is
possible under the present regulations. This, of course, applies
to the contractor's representative as well.
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A real help to us as contractors, and to the industry as
a whole, is the newly developed method of testing density of ma-
terials. It has materially speeded up the operation on embank-
ment and surfacing construction on the project. I realize that
many new techniques are being used in the testing of materials
of all kinds but, as I previously stated, I will endeavor to keep
my remarks in the field of excavating and surfacing.

One of the most important aspects of construction con-
trol is the proper traffic pattern through the project while it is
under construction. Adequate detours should be designed by the
owners and constructed and maintained in a manner that will
allow the public to travel through the project with the very min-
imum of inconvenience because, after all, the public is the con-
sumer in this case and should be given every consideration that
is possible.
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ADEQUATE CONSTRUCTION CONTROL
Records

E. C. Simpson

Webster defines the word "record" as . to commit
to writing, to printing, to inscription or the like; to make an
official note of, to write, transcribe or enter in a book or on
parchment for the purpose of preserving authentic evidence of."

When Mr. Webster wrote this definition it is doubtful
that he had in mind the voluminous quantity of records and doc-
uments required to preserve authentic evidence of a highway
contruction contract. There is no question, however, that his
definition adequately covers the field of contract records.

In order to preserve authentic evidence of satisfactory
completion of a highway construction contract, it is necessary
that the following records be kept:

1. A history of the events occurring during the life of
the contract, including the diaries and photographic records.

2. Adequate documentation of any changes In the con-
tract plans or provisions.

3. A record of tests made to insure that materials in-
corporated in the work meet all requirements of the specifica-
tions.

4. A record of the quantities of materials incorporated
in the work, including weigh slips, delivery records, etc. These
records must also authenticate the method of measurement of
the various quantities.

5. A record must be made of Tas_builtt dimensions of
the completed project, including such features as pavement and
surfacing depths and measurement of the dimensions of the road-
way and structures.

All the records and documents listed above serve to sup-
port the measurements and computations of all quantities in-
volved on a project for which payment is made, and to indicate
that all materials entering into the construction meet the require-
ments of the specifications. All records should be complete and
detailed enough to allow subsequent auditing and checking by
competent personnel for the purpose of determining that the pro-
ject was built in accordance with the specifications, and that the
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contractor was paid properly for the work performed.

With respect to specific records, I would like to empha-
size here the importance and value of a complete diary. The
resident engineer's diary, together with the photographic record
and other documents, records the history of the project. It is
important therefore that the diary be complete and detailed
enough so that any authorized person may subsequently review
the records and follow the course of events leading to the com-
pletion of the contract or of any particular item of the contract
work. Each day's entry in the diary should record the weather
conditions affecting the work, location and activities of major
pieces of equipment involved in the work, a record of important
conversations between the engineer and contractor, including
any order Is sued to the contractor. It is important that the
engineer show by name the person with whom these important
conversations were held and to whom verbal orders were
Issued. In addition, the engineer must enter in his diary a
record of any unusual conditions or occurrences affecting the
course of the work.

Anyone who has had the experience of investigating con-
tract records in connection with subsequent claims of a con-
tractor will agree, we think, that a complete and concise diary
is invaluable to the investigator.

A record must be made of all changes In the contract
plans or provisions. Any major change from the contract doc-
uments should be approved in writing prior to beginning the
work affected. Minor changes which are incidental and normal
to the type of work involved will be documented in the final
records for the project.

In the Washington Highway Department, we have dis-
continued the use of the old progress profile and have substituted
the refer a system of revising the contract plans to show the
project as built in the final records. We have found that con-
siderable time and expense have been saved by the elimination
of the progress profile from the final records.

The contract records must contain documents showing
the results of tests performed upon the various materials in-
corporated in the work to verify that these materials met all
requirements of the specifications. It is the responsibility of
the resident engineer to see that the required number of control
samples are submitted to the central laboratory for testing in



order that the quality of the materials may be verified adequately
in the records. We recommend a procedure whereby the central
laboratory advises the resident engineer, prior to beginning of
the work, of the number of control samples of each material re-
quired for testing.

When so-called end-product specifications are included
to control the quality of the work, it is essential that the contract
records contain evidence of adequate testing and satisfactory re-
sults. For example, when in_place density and moisture require-
ments are included for control of embankment compaction, the
resident engineer's records must show that an adequate number
of tests were made to insure that all portions of earthwork em-
bankments met the requirements of the specifications.

In order to support adequately the quantities for which
the contractor is paid, the contract records must be sufficient
to verify that all quantities of materials and items of work for
which the contractor was paid were actually incorporated in the
work. When materials are paid for on the basis of weight, the
records must show not only that the materials were weighed in
the manner specified, but also must verify that all quantities
were actually delivered to the project. Whenever possible, we
try to avoid paying for materials on the basis of volume as de-
livered by truck due to the difficulty of verifying adequately the
quantities actually placed on the roadway.

On federal aid projects, the Bureau of Public Roads cur-
rently requires a so-called final record inspection, at which
time samples and measurements are taken of the completed road-
way to verify that the roadway dimensions, pavement and sur-
facing depths and, to some degree, quality of materials incor-
porated in the work meet all requirements of plans and speci-
fications. A record of the results of this inspection and sam-
pling is included In the contract records.

In order that we may avoid situations where deficiencies
are discovered after It is too late for corrective measures to be
taken, we require that our resident engineers make appropriate
measurements of such items as surfacing and pavement depths
during the construction of each item. A record is made of these
measurements and incorporated in the contract records. For
example, measurements are taken of surfacing depths immedi-
ately prior to the placement of the pavement and records of
these measurements are included in the inspector's notebook or
diary.



The Washington State Department of Highways is current-
ly following virtually all of the recommendations made by the
American Association of State Highway Officials in their pam-
phlet entitled 'An Informational Guide on Project Procedures,
published November Z6, 1960, as these recommendations are
related to quantity and quality control procedures and records.

To summarize this discussion of the purpose and extent
of records required for highway construction projects, I be-
lieve we can say that there are three basic reasons for keeping
these records:

1. The records serve as a history of the construction
work as well as a written record of engineering decisions and
of changes in the original contract plans and specifications.

2. Contract records form the basis for the computa-
tion and determination of quantities of materials and work for
which the contractor is paid.

3. They serve as a record verifying that the completed
highway or structure was built in conformance with the plans
and specifications applicable.
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NEW MATERIALS AND METHODS
New Grades of Liquid Asphalt

L. R. Lovering

New grades of liquid asphalt were developed through a
cooperative effort of both user and producer groups. At the
Third Pacific Coast Conference on Asphalt Specifications held
in San Francisco on October 12-13, 1959, a new set of liquid
asphalt grades was developed to cover the entire range of engi-
neering usage. These grades were accepted on a provisional
basis for further study, and a proposal to modify the penetra-
tion limits on the MC residue from distillation was adopted.

Specification changes required for the new grades were
then developed by the producers, based on agreements reached
during the Third Conference, and on May 10-11, 1961, a Fourth
Pacific Coast Conference on Asphalt Specifications was held in
San Francisco. Those present included representatives of the
state highway departments of Arizona, California, Idaho, Ne-
vada, and Washington; Bureau of Public Roads; Corps of Engi-
neers; and the County Engineers! Association of California from
the userst group. The producers' group included represent-
atives of 15 asphalt producers who manufacture or market in the
western states.

At this conference, the user group, with the Bureau of
Public Roads and Corps of Engineers abstaining, voted unani-
mously to adopt the following:

1. The proposed Modified Grades of Liquid
Asphalt.

2. The kinematic method of measuring vis-
cosity for these grades with the SSF
method retained as an alternate. Tem-
perature at which SSF determinations
would be made to be 122°F, 140°F, and
180°F.

3. Viscosity limits as proposed at the Third
Conference.

4. Adoption of the Modified Grades of Liquid
Asphalt to be effective January 1, 1962.

A vote of the producers' group was then taken which In-
dicated that the producers were in agreement with the action
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taken by the users.

Nomenclature to be used was then discussed and it was
decided that the new grades would be designated by type, using
the same letters as previous specifications, and by grade, using
the lower limit of the viscosity range.

Minor differences of opinion regarding specification limits
were resolved by a committee appointed by the chairman, and
the specification limits were adopted.

The new grades as adopted are as follows

SC-70 SC-250 SC-800 SC-3000
MC-70 MC-250 MC-800 MC-3000
RC-70 RC-.Z50 RC-800 MC-3000

The only change which has been made by the new spec-
ifications is in the viscosities of the various grades. The new
specifications include four grades of each type, with a definite
or well defined gap between each of the successive grades.
Also, the band of viscosity for each individual grade has been
generally narrowed to produce greater uniformity between
grades. A comparison of the new viscosity limits with the old
limits is shown graphically on Chart 1.

As stated before, the grade designation is by the mini-
mum kinematic viscosity at 140 degrees, and in each case the
maximum viscosity is equal to twice the minimum. Limits
chosen were selected to fit the desired construction uses of the
liquid asphalts. An important feature is that the kinematic vis-
cosity used makes it possible to represent all the grades on a
continuous scale so that the relationship between the various
grades is more readily apparent. The new specifications change
in no way the difference among the three types of liquid asphalt.

As before, the SC grades represent a residual asphalt
and contain asphalts, oils, and generally all of the various con-
stituents up to the distillation points required to produce a par-
ticular grade. For this reason, these grades will harden much
more slowly and will, a least for a considerable period of time,
leave a softer residue in the mix than is the case with the other
types.

The MC grades will, as before, consist of paving asphalt
of about 120-150 penetration thinned with a cutter stock similar
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to kerosene. This type will set up more rapidly than the Sc,
and will leave a somewhat harder residue on the aggregate.
This residue should, in a short time, approach the 1ZO-150

asphalt which was used as the base stock.

The RC grades consist of 85-100 penetration asphalt,
thinned with a more volatile cutter stock similar to naptha or
gasoline. Because of the greater volatility of the cutter stock,
the RC grades will usually harden more rapidly than either the
SC or the MC to a product at least approaching the original base
asphalt of 85-100 penetration.

Relative setting or curing rates of these various types of
liquid asphalt will, to some extent, be influenced by the thick-
ness of film used in the particular application and, of course,
the prevailing climate in the area. For example, an RC cutback
placed in a relatively thick film may not actually cure any more
rapidly, or possibly not even as fast, as an MC because of a
tendency to form a surface skin due to the rapid evaporation of
the solvent close to the surface.

SELECTION OF GRADE FOR A PARTICULAR USE

In selecting a grade of asphalt for a particular construc-
tion use, it will be necessary as before to consider:

1. Base asphalt desired or required for the particular
aggregate grading used.

2. Rate of curing to fit a particular construction need.

3. Consistency required to obtain a uniform mix with
the equipment to be used or the depth of penetration desired if
penetration treatment is used.

Since the rate of curing, and also the hardening of the
asphalt after the cutter stock is evaporated, is affected by the
climate of the area in which the material is used, and also be-
cause the mixing temperature which can be obtained will bear a
distinct relationship to the climate, these factors must be con-
sidered in selecting a liquid asphalt for a specific purpose.

USES FOR THE VARIOUS GRADES

Grade 70. This grade is provided primarily for use as a
prime coat, taking the place of Grade 1 of the old specifications.
For this use, SC-70 would normally be used for fine graded or
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tightly bound bases, and MC-70, or possibly in extreme condi-
tions, RC-70, would be used for fine graded but more open ma-
terials, such as relatively clean sands.

This grade may also be used for surface application for
lightly traveled roads where a light wearing course may be ob-
tained by penetration treatment. Use for this purpose would,
again, be restricted to the finer materials in which a light liquid
asphalt is required in order to obtain the penetration desired.

As for the prime coat, SC-70 normally should be used
for materials high in passing the No. 200 and MC-70, or pos-
sibly RC-70 should be used for the more open soils which are
relatively low in passing No. ZOO.

If the prime coat is to be followed by a chip seal, the use
of SC should be avoided as the oily fractions contained in the SC
grade may result in a softening of the sealcoat asphalt and re-
sult in loss of chips.

SC-70 or MC-70 also may be used as a fog seal or re-
juvenation treatment for badly weathered pavements. In gen-
eral, this use will be restricted to desert areas or regions where
the climate is such that relatively rapid hardening of the asphalt
may occur.

Grade 250. Grades 250 and 800 are the road mixing
grades. Grade 250 should be used for road mixing with finely
graded aggregates and soils at normal mixing temperatures. It
also may be advisable to use grade 250 for the coarser aggre-
gates if mixing temperatures are low. This grade will cover the
uses previously assigned to grade 2.

SC-250 will provide sufficiently high cohesion for ma-
terials high in passing No. ZOO sieve, and also will permit a
somewhat longer mixing period than will be available with MC or
RC -250.

RC-250 should be used for fine sands with less than ap-
proximately 10 percent passing the No. ZOO sieve in order to
obtain a sufficiently heavy base asphalt to provide the necessary
cohesion.

MC-25O is suitable for fine soil intermediate between
these two extremes.
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The Z50-grade may also be used for a prime coat or a
penetration treatment in lieu of the 70 grade if the material to
be treated is a relatively coarse, open-graded aggregate where
depth of penetration is not a problem and the coarseness of the
grading requires a heavier grade of asphalt to provide the nec-
essary bond or cohesion.

Maintenance patching mix, which is to be stored in stock-
piles for long periods of time before use, should be made with
SC-Z50 to prevent or minimize caking or excessive hardening
during storage.

Grade 800. Grade 800 is suitable for road mixing with
graded aggregates during favorable mixing temperatures,
covering the upper range of the old 3 grade and the lower range
of the old 4 grade. Atmospheric temperatures above 70 degrees
F, which would give a windrow mixing temperature of about 90
degrees F, would normally be considered satisfactory. The
choice of MC, SC, or RC for this purpose will be influenced
largely by the prevailing climatic conditions, as well as the
actual grading of the aggregate. In the more northern climates
where evaporation of the cutback solvents is less rapid, the MC,
or even the RC grades will generally give best results. In the
southern areas or desert regions, sc grade should be given
first consideration. This grade also may be used for plant mix
surfacing, which will have to be placed cold. It should not be
used, however, for materials which will be held in stockpile
for any length of time unless prevailing temperatures are quite
high. If used for this purpose, the SC grade will set up less
solidly in the stockpile and, for this reason, will be preferred
to the MC grade.

Grade 3000. Grade 3000 is primarily the sealcoat
grade. RC-3000 or MC-3000 is the better choice for this pur-
pose. If the SC grade is used, It will be somewhat slow in set-
ting and, except for very light traffic volumes, loss of chips may
be expected.

The SC-3000 or MC-3000 may be used for plant mix sur-
facing for placing in colder weather or when a fairly long delay
will occur between mixing and placing. It ordinarily will be nec-
essary, however, to place this material before it has cooled and,
if the delay is long enough for the mix to cool completely, one of
the softer grades should be used.

The RC cutbacks are not recommended for plant mixing
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due to the fire hazard which results when the liquid asphalt is
placed on the hot aggregates.

A summary of the new specifications is shown in Chart
2. If testing equipment is not available for measuring the kine-
matic viscosity, the following SSF viscosity limits may be used
as an alternate:

Grade

Kinematic viscosity
at 140°F, cs
Viscosity at
140°F, SSF

Viscosity at
122°F, SSF

Viscosity at
180°F, SSF

70 250 800 3000

70-140 250-500 800-1600 3000-6000

35- 70 125-250 400- 800 1500-3000

60-120 -
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NEW MATERIALS AND METHODS
Slip-Form Paving

Gordon K. Ray

INTRODUCTION

In 1949, the first half-mile of slip-form paving was con-
structed in O'Brien County, Iowa. This was the first of some
800 miles of this new type of Portland cement concrete pave-
ment constructed in Iowa and 14 other states up to the year 1961.
Nationally, over 770 miles of this pavement have been constructed
during the past 5 years.

EARLY DEVELOPMENT IN IOWA

In Iowa, postwar challenges of an immediate and urgent
nature focused the attention of engineers on the necessity for de-
veloping and using new and more economical construction methods.

Marketing of agricultural products from the low popula-
tion densities associated with high agricultural production in
Iowa, demands an extensive highway system. The state ranks
only 22nd in population and 25th in area among the 50 states, but
it has the 6th largest road system in the nation, with a total of
111,670 miles. Over 90, 000 miles are in the secondary system;
the 34, 000-mile, farm-to-market system is the largest of its
kind in the nation.

Changes in requirements and in types and amount of traf-
fic during the period following World War II resulted in an acute
need for more high type roads. These roads were needed to re-
duce the cost of maintaining loose granular surfaces, to accom-
modate modern traffic safely and adequately, and to minimize
the demand on diminishing aggregate sources. These same
changes created the need for widening over 4000 miles of 18-foot
width primary pavement to meet modern standards.

Concrete paving methods were reviewed to find more
economical ways to satisfy these needs. In 1948, engineers ad-
vanced the idea that acceptable concrete could be placed with an
extruding process in which forms would slip along on a well
prepared subgrade. The forms moved away from the freshly
placed concrete after it had been consolidated and struck off to
the desired cross section.
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An evaluation of the paving methods in use indicated that
production costs could be reduced by eliminating the need for
forming, with its attendant equipment and labor costs. Also,
further reduction in costs could be effected by reducing the num-
ber of finishing machines and operations. An additional advan-
tage would be gained in Iowa by the elimination of forming, be-
cause it would make paving operations on secondary roads more
feasible. The average grade widths on most secondary roads
are not adequate for the efficient operation of equipment nec-
essary in the forming operations.

The Iowa Highway Commission engineers decided that
the best way to meet the requirements of modern pavement con-
struction was in the development of an extrusion method for
paving. A small-scale working model was placed in operation
on November 2Z, 1947. This model extruded a slab of consol-
idated and finished concrete 18 inches wide and 3 inches thick.
The vibrating unit was actuated by a syntron hammer. The
small motor on the rear of this machine drove a flat belt which
produced the final finish on the slab. Forward motion was
accomplished with winches.

The machine had a 7-1/a degree batter on the side
forms, which was retained on all experimental models in antic-
ipation of some problems with edge slump. Later experience
indicated that securing vertical edges on extruded concrete
presented no serious problem.

The results obtained with the first working model were
so promising that a larger machine was constructed. This sec-
ond model, which extruded a slab 36 inches wide and 6 inches
deep, was placed in operation on February 13, 1948. This model
was basically similar to the first model. A small vibrator such
as commonly used for internal vibration of concrete was used to
actuate the vibration unit.

One feature of this second model was a considerable part
of the force required to propel it was provided by the unbalanced
reaction of the concrete against the machine.

The successful operation of this model proved that con-
crete pavement could be laid by an extrusion process, and that
this method would result in a reduction of the total cost of con-
crete paving projects. This cost reduction would be effected by
eliminating forming operations, by eliminating all but minor
hand finishing, and by using a method which requires fewer pieces
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of equipment than those needed for conventional methods. In
addition to these reductions in cost, the extrusion method of
paving would be more satisfactory than conventional methods
for paving secondary roads where narrow grades would not allow
trucks to operate on the shoulders.

It is pertinent to note that the development of this working
model resulted in the slip-form methods used for widening
approximately 1600 miles of pavement in Iowa up to the year of
1961.

With the successful operation of this second model suf-
ficient data were secured to warrant a full-scale field experi-
ment. Accordingly, a final motorized working model was de-
veloped. This model extruded a slab 10 feet wide and 6 inches
thick. Basically, this large model was quite similar to the two
previous models except for a saddle-yoke type of power unit
which pulled the basic paver along the grade. Pulling connec-
tions were two short pieces of chain attached to the front end of
the paver. This arrangement allowed the paver to react inde-
pendently of the power unit, and any settlement of the wheels was
not reflected in the pavement thickness. The paver also could be
suspended from the power unit for transportation.

In 1949, this pilot machine was used to construct a half
mile of experimental pavement in O!Brien County. A second
experimental project one mile in length was constructed later
that year in Cerro Gordo County.

These two projects had adjacent 10-foot lanes. A 3- to
4-inch gap between the slabs was filled with asphaltic concrete.
In spite of the unusual design required by the pilot machine,
these two projects demonstrated conclusively the feasibility of
the slip-form paving method, and acceptance of formless pave-
ment by county and Iowa Highway Commission engineers was
enthusiastic.

Though generally accepted, little progress was made in
slip-form construction during the next five years. This can be
attributed to the delay in development of a commercial paver.
One Iowa engineer became impatient and secured permission to
rent the pilot model for construction of a 2-mile project in
1954.

On this project, built in Greene County, a job trial was
made at filling the 3- to 4-inch gap between the two lanes with
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Portland cement concrete immediately following the construction
of the secondlane. Thebatterededgewas still used, and there
was some objection to abutting the two slabs with other than a
vertical joint. Several years of life on this pavement have dem-
onstrated that this feature was not too objectionable.

A commercial slip-form paver was finally available in
1955. This machine was designed on the same basic principles
developed by the Iowa State Highway Commission, with two
major exceptions. In this commercial model the concrete was
deposited directly on the grade instead of in a metering hopper,
and the model was mounted on crawler tracks. It was actually
developed from a model made by a paving contractor.

Use of slip-form paving methods in Iowa increased
rapidly when this machine became available. Approximately 28
miles of 6-inch pavement 20 to 22 feet wide were constructed in
1955. Approximately 550 miles of slip-form paving have been
constructed in Iowa during the past six years. Some 30 percent
of this total was constructed on the primary road system. On
most of the secondary roads selected, the total average daily
traffic was 155 vehicles per day with a maximum total ADT of
620, including a maximum truck ADT of 90.

With this in mind, the pavement was constructed on a
subgrade shaped to conform wIth the existing road profile. This
shaping was accomplished by motor blade graders without grade
stakes or other controls. Pavement surface tolerances were
3/16 inch in 10 feet. Contraction joints were quite generally
accomplished by sawing. Other methods were permitted, how-
ever. Several methods of curing were permitted, but white
pigmented curing compound applied soon after the final finish
was the method most generally used.

Again in line with the intent of the special provisions,
a table of concrete proportions was designed on a strength and
quality basis which allowed the use of highly sanded mixes.
Since these proportions allowed greater use of local materials,
further cost reductions were possible. These proportions also
allowed contractors to select design mixes ranging from 1-1/4
to 1-1 / 2 barrels of cement per cubic yard. Quality requirements
for all materials were the same as required for all other con-
crete.

Completion of these early projects demonstrated that
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quality concrete pavement could be placed 20 to 24 feet wide
without using fixed forms, and that vertical instead of battered
edge forms could be used. However, the early paver and con-
struction methods had some objectionable features. It was dem-
onstrated that some method should be provided for striking off
the concrete before it started through the paver. The paver, as
originally designed, had no preliminary method of striking off
the concrete before it passed under the pan of the concrete lay-
ing machine. This was objectionable because the machine had a
tendency to climb onto the deposited piles of concrete. This
lifting effect caused the machine to lose its traction and form an
undesirable surface.

The specifications were changed to require that the ma-
chine for placing the concrete should have some mechanical de-
vice for striking off the concrete to a uniform depth before it
was fed under the pan of the paver. This was accomplished by
adding a bulldozer arrangement on the front of the machine which
was operated by hydraulic rams.

The paver now was mounted on a 22-foot track laying
crawler on each side. In addition to the ram for strike off
there was a vibrator, a tamping bar, and an extrusion plate
which shaped the pavement to the desired cross section. The
extrusion plate could be changed for parabolic or flat crowns
with a quick change device included. This was followed by a
mechanical belt.

All of these operations were enclosed between the two
16-foot side forms. These, in turn, were followed by two or
three lengths of 16-foot trailing forms separated by trusses
above the slab, the last one trailing a burlap drag for final
finish. If necessary, any straight edging and edging could be
done inside these trailing forms.

Although the pavements on these early projects had a
satisfactory surface tolerance, as measured by Bureau of Public
Roads type of roughometer, the undulations in the grade line
made them uncomfortable for high-speed driving. To correct
this, the specifications were changed to require that the wheels,
tracks, or skids of the laying machine should operate on sur-
faces prepared by a form grading machine. Also, it was re-
quired that the subgrade between these tracks be completed not
less than 500 feet in advance of the operation of placing concrete.

Carefully and accurately set string lines for alignment and
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grade now are required to be maintained ahead of the paver for
a distance of not less than 300 feet. The specification requires
a smooth subgrade that is true in grade to secure quality sup-
form pavement. In addition, an adequate supply of concrete of
uniform consistency must be kept in front of the paver at all
times. Continuous forward movement of the paver gives the
maximum surface smoothness.

The possibilities of securing an excellent riding surface
with slip-form paving methods were indicated in the results of
a straight edge survey of the one mile project constructed with
the pilot model in 1949. A total of 2022 points were checked in
both lanes with a 10-foot straight edge. Less than 12 percent
of the total points measured showed a deviation of 1/8 inch, and
only 3.6 percent showed a deviation of 1/4 inch.

Road roughness measurements on slip-form pavement
as determined by a Bureau of Public Roads type of roughometer
have consistently been less than those on conventional pave-
ment. The weighted average road roughness for approximately
104 miles of pavement constructed by slip-form methods in 1960
was 64 inches per mile. This is 14 inches per mile less than
that obtained on 193 miles of conventional pavement. Undula-
tions in grade line on the earlier projects have been eliminated
by improved construction procedures.

In summarizing Iowas 14 years of experience in pio-
neering and developing slip-form paving methods, probably the
best indication of whether a cost reduction can be effected by
using slip-form methods would be an evaluation of the contracts
which gave the contractor a choice of paving by the slip-form
methods or by fixed forms methods. Less than 23 miles out of
approximately 524 miles in Iowa were constructed by convention-
al methods. Most of these 23 miles were constructed by one
contractor. He is now paving with slip-form methods. Five
large paving contractors in Iowa now have slip-form paving
equipment.

The range in price on the 1960 secondary projects
through June 1961 was $2.40 to $2.98 per square yard, with an
average price of $2. 52 or $2.9, 600 per mile for pavement 20 feet
wide and 6 inches thick. This average price has varied from a
low of $2.50 in 1959 to a high of $2.56 in 1958. The range in
square yard price for 1961 was $2.. 54 to $2.. 84, except for one
short project which was $3. 18.
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SLIP-FORM PAVER PROJECTS IN OTHER STATES

While this early developmental work was underway in
Iowa, engineers and contractors from other states watched with
interest. In 1955, a contractor in Illinois built his own ma-
chine and paved several miles of base pavement for the Illinois
Division of Highways. Another Illinois contractor used an early
developmental machine made by one manufacturer to pave his
equipment yard near Chicago. When the production model be-
came available, its use soon spread to other states. Texas
contractors used it to pave shell-concrete base 1Z inches thick.
In Wyoming and Colorado the slip-form paver was put to work
immediately on primary and interstate projects. In Colorado
an experimental section was built incorporating distributed steel
in the form of welded wire fabric to determine whether it could
be used with slip-form paving.

Colorado was so pleased with its early projects that
specifications on all concrete highways were revised to permit
use of the slip-form paver. To date, approximately Z58 miles
have been built in Colorado, with over ZOO miles of it on the
Interstate System.

Minnesota and North Dakota built their first projects
in 1958 and 1959, respectively, and North Carolina in 1959.
This first project in North Carolina resulted in a second proj-
ect in that state in 1961, followed immediately by one just
across the line in Virginia. Both of these are on Interstate 95.

Meanwhile, slip-form payers were used in Ohio for con-
structing integral curb residential street pavement, and in
Rhode Island for paving 8- and 10-inch airport aprons. New
MexicoTs contractors have used the slip-form paver on inter-
state highways. In Nebraska the State Highway Department
permitted its use on two primary highways in 1961. Also, in
1961, it was first used in Michigan on a county road in Oakland
County.

SLIP-FORM DEVELOPMENTS IN CALIFORNIA

Almost as dramatic as the early slip-form developments
in Iowa have been the modifications, new machines, and the use
of slip-form payers on multilane high-speed freeways in Cali-
fornia.
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Slip-form payers were used to pave 8-lane divided high-
ways with keyed (tongue and groove) longitudinal construction
joints containing tiebars with 9-inch concrete in the outer two
lanes and 8-inch concrete on the inner two lanes, all on a
cement-treated subbase. New modifications included spud type
vibrators instead of the original horizontal tube, substitution of
a V-shaped longitudinal float for the original belt finish, and
elimination of all or most of the trailing forms. Hand finishing
was virtually eliminated.

At the same time, a California contractor with experi-
ence in the construction of slip-formed canal linings, built
several projects using a modification of the canal paving ma-
chine. Although similar in principle to other slip-form payers,
this machine had several innovations, including a hopper type
spreader and electronic controls for both vertical and horizontal
alignment.

While some of these early projects could not meet the
rigid California specifications for surface smoothness without
considerable surface grinding, as measured by the profilograph,
they did establish the practicality and economy of slip-form
paving on urban freeways as well as rural county roads.

In 1961, modifications and greater care with the first two
machines, development of a third paver by a California equip-
ment manufacturer, and the innovation of a round pipe float
pulled diagonally behind the paver resulted in pavement riding
surfaces well within the tolerances established of 7 inches per
mile in each wheel path. On one project a modified machine
following three 34-E dual drum payers placed three 1Z-foot
lanes simultaneously, even cutting the two longitudinal joints
as the machine moved forward.

SUMMARY

The slip-form paver has established itself as a suitable
piece of paving equipment from coast to coast. Rural two-lane
county roads, urban freeways, airports, parking lots, and
integral curb city street pavements in housing developments have
proved its versatility. Prices as low as $Z.40 a square yard for
6-inch pavement had proved its economy. Contractors in 14
states, Canada, and Switzerland have proved its capabilities. It
is now up to highway engineers in cities, counties, and other
state highway departments to permit its use on their streets and
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highways by the necessary revisions in construction specifica-
tions.

It is impossible to say that all concrete pavement in the
future will be built with the slip-form paver, but there is no
doubt that it represents definite progress in paving construction
techniques. Its use brings the price of concrete pavements down
to a point where they can be used for all classes of roads and
streets if properly designed for the anticipated traffic and soil
conditions.
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NEW MATERIALS AND METHODS
Review of Field Methods to Determine Culvert Durability

Paul W. Sturmer

Since its inception, the corrugated metal pipe industry
has recognized the need of protective coatings on metal pipe
culverts. Galvanizing was the first generally accepted protec-
tive coating, and at the present time plain galvanized corrugated
metal pipe is readily accepted as possessing a potential service
life commensurate with required design standards. Fortunately,
the far greater percentage of soils and waters in the northwest
area of the United States is not excessively aggressive in the
corrosion of metal culverts. There are exceptions to this gen-
erally favorable environment.

It is the purpose of this paper to review some of the work
done in recent years in an effort to allow the engineer a method
of identifying culvert locations which may prove excessively
corrosive so that additional protective coatings may be desig-
nated for corrugated metal pipe to be installed at those loca-
tions.

The National Bureau of Standards has done an enormous
amount of work in the field of corrosion. Much of this work was
done in cooperation with utility companies concerned with long
pipe transmission lines such as gas, water, and oil lines. In
1955, there were 988, 000 miles of these metal lines in the United
States. There is not much doubt that this figure now exceeds
one million milescertainly a tribute to steel in underground
service.

As stated by National Bureau of Standards publications,
corrosion studies include soil analyses for determining the chem-
ical elements soluble in water. These are usually the base
forming elements such as calcium, magnesium, sodium, and
potassium, or the acid-forming elements such as sulphate, ni-
trate, chloride, or the carbonates. The moisture content of the
soil, together with the soluble salts present, will determine the
electrical resistivity of the soil. That is the ability of the soil
to conduct an electric current. Wet soil possessing relatively
large amounts of soluble salts will conduct an electric current
rather readily, and this will show a low resistivity reading.
Conversely, a dry soil having a relatively small amount of soluble
salts, will not readily conduct an electrical current, and will
show a high resistivity reading. By using a portable field
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resistivity meter, it may be determined in the field whether or
not a given culvert location may present an environment rela-
tively noncorrosive or possibly corrosive to corrugated metal
pipe. This electrical resistance is measured in ohms per cubic
centimeter. The field resistivity meter usually used for this
work is equipped with a steel probe. This probe is inserted into
the soil and the resistivity reading taken directly from the meter.

The next step in determining whether a given soil is
relatively noncorrosive or corrosive is to determine the inten-
sity of the acidity or alkalinity of the soil, which is expressed
as the pH value. It is common knowledge that a pH value of 7
Indicates neutrality, and that readings lower than 7 indicate
acidity and the higher values alkalinity. Readings below 4. 5
indicate extreme acidity, and readings of 9. 1 or higher indicate
a very strongly alkaline condition. Readings between 6. 1 and
8.4 will indicate a range varying from slightly acid to moder-
ately alkaline. pH readings are easily taken In the field, and
are read directly from the portable meter designed for this pur-
pose.

The physical properties of the soil also should be con-
sidered in corrosion studies. It is entirely probable that the
conditions encountered at the original culvert site, insofar as
resistivity and pH readings of the soil are concerned, may be
completely changed upon completion of the culvert installation.

As an example of this, let us for instance assume an
original culvert site is a poorly drained, swampy area in which
the original soil is entirely unsuitable as a foundation material
for any kind of drainage structure. During the process of con-
struction,this unsuitable material, which may show a low re-
sistivity reading, and by the pH reading indicate an acid con-
dition, will be removed. It will be replaced with a granular ma-
terial for the purpose of building a suitable foundation but, at
the same time this is done, the soil removed, which may have
been excessively corrosive to metal, has been replaced with ma-
terial of an entirely different nature. All of the backfill for the
culvert structure will also preferably be of a granular type so
that during the standard procedure of good construction practice
many of the factors that might contribute to corrosion have been
removed.

Probably it would be good practice to take resistivity
and pH readings of backfill material. Granular materials that
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are relatively free of silt and clay have low plasticity and do not
readily hold appreciable amounts of water. They do not expand
and contract when alternately wet and dry as do clays and silts.
In addition to the advantages of a granular material in resisting
applied loads, the relative permeability of granular material to
moisture and air will usually result in its being noncorrosive.

In order to make clear the reason for taking resistivity
readings of soil, and also to give a completely valid reason
later for using some care in handling and instaliing corrugated
metal pipe, an attempt to just touch on the theory of underground
corrosion will be made.

Practically all of the corrosion of steel in underground
service results from an electrochemical reaction which occurs
when there is a potential difference between two points con-
nected electrically and emersed in an electrolyte. In the case
of a metal culvert, the two points would be two spots on the
culvert which would be connected electrically by the pipe itself.
The electrolyte would be the soil surrounding the culvert. With
these conditions satisfied, a slight electrical current flows
from the point on the pipe having the most negative potential,
which would be the anode area through the electrolyte (in this
case, the soil) to the cathode area, the other point on the pipe.
On reaching the cathode, the circuit is completed by the current
flowing back through the pipe to the anode area.

The anode area is the area at which the corrosion occurs
because of the loss of metal ions to the electrolyte. The cath-
ode area will not corrode because those ions which carry the
current will be deposited in the cathode area. There are so
many factors which may affect this electrochemical reaction that
actual rate of corrosion is difficult to predict. Usually, the
corrosion of metal culverts, which are relatively short as com-
pared with water lines or gas lines, is of the slow, uniform type,
and no doubt accounts for the thousands of installations which
have served for 30 years or more and still show very little loss
of metal.

With this theory of corrosion in mind, it seems apparent
corrugated metal pipe also should be handled with some degree
of care after arriving on the project. I believe we all have wit-
nessed at one time or another a corrugated pipe dragged or
roughly handled over an abrasive surface, or dumped rather than
lowered into a trench. Corrugated pipe is tough, it is true, and
although no immediate damage is apparent, the practice of rough
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handling does damage protective coatings and should not be tol-
erated.

Resistivity and pH readIng will definitely give a good
indication of the types of soil encountered and will indicate
whether it is desirable to provide extra protection by specifying
a bituminous coating or, in the case of the indication of ex-
tremely corrosive condition, indicate the need for using an
asbestos bonded and bituminous coated corrugated metal pipe.
There is no question concerning the tremendous value of inspec-
ting existing culverts in the vicinity and incorporating this in-
formation in the total analyses of any given culvert site. By
investigating the time in service, present condition, and prob-
able total serviceable life of an existing culvert, the engineer,
by taking resistivity and pH readings of the materials in contact
with that culvert, is certainly in a far better position to design
a new structure in that same area for a given service life.

The California State Highway Department has done ex-
tensive work in this field. During the past 35 years they have
investigated and evaluated more than 12, 000 corrugated metal
culverts in the State of California. As a result of these studies,
it is now felt their field and laboratory testing procedures allow
them to estimate within approximately 12 years the actual
serviceable life of a corrugated metal culvert. This affords
their design departments a basis on which to select the type of
culvert considered necessary to comply with the service life
intended.
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NEW MATERIALS AND METHODS
Wood Products

W. R. Bond

Back in 1930, Henry Ford foresaw the possibilities ob-
tainable by using soybeans as the main source of raw materials
for industry. From this he developed the soybean plastic used
in gearshift-lever knobs, accelerator pedals, timing gears,
horn buttons, and many other uses. Of particular importance
today is the philosophy of his statement predicting greater use
of growing plants as materials of construction. I quote

When we use up our mineral resources
we are living on capital; they are gone for
good. Materials grown on the farms (and in
the woods) are renewable, and the use of them
creates wealth all around.

Remember this, "When we use up our mineral resources
we are living on capital; they are gone for good."

A material now is being produced that is available in
vast quantities. It is self renewable so it will always be avail-
able and, when properly used in design, Is strongly competitive
in cost. It will not shatter under impact loads. Its resilience
permits it to absorb shocks which would crack or break other
material. It has great insulating quality. It can be produced in
large sizes when large sizes are needed. It can readily be
manufactured into structural members or products, whether
beams, strings, girders, arches, trusses, foundation piles,
lighting poles, culverts, guardrail supports, or numerous other
items common to the roads and streets engineer. It is permanent.
It is relatively maintenance free. It can be used repeatedly. It
responds to the simplest of tools. It is relatively light in weight
but has great strength.

What is this remarkable new_sounding material? It is
pressurized wood. Wood that has been preservatively pressure-
treated. A good product much used and abused, but which now is
better made. This superior renewable material fits extremely
well into the subject under discussionNew Materials and
Methods."

Glued Laminated

One important development in the highway field is the use
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of pressure-treated, glued laminated structural members for
long-span stringer bridges and pedestrian overpasses. In the
past, the sawn stringer structures were limited to spans de-
pendent upon the length of timbers available. Today, spans of
75 feet and longer are being built with this new material. It is
an engineered product readily available at competitive cost.

Comoosite Construction

Another method of bridge deck and dock construction
worthy of consideration for either contract or force account jobs
is the composite laminated pres sure-treated timber-concrete
deck. The design commonly used is one published by WCLA, a
modification of that patented and published originally by the AWPA.
The section is made up of 2- or 3-inch pressure-treated wood
laminations topped with approximately 4-1/2 inches of concrete
to provide a wearing surface and accommodate compression
stresses. Depth of the laminations is dependent upon design
loading. Alternate laminations are elevated 2 inches, dapped
and grooved to provide bond and develop sufficient shear
strength. These laminations are shop fabricated and assembled
in panels before shipping so that the difficult framing can be ef-
ficiently accomplished with power tools and savings can be made
on installation labor costs.

This type of construction has been successfully used by
several counties in California (San Benito and San Luis Obispo,
for example), by Multnomah County on Swan Island, together with
other Oregon counties, by the U.S. Forest Service, Department
of Public Works in Canada, and, more recently, by Moffat Nichol
and Taylor in designing the eastern approaches to the Hawthorne
bridge in Portland.

While no great savings in cost may be discernible, as
compared with monolithic or precast construction, I do believe
that with proper development it could prove to be a more economic
and efficient tool, particularly for those structures of short single
or continuous spans where available funds restrict the dimensions
to accommodate only immediate traffic needs, and where such
structures will require widening in the future. This method lends
itself quite readily to easy and economic expansion of roadway
widths. Panelization of the laminated timber section provides a
more speedy installation (much quicker than form work for cast-
in-place decks). Generally, a complete deck can be assembled
in one day ready for temperature reinforcing and pouring. Bridge
widening can thus be completed in a matter of days and without
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interfering with traffic. The most economic substructure, of
course, consists of pressure-treated timber piles.

Culvert Widen

Many counties are facing the necessity of widening hun-
dreds of existing concrete culverts of various dimensions.
Many of these present a real problem inasmuch as disturbing
the existing structure by cutting into it could invite a complete
replacement due to the unknown qualities of the cement aggre-
gates and reinforcing used during its original construction, or
that the headwalls could not take any additional superimposed
dead load or live load. Two alternate methods can be used,
depending upon equipment, time, and labor available.

Two or more pressure-treated wood pile bents may be
driven, or pressure-treated framed bents may be erected,
depending upon foundation conditions in the stream bed, and
the extensions completed with pressurized timber bulkheads and
decking in a manner similar to that in regular bridge widening.

Another method is that a laminated pressurized timber
culvert of the same interior dimensions can be prefabricated
and panelized to be set into the ditch to form the extension. A
firm key between the existing concrete and the pressurized
timber extension can be provided by bolts grouted into the end of
the concrete to receive the laminated timber and into which the
nuts of these bolts can be countersunk. The balance of the lam-
inations can then be assembled and attached thereto. Top and
bottom panels interlock with the side panels.

In fact, where necessary, a completely new pressurized
laminated timber culvert could supply any replacements needed.

Median, Roadside, and Airstrip Drainage (Runway Drain)

Speaking of laminated culverts leads me to discuss a new
product that may solve someone's problem. It is frequently nec-
essary to quickly drain areas where runoffs might normally be-
come ponded, such as in depressed median strips, runways, or
airplane taxiing strips, underpasses, etc. Normally, this is
done through ditch type drains or infiltration drains wherein a
perforated pipe or stones are laid in a ditch and backfilled with
stones or gravel. Dust storms, silt, and similar conditions
can quickly block these ditches and render such drains inefficient.
On the other hand, a narrow pressurized laminated culvert type
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drain with bevelled slots in each top lamination, which is instal-
led flush with the pavement or at grade, and which can be of
increasing depth (from 18 inches to 5 feet) at stated intervals
until the take-off point is reached, provides immediate entry
and drainage of the runoff regardless of the rainfall rate (up to
practically cloudburst capacity) as the hydraulic capacity of the
slotted surface is more than ample for all normal conditions.

Incidentally, these bevelled slots will not clog. Open-
ings are each 1/4 by 2 inches on the surface and 1/2. by 2 Inches
at the base of the lamination. Anything that will pass the 1/4-
inch opening will automatically be swept into and along the drain.

These surface laminations are installed in panels each 4
feet long, and they can be raised therefore at any point along the
entire length of the drain for clearing any silt or obstruction
collecting at any point in the base of the drain. Surface drain-
age is available nearly as quickly as the ditch can be dug. Also,
being of laminated construction, the sides act as infiltrators and
thus quickly reduce the water table within the depressed area.

Where infiltration drains are needed, such as in low-.
lying, swampy, irrigated, or similar areas, a new method of
accomplishing such drainage is by using a low cost airway drain.
This is a box type drain constructed of pressurized lumber,
using two pieces of dimension lumber as the longitudinal sides
and bevelled 1-inch lumber laid laterally as the top and bottom.
By nailing the bevelled pieces in the same manner, a delta
opening is obtained at each end of each piece, thus enabling the
infiltration. This infiltration can be obtained at either or both
top and bottom. Where conditions necessitate a closed type
drain in the same run, such as through a clay deposit, it can be
obtained by merely nailing the top and bottom bevelled pieces
alternately opposite each other.

Drain capacities equivalent to or greater than the normal
6-, 8-, 10-, and 12-inch diameters can be standardized by using
6- or 8-inch sides and varying the span of the top and bottom
pieces.

Incidentally, wood that has been surfaced or dressed has
a much better hydraulic coefficient than even smooth, clay tile.
Wood drains, therefore, have greater capacity than other ma-
terials of equal end area. Being available in normal lumber
lengths of 16, 18, and 20 feet enables speedy installation, and
their service life is permanent. Nearly 100 percent salvage is
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obtainable should future changes in location prove necessary.

Buildings

Pole type or rigid wood post construction for equipment
sheds, maintenance buildings, sand sheds and, in fact, any type
of utility or industrial building or even homes and small offices
can be utilized. It merely consists of setting the pole or sawn
timber post in the ground in the same manner as a powerline
pole, only instead of hanging wires and cables on them, we hang
the roof and walls.

That it is an efficient, economic method of construction
is illustrated by: transit sheds at Longview, Benton County
buildings, Washington County fairgrounds, Clark County fair-
grounds, Douglas County fairgrounds, Oregon State University
agricultural buildings, Oregon State Highway Department sand
sheds, home of Herbert Sinnard in Corvallis, and Award of
Merit residences in California.
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NEW MATERIALS AND METHODS
Testing Equipment

Ray Schwegler

INTRODUCTION

It is difficult to say that any particular test for materials
is new. Most tests start in a rather crude form and are refined
and improved by a number of people. Tests generally are ac-
cepted after a lot of trials and correlation work over a period of
years. Some of the tests I will discuss may be new to field en-
gineers, but they are probably "old hat" to testing engineers.

Details of materials tests are spelled out by the Amer-
ican Association of State Highway Officials (AASHO), the Amer-
ican Society for Testing Materials (ASTM), and other agencies.
Such details are of interest to the technician performing a test.
I will try only to describe the general features and mechanics of
the tests.

There is a real need for rapid, practical field control
tests to control the quality of materials used in our highway con-
struction. The highway contractor must maintain a high rate of
production if he is to operate efficiently and economically. He
will place several thousand cubic yards of material in an em-
bankment, or produce and place several thousand tons of sur-
facing or pavement in a day. We need field control tests which
can be completed in minutes, or at most an hour. Otherwise,
we either must delay the contractor's operations or sacrifice
proper material control.

NUCLEAR TESTS FOR DETERMINATION OF DENSITY
AND MOISTURE CONTENT

We all have read about nuclear devices for use in de-
termining the compaction and moisture content of embankments.
Such equipment is on the market and has been used experimental-
ly for several years. This equipment operates in the following
manner.

Density Probe

tested.
1. Operates entirely on the surface of the material to be

Z. Radioactive source used is 3 millicuries of cesium



137, whose half life is 33 years.

3. The detector is a Geiger tube much the same as a
Geiger counter.

4. Gamma rays are emitted by the source into the ma-
terial being tested. Some rays are absorbed and a certain per-
centage are reflected back or "back scattered' and detected by
the built-in Geiger tube.

5. Rate of back scatter is low in dense material and
high in low density materials.

Surface Moisture Probe

1. The moisture probe also operates entirely on the sur-
face of the material being tested.

2. Radioactive source is 5 millicuries of radium beryl-
lium having a usable life of 1620 years. This source emits fast
neutrons.

3. Most hydrogen atoms in the soil mass are in the water
molecules of soil moisture. When a fast neutron strikes a hy-
drogen atom it decelerates and becomes a slow neutron. The
back scatter of slow neutrons is measured by the equipment.
Density tests can be completed with nuclear equipment in lZto
15 minutes, rather than the several hours to one day required
by standard equipment.

A study conducted by Colorado, comparing this equip-
ment with their standard sand density method, found favorable
comparison on 85 percent of density tests and 94 percent of
moisture tests. This equipment used by Colorado costs about
$4400. Other equipment is being developed.

Moisture Determination

In the field of standard compaction testing and control,
moisture determination is often a time-consuming operation.
We can dry soils in an oven, over an open stove, or by burning
with alcohol. None of these methods is really rapid.

A fairly new method of moisture determination is the ad-
dition of calcium carbide to the moist soil sample. The moisture
present combines with the calcium carbide powder to form car-
bide gas, and the amount of gas formed is directly proportional
to the amount of water available in the sample tested. A defi-
nite weight of soil and a specified change of calcium carbide is
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introduced into a calibrated pressure cylinder and thoroughly
mixed by shaking or tumbling. The carbide gas formed due to
the water present is measured by a calibrated pressure gage
reading in percentage of moisture.

Granular, fine-grained soils can be mixed readily with
the calcium carbide powder. When clay soils are tested, a
1 -inch round steel ball should be included in the cylinder to
break down the lumps and soil clods and assure a thorough mix-
ture of the materials. Corrected calibration gages are available
to correct for the volume of the added steel ball.

We do not have much success in compacting embank-.
ments unless the moisture content is close to optimum. We
can determine optimum moisture for a soil by pounding out a
proctor curve. The soils placed can be sampled and dried to
check their conformance in a slow, time-consuming process.

Mr. Collins of the Oregon Highway Department testing
laboratory has developed a fast test for controlling the moisture
content of most types of embankment soils within practical
limits. This method sets an upper and lower limit for moisutre
content for field control, and can be performed in about 10
minutes.

Lower Moisture Limit

Soil must contain enough moisture so that a handful of
soil when squeezed tightly in one's hand will form a "cast" and
will not fall apart when picked up with the index finger and
thumb.

Upper Moisture Limit

Soil must not be too wet or muddy. A sample of soil is
compacted in a Harvard compaction mold. If the compacting tool
penetrates less than 1/4 inch into the compacted sample under a
pressure of 37-1/2 pounds, the moisture content Is satisfactory.
If the compacting head penetrates the sample more than 1/4
inch under this pressure, the material is too wet and should be
aerated or dried in some manner.
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FOUNDATION SOILS

The Oregon Highway Department has developed a simple
field test to evaluate the supporting power of a foundation ma-
terial to support a fill. This device consists of a cone-shaped
head, 1 inch in diameter, attached to a sounding rod. Pressure
required to force the cone into the soil is measured by a prov-
ing ring, and the supporting power of the soil is measured by
this method. A resistance to penetration of 140 pounds on the
1-inch cone is rated as firm. Such foundation material should
support an average low roadway fill.

Let us move into the field of bridge design. We often
must decide whether or not we need piling under a bridge footing
and, if so, how long should the piling be to develop the proper
bearing.

A recent test method is based on the effort required to
drive a 2-inch OD standard penetration split-tube drive sam-
pler. The sampler is driven with a 140-pound hammer with a
30-inch free fall. Foundation material is classified on the basis
of the number of blows required to drive the 2-inch sampler 1
foot into the material.

The number of blows per foot can be converted readily
Into the minimum length of pile required for a cohesive or a
granular soil. It also can be converted into safe allowable de-
sign loads for spread footings from convenient charts.

We may wish to test a completed highway pavement to
predict its future behavior and measure its load-carrying ability.
The Benkelman beam will measure the deflection caused by a
known wheel load, and we will then know whether the deflection
is within safe limits or excessive. With this information we can
predict the future behavior and probable life of a pavement under
legal traffic loads.

Asphaltic concrete pavements should be rolled and com-
pacted to form a dense watertight mat. It is difficult to measure
the effectiveness of a roller and to determine when sufficient
compaction has been obtained. Pavement density can be cor-
related to either water permeability of air permeability. Excel-
lent results in this field are being obtained with air permeability
equipment developed by the California Research Corporation.
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KINEMATIC VISCOSITY

You have heard Mr. Lovering describe the new asphalt
specifications this afternoon. Kinematic or absolute viscosity
measurements are a part of the new specifications. The kine-
matic viscosity measurements at 140 degrees F for liquid
asphalts will replace the present Saybolt-Furol viscosity meas-
urements at temperatures of 77, 122, 140, and 180 degrees F.
The Zeitfuch cross-arm capillary viscometer is much more ac..
curate, cleaner, and faster than the present test method. An
operator can run five samples of asphalt by kinematic methods
while he is running one sample by the Saybolt-Furol viscosity
test.

DEGRADATION

Many highway departments are becoming conscious of
the problem of degradation of aggregates. Materials which meet
all standard test requirements become plastic and develop ex-
cessive amounts of fines after several months of service on the
roadway. Our problem is the development of a test which will
predict this behavior in advance for a substandard aggregate.

Oregon has developed a test whereby the aggregate is
agitated in water by jets of air. Washington places aggregate
and water in glass jars in a paint mixer or "roller. " Idaho has
developed a machine to produce alternate cycles of freezing or
thawing. The standard sodium sulfate soundness test and the
Los Angeles abrasion test without steel balls also are used.

All of these degradation tests show promise, but fur-
ther correlation with actual field behavior is needed in most
cases.

The sand equivalent test for the quality of surfacing
fines, plant mix aggregate fines, or concrete sand, is used in
several states. This test serves the same purpose as the liquid
limit or plastic index tests. The test can be performed in 30
minutes by unskilled help, and it has real merit as a field control
test.

We can use the Washington method for rapid field deter-
mination of the cement content in Portland cement stabilized
bases. Certain components of Portland cement are water sol-
uble, and the soluble materials affect the electrical conductivity
of water. The relative conductivity is related to the amount of
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cement present in the sample of fresh concrete tested. There
are many areas where we must use Portland cement with a low
alkali content, expressed as Na20 and KO.

Idaho checks the alkali content of each load of Portland
cement delivered to a highway job. Use of flame photometry
equipment permits one operator to run alkali determinations on
up to 30 cement samples per day. Our present day Portland
cements attain high early strengths due to fine grinding of the
cement clinker. New tests for fineness of grind utilize the tur-
bidimeter test and the air permeability tests.

Let us look at Portland cement concrete testing. We
can replace our old slump cone with the Kelley ball test for
slump, and save a lot of time and effort. There are several
devices for determining the amount of entrained air in fresh con-
crete mixtures. The Chase air meter is quite useful for field
control testing. The test is simple, rapid, inexpensive, and
easy to perform with reasonable accuracy. The Swedish hammer
impact test will give us reasonable data on strength of concrete
in place in a structure. This is a rapid nondestructive test.
Sonic testing devices will measure strength of concrete specimens
without destroying the beam and permit retesting at later dates.

New tests have been developed to assist in the design of
base courses and pavements. We have the triaxial test to meas-
ure the strength of subgrade soils or aggregates. The Hveem
stabilometer is a similar test and includes asphaltic pavement
design. The Marshall test is used for field control of bituminous
pavement mixtures. The North Dakota cone-bearing test also
shows promise in these fields.

Our estimate of the effective life of a metal culvert at a
given location is often just a rather wild guess. How long should
such a culvert last? The California Highway Department has
developed a method of culvert design based on tests at a proposed
site.

1. The pH value of the soil at a site is measured. They
determine whether the soil is acid, alkaline, or neutral.

2. Electrical conductivity of the soil is measured with
simple meters.

With this information and general flow data, California
claims that the effective life of a plain, galvanized metal culvert
or an asphalt-coated culvert can be predicted quite accurately
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at any given location.

New products, methods, and materials are appearing
every day on the market. A few recent ones are: aluminum
guardrails, aluminum culverts, A-36 structural steel, high-
strength bolts, high-strength prestressed wire, neoprene bridge
pads, epoxy resins, new welding techniques, air entraining
agents for concrete, retarders for concrete, quality asphalts,
cationic emulsions, rubberized asphalt, colored asphalts, anti-
stripping agents, new paints, base stabilizationcement,
asphalt, or chemicals.

These products and methods are useful and represent
real progress in many fields. Such materials often require en-
tirely new tests and specifications to assure quality control.
Many of our new tests are still in the research status. Others
are highly technical and of little interest to this group. For
example, such materials as air entraining and retarding ad-
mixtures for concrete, antistripping additives, curing agents,
paint resins, and other complex chemicals are evaluated by use
of ultraviolet or infrared light with a spectrophotometer.

The engineering profession lives with many unsolved
problems. The materials engineer and the testing engineer
probably have more than a fair share of these problems. There
is a crying need for both basic and practical research to solve
existing problems and meet new problems encountered in our
rapidly changing technology. These problems include proper
specifications for materials and rapid suitable tests to control
quality. We are making progress, but we still have a long road
to travel.
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THE CHALLENGE OF TODAY'S HIGHWAY PROGRAM
Ellis L. Armstrong, President

Better Highways Information Foundation
Washington, D.C.

Today, in our highway program we have a real challenge,
one that requires our collective efforts and abilities and integ-
rity and dedication. Our automotive age in these days of in-
creasing urbanization has produced problems of great complex-
ities; problems that run the full gamut of the physical, social,
and economic fields. Actually, our present highway program is
a real testing ground for our democratic form of government
testing whether or not such a government with its wide dissem-
ination of responsibility, actually requiring ultimate decision by
the individual, can meet the needs of the whole societywhether
those decisions of the individual can be based on sound informa-
tion and understandingand whether each of us as individuals
measures up to the responsibilities that we have as a part of our
free society.

We now have well under way the world's greatest peace-
time public works project to bring our highways up to date
in this automotive age. It is an ambitious undertaking, but one
that is economically and socially sound, basic to our very way
of life, and one that is a must for progress. And we need to
view it in proper perspective and keep this perspective up to date
in our fast changing times. We now have over 76 million auto-
mobiles, trucks, and buses on our highways, and we are travel-
ing about 740 billion miles each year. In making this travel we
spend directly over $80 million. An operation of this magnitude
presents wonderful opportunity for prudent investment to yield
rich returns, and that is exactly what our accelerated highway
program is.

Perspectivewise, here are a few items we must keep in
mind. For instance, some few critics look aghast at our high-
way transportation operation and loudly proclaim we are spending
too much on transportation for our good. However, they over-
look the fact that transportation is part of the productive process;
we consume transportation in producing goods and services. Our
mobility and the freedom it gives us for optimum utilization of
our human and other resources is the "goose that is laying the
golden eggs. " The relationship between travel on our highways
and our total production of goods and services has remained
fairly constant over the years, being 1.4 to 1.5 miles of travel
on our highways for each dollar of goods and services produced.

75



We cannot forget that last year we killed in highway ac-
cidents over 38, ZOO of our friends and neighbors, and injured
over i-l/Z million more. The direct cost of these accidents Is
calculated at over $7 billion a year. A recent study by the Bu-
reau of Public Roads shows that accident insurance premiums
that you as an average motorist pay today are equal to an l8
tax on every gallon of gasoline which you consume. These ac-
cidents can be drastically reduced by construction of highways
adequate for the traffic they carry.

Other factors than the highway are involved in accidents,
of course, but I was very interested last month in reading a
report on highway accident problems in Italy, and I quote: "In
80 percent of the cases casualties can be traced back to viola-
tions of traffic regulations and carelessness; however, it is
known this type of behavior is seldom observed with an efficient
road system. TI

A recent detailed study of accidents in England suggested
that had the roads been built to standards considered adequate
for the traffic being carried, perhaps as many as three-fourths
of the accidents would not have occurred.

Modern, adequate highways reduce accidents by reducing
and eliminating conflict areas and minimizing decisions that must
be made by the motorist. Records to date indicate that the ac-
cident rate on controlled access highways is reduced to one-
third or less of the average of all roads, and the death rate is
reduced to at least one-half of the average. It has been estimated
that completion of the Interstate alone, which will carry only ZO
percent of the total traffic, will save at least 5000 lives per year,
and some more recent studies have increased this estimate to as
high as 9000 lives per year. With all our highway systems im-
proved, the saving in lives will be many times this number.

We need everyone to get a realistic appreciation of the
true economy of our modern highways. Too many worry about
the cost per mile of construction, rather than the cost per unit
of service provided, which is the correct measuring stick of
good design and efficiency. With our modern, controlled-access
Interstate roads we are getting a real bargain. The cost per
vehicle-mile of providing these roads, including capitalization
of construction costs, operation and maintenance, and all other
costs, is only 0.4 compared to 0. 7 per vehicle-mile on the
remainder of the Federal-Aid primary system, and l.2 per
vehicle-mile on our Federal-Aid secondary system. In addition,
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the users of these highways save, including a conservative al-
lowance for time, from Zq to 4-1I2 per mile traveled, depend-
ing upon the facilities replaced.

Even with our present expanded highway improvement
program, we are spending a smaller fraction of the highway
transportation dollar on highways than we did before World War
II. Besides the driver, there are two factors in highway
transportation: one is the vehicle and the other is the road.
Today, we are spending only 1U of the highway transportation
dollar on roads, as compared with l4 to 15 in the 19Z0's and
1930's.

Good progress is being made on our accelerated highway
program. Over lZ, 000 miles of the 41, 000-mile Inter state
System scheduled for completion in l97Z are open to traffic, and
construction is under way on another 5000 miles. Since launch-
ing of the program in 1956, 150, 000 miles of regular primary,
secondary, and urban Federal-Aid highways have been completed,
and another ZO, 000 miles are under construction. Progress has
been made on non-Federal-Aid highways, roads, and streets.
Here, in the Northwest, your progress has been somewhat better
than the national average. Progressive highway leadership, such
as that provided by Sam Baldock, Bill Bugge, the late Dutch
Williams, and many others resulted in your getting after the
highway problems somewhat ahead of many other parts of the
country.

Today, here in the Northwest as well as all across the
nation, we are in a better position than ever before to do a good
job of providing highways for the greatest good to the greatest
number. We have the tools, techniques, analysis, information,
and know-how to get the job done.

We know, for instance, that good highways today pay for
themselves in direct savings to motorists. They are excellent
investments. Detailed studies of all improvements on the Fed-
eral-Aid system completed since passage of the record-making
1956 Federal-Aid Highway Act show that the benefit-cost ratio
of the direct savings to motorists because of highway improve-
ments is better than 3 to 1. This is in addition to the extra div-
idends of savings of human lives and suffering through the re-
duction of accidents, the opening up of new opportunities for
growth and development, the rejuvenation of areas served by the
better highways, the savings in time and jangled nerves, and the
increased joy and happiness in motoring on an adequate highway
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system.

We know fairly well what the highway needs are. The
state highway departments and the federal government, coop-
ating with counties and municipalities, have been collecting,
analyzing, and evaluating detailed information all across the
nation concerning the problem of transportation. From these
data, including travel origin and destination studies, future
growth patterns, probable land use, economic changes, best
community planning, and other pertinent factors, travel desire
lines are formulated. These studies were started in the 3Os,
and have been continued since with increasing effectiveness and
sophistication. Today, the electronic computer, for example,
makes it possible to carefully analyze millions of pieces of data
and evolve the resulting travel patterns with various transpor-
tation facility plans and take into account all the possibilities of
growth patterns.

Across the nation we have many examples of community-
state-federal cooperative planning for optimum highway facil-
ities for growth in the years ahead. The studies you have under
way in Salem, in the Portland metropolitan area, and in the
Puget Sound Regional Transportation Study, are good examples
of this type of cooperation. These studies involve cities,
counties, states, and several agencies of the federal govern-
ment, pooling their efforts to come up with the best solutions.
This is good for the transportation problem but, even more
important, it demonstrates that our form of government will
work, and that individuals can and will cooperate to resolve
their mutual problems. This makes for progress and speaks
well for the future.

We know how we can most effectively meet the traffic
requirements. Our geometric and structural design techniques,
combined with judicious use of controlled-access principles and
the use of single-purpose freeways for the moving of large
volumes of traffic, along with major arterial streets, collector
streets, and the remaining roads and streets, to give a balanced
system, demonstrate the know-how to resolve the problems.
Further, the planning includes various modes of mass transit in
the larger metropolitan areas where the needs for these facilities
exist.

Advances in design techniques have been tremendous.
Use of photogrammetry and the high-speed electronic compu-
ters makes possible more thorough, more intensive, and more
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extensive economical, location, and design studies. Continual
progress in development in materials and of construction equip-
ment and techniques, makes possible the continuing economy of
good highway construction.

If all this is so, then where is our present challenge in
the highway program? Just keeping the program going is a great
challenge. A project of this magnitude does not just happen to
keep rolling after it is started, but takes continuing and in-
creasing efforts all along the line. I believe, however, there
are two areas that right now present perhaps our biggest chal-
lenges. One is the need to keep progressive and up-to-date, to
adopt new methods, new techniques, new approaches to our
problems as soon as it becomes apparent that we can thereby do
a better job, faster, and with less cost and effort. In these
fast-changing times it is necessary to run at top speed just to
stay even. Tradition and prejudice often can prove to be blind
leadership. Great losses can be inflicted by frozen adherence
to outworn concepts and methods. It is necessary to keep a
fresh outlook and fully appreciate that change is constant.

You folks recognize this and are doing something about
it, as evidenced by these yearly conferences. We need the type
of communication with each other that these conferences afford
in "getting the word" about problems and new developments.
Here, all members of the highway teamthe administrators and
engineers from all levels of government, the contractors, and
the material and equipment suppliers can compare notes and in-
crease understanding and improve relationships. All of you
have a vital part in the highway program, and all of you have
vital contributions you can make to further progress.

Discussions so far in the conference have been excellent.
The problems of specifications, adequate construction control,
construction contract administration, new materials and new
methods, all of which have been discussed, show that you are
taking after these challenges. This problem of specifications
and adequate construction control is a major one in our program.

Requirements today for the completed roadway are
greater than in the past because of high-speed, high-volume traf-
fic. The margin for error and variables and uncertainties we
used to have are no longer present. You engineers must know
what you want and when and where you want it, and have your
specifications so state, specifically and clearly. Specifications
must mean what they say, and then the field engineers must see
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to it that the requirements are met. You construction con-
tractors and material suppliers, in turn, must understand the
specifications and expect to conform to the requirements.

All of this, of course is elementary, but we need peri-
odically to review quite carefully this problem and be sure it is
being adequately handled. We also need to keep in mind that
providing most economically an adequate highway system requires
careful, continuing cooperation of all members of the highway
partner ship, including legislators, administrators, engineers,
contractors, and suppliersactually, everyone else, for we all
are involved.

The other area that presents challenge, perhaps our
greatest challenge, is that of getting and keeping public under-
standing and support of the program. Planning, designing, and
construction of our modern highways have become quite com-
plex and do not lend themselves to uniform snap judgments.
As just mentioned, whether we like it or not everyone these days
is directly involved in the highway program, all are affected,
and each somewhat differently. Thus, the problem of keeping
support of a program resulting in the greatest good to the great-
est number is a real one.

Our roads, like other public projects, are under demo-
cratic control, and our democracy is government of, by and for
the people. The individual citizen, as someone ably pointed out,
is the ruler and the ruled, the law-giver and the law-abider,
the beginning and the end, and the government at Washington, D.
C., or at the state level, or at the local level, cannot be any
wiser than the people.

Actually, the real road builder in the great Northwest,
as in the rest of America, is individual John Q. Public. He may
not appear on the right-of-way with his pick and shovel, as our
grandfathers did in working out the road tax, but he pays for the
job and he is the ultimate authority on the decisions. So, even
though the engineers in the highway departments who are di-
rectly involved in designing and building our modern roads are
convinced that proposed road plans are right, the plans cannot
be accomplished until favorable judgment is also passed by the
individual citizen.

Getting this favorable judgment is not easy. As an ex-
ample, while I was U.S. Commissioner of Public Roads, one of
my duties was to serve as a member of the Planning Commission
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for the Washington, D. C., metropolitan area. After many
years of discussion and over three years of intensive study by
several firms of the best planners and engineers in the nation,
a general overall transportation plan for the nationTs capitol
was adopted. As commissioner, looking at the overall picture,
I was convinced the plan was sound and right. As the resident
of 6511 Dairoy Lane in Bethesda, I did not think too highly of it,
for I had to drive 2-1/2 miles in the wrong direction to an inter-
change before I could get on the freeway. One of my friends
opposed the plan vociferously because the freeway was located
just beyond the property line of his lot. Also, there were sev-
eral neighborhood protective vigilante organizations who had
definite ideas about certain sections of the freeway plan that
were far from complimentary.

Even after a plan is adopted, whether local or national,
it is not automatic that it will be accomplished. It is under
continual scrutiny and reappraisal which, of course, is good for
this tends to make doubly certain the plan is right. However,
great care must be taken to keep the overall plan understood.
A small, well organized minority can wreak havoc with any
program if we have indifference or lack of understanding of
the majority of our citizens. I think we all agree, eternal
vigilance is the price of liberty, but it is also the price of
keeping a sound program adequately supported by public opin-
ion. To be successful, the program must have the full support
of an enlightened citizenry. Neglect of this understanding will
nullify even the best of your plans. For government as we
have in America, in the last analysis is organized opinion.

About three years ago, a group of national highway
leaders realized that more positive action was needed nation-
wide to keep people informed about the road program. Too
much misinformation, distortion, and complete lack of infor-
mation were threatening to nullify efforts to meet the expand-
ing highway needs. As a result of this concern, and after a
great deal of effort, the Better Highways Information Founda-
tion, a nonprofit, public service organization, was established
with headquarters in Washington, D.C. Its entire purpose is
to sponsor, assist, and correlate nationwide on a program to
search out and disseminate sound, unbiased, factual informa-
tion on highway needs, benefits, and progress. The objective
is to assist in getting "grass roots" understanding of Amer-
ica's highway program.

Operations got under way in July 1960. Since then,
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BHIF has been reaching the public through national media and
through interested groups, and contacts which have been estab-
lished in all states, in addition to working with all the state
highway departments. The local groups adapt and distribute
materials in their own areas and communities. The effective-
ness of the state groups has been excellent, generally, and
there have been substantial accomplishments.

The first National Highway Week last May was sponsored
by BHIF, and focused nationwide attention on the importance of
highways to American life. In his proclamation for Highway
Week, President Kennedy encouraged all Americans to judge
the value of highway transportation to their own activities and to
our national welfare, and this theme was echoed by the state
governors and several hundred mayors. The second National
Highway Week is coming up May 20-26, 1962.

The Foundation has been culling and arranging a mass of
technical, statistical, and legal data about highways into infor-
mation kits and releases. As useful techniques for reaching the
public are found and perfected, the T'howto" details are distilled
and the information is circulated to the many outlets for highway
information across the nation. More than 800 pages of data have
been turned out.

Such things as encouraging well written, factual stories
about highways in major magazines of national circulation and
promoting and assisting with national TV programs have re-
sulted in many millions of people having the positive side of high-
ways drawn to their attention. A 17-minute color and sound film
telling the highway story of the commuter and businessman has
been produced and is being distributed nationally. Two large
animated public exhibits are being shown across the nation at
state fairs, conventions, auto and home shows.

Formation of state information groups to utilize BHIF
data and adapt it to local problems and to work with state high-
way departments and thus become spokesmen for better high-
ways at the state level has made good progress, and over 30
such information groups are now worki'ig with BHIF.

The first National Workshop on Public Understanding was
organized last year, sponsored jointly with the American As-
sociation of State Highway Officials. Seventy-six representa-
tives from 33 states aired common information problems, ex-
plored and shared techniques, and clarified the long-range
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objectives of getting sound factual public understanding of bet-
ter highways. The second workshop was held three weeks ago
in Kansas City, and had participation by over 100 representa-
tives from nearly all the states.

These, and many other activities of the BHIF have as-
sisted materially in getting an improved appreciation and under-
standing of what better highways mean to our whole economy and
well being. I think that there is now general recognition and ap-
preciation by all the highway fraternity that one of the big prob-
lems in providing the desired end result of adequate highways
for modern-day growing America is proper public understanding.
I think, generally, John Q. Public has improved his ability to
judge by being a little better informed, but there is still much to
be done. For one thing, understanding is a temporary thing and
tends to fade away like a morning mist. Continual, unrelenting
effort is needed to keep the problems and solutions in perspec-
tive.

The stakes are high and the challenge is great. If we
provide an optimum highway system to meet our needs, our
economic and social growth and development will progress with
resulting opportunity for a better life for all. If we fail,
growth and development will be stymied and delayed, and the
inexcusable waste of an inadequate highway system will be con-
tinued.

Further, in time of national and international crisis, a
dependable, high-speed, high-capacity road network is a must
to move raw materials from source to production center; to
move goods quickly from one processing plant to another; to move
troops and military equipment; to rush aid to a stricken city; or
to evacuate a given area. The President's Advisory Committee
reported, 'A safe and efficient network is essential to America's
civil and national defense . . . The existing system is inadequate

It must be improved . . . " With our present missile race,
the mobility provided by expressways takes on a new and added
significance.

Keep in mind that we all are involved, not only in the
program in our own area or state, but nationwide as well. Our
highways today have made all of America pretty much one big
neighborhood. Industrywise, because of our highways, our nation
has become one big assembly line for production. Progress or lack
of progress, in any section of the country has an effect on all the
rest of the nation. Whether we like it or not, we all are involved in
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highway progress in Maine, in Kansas, in South Carolina, in
Florida, as well as the great Northwest and in all the rest of the
country.

I believe this challenge will be met and required under-
standing will be obtained and maintained so that the highways we
need will be built. Collectively, I am sure we are not so stupid
as to lose out by default. It has been said time and again, and it
is more true all the time with our ever increasing highway travel,
that we pay for good highways whether or not we have them, and
we pay much more when do not have them through increased
driving costs, lost time, property damage, and human lives lost
by accident which can be drastically reduced with adequate high-
ways.

During the past four years as I have traveled up, down,
and across America, I have developed a sound, dynamic enthu-
siasm for the accomplishments of our highway program thrdugh-
out the nation. The tough problems that are being overcome by
realistically facing up to them and cooperatively setting out to
resolve them, speak well for our democratic way of life. The
progress that urban areas are making in overcoming decades of
highway neglect and failure to plan and build for the days ahead,
is good. Cities are not doomed as some suggest. As the high-
way improvements begin to fit together to become an operating
system, various urban areas are taking their places as up-to-
date parts of the Twentieth Century.

The rejuvenating effect on area after area of the highway
improvements all across the nation is wonderful. The individ-.
ual citizen's increased freedom that better highways bring is
broadening his area of influence and his opportunities for social
and economic betterment. The changes are being, and will
continue to be met. The days ahead look good.
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URBAN-SUBURBAN STREET IMPROVEMENT STANDARDS

General Reporter: ID. W. Loutzenheiser

INTRODUCTION

It is a real pleasure on my part to be with you today as
we deal with the general topic of Session No. 5. The business
of serving as a general reporter" is a new but interesting
assignment for me, and I expect this session conduct format is
new to many of you. Evidently it is common European technical
meeting practice for I have noted or read the reports of such
sessions over a number of years. As they seem to do it, about
a half dozen papers are scheduled, and by some process rela-
tively unknown in this country, the authors complete their papers
two or three months prior to the meeting. The papers are dis-
tributed to all who might attend and there is ample time for all
to leisurely study them, collect their thoughts, and prepare to
engage in a lively and perhaps challenging open discussion with
the author at the meeting.

In this arrangement, the authors do not read their sep-
arate papers at the meeting. Instead, a secretary, or where
there is more than one on the same subject, a general reporter
presents a relatively brief or refresher summary of their con-
tent. In this process he may choose to interject some of his
own views. Most of the meeting time then can be used for open
discussion between the attendees and the authors.

Today, we go at least part way in such arrangements.
The authors are present but will not read their papers person-
ally. I am asked to cover the ground for them. However,
since there are only three papers, and more importantly, since
few if any of you have had an opportunity to review their papers,
it seems desirable that I report them rather fully rather than
give a brief digest. They, of course, will have an opportunity
to amplify my statements as they may desire. As I present
their views and data, you should be making notes, mental or
otherwise, on features to be discussed later in the session.

To start let us orient on the general subject,"Urban-
Suburban Street Improvement Standards." Obviously, we are
to consider the whole of the urban area; both the heavy inner
and lighter fringe portions. By use of the word "street" it is
evident that we focus on the ordinary ground-level facilities
rather than on the supers or freeways, but we should recognize
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that there is more than one kind or level of street. Ulmprove_
ment' connotes the redoing of something that previously existed,
but I am sure It was not intended to rule out original or new con-
struction of a street. Everyone knows what "standards" mean.
Usually they are a fairly definite set of dimensions, criteria, or
values that spell out what is to be done where. They generally
are stated as floor or minimum values, but sometimes upper or
ceiling controls are fitting. Also, there may be governmental
level distinctions, as well as city, county, state, or federal.
We should not limit our thoughts to any one since all levels en-
gage in street improvements. In total, the field we are discus-
sing is the space and depth that should be named and used as
controls to build our streets. How do we establish control
values? What are they? What groups or separations are needed?
Are they forever fixed, once named? All such questions may
not be answered, but they are involved.

This is pretty much a game of dealer's choicemost of
you have your own standards as used by the city, county, or
state. There may be different standards from a planning and
construction viewpoint. We have no national standards in this
field, but both AASHO and NCUT have produced guide values.
So, governmentally speaking, of necessity we must work from
the ground up, rather than from the top down.

time.)
(The ensuing three papers were presented at this

CLOSING SUMMARY

The major contents of three good but decidedly different
papers on the session subject have been given. As the program
arrangers doubtless had in mind, each emphasized different
features that are significant parts of the subject. Kennedy and
Homburger dwelt on the features of access to abutting land as
stage setting for a review of what access controls can be worked
in to expedite through movements. They held off on specific
standards, but referred to NCUT guides for evaluation of local
values considered for use.

Sawhill brought out that neither the land-use nor the
highway plan comes fir stthey should be worked out together.
He made clear that classifications are essential to set up
standards; type or street system and character of urban area
were two such class groups. ADT volume groups also were
given. After reference to NCUT values, he presented a set of
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standards in cross-section form, including pavement designs.

Ross made a plea to consider the future needs, reflec-
ting current problems to remake cramped streets into at least
tolerable facilities. He presented the Idaho urban arterial
cross sections, all of which are relatively high type, beginning
about where Sawhill ended but without classification groups
other than geometric totals. He also touched on land-use tie-in
and introduced factors of parking space, public reaction, funds
available, and conversion means such as parking restrictions
and one-way couplets.

It is worthy to note that all three papers to some extent
touched on several basic items or points in setting up street
standards. In combination, the three gave the subject a good
going over. To make a summary of the whole, let me spell out
my idea of an approach to use in setting up urban street stand-
ards.

Of necessity, an urban-suburban street design standard
must be more than a cross section for stated volume groups.
The conditions along the street also must be spelled out. In-
cluded are intersection layouts; type and extent of traffic con-
trols and devices; frequency and details of driveways, alleys,
etc.; parking - stopping - standing controls; pedestrian facilities,
especially those across the street; and the extent of left turns
sanctioned. All of these together result in a "type of operation"
and stem from the land service features along the street. To
a large extent, these features have been bunched in definition
statements. We can call It a classification plan.

Planned Service Fimctions

The following "planned service functions" given in NCUT
Manual 7A are definitions for street groupings:

1. Expressway system - providing for expeditious move-
ment of large volumes of through traffic between areas and
across the city, and not intended to provide land-access service.

2. Major arterial system - providing for through traf-
fic movement between areas and across the city, and direct
access to abutting property, subject to necessary control of
entrances, exits, and curb use.

3. Collector street system - providing for traffic move-
ment between major arterials and local streets and direct access
to abutting property.
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4. Local street system - providing for direct access to
abutting land and for local traffic movements.

These NCUT concepts are very similar to the AASHO
definitions, except that the latter does not separate the inter-
mediate (collector Street) group.

1. Major street - an arterial highway with intersections
at grade and direct access to abutting property on which geo-
metric design and traffic control measures are used to expedite
the safe movement of through traffic.

2. Local street - primarily for access to residential,
business, or other abutting property.

Kennedy's Figure 1 schematic classification diagram
assists considerably in the understanding of these groupings.

In the NCUT Manual 7A, Figure V on page 10 is a dia-
grammatic layout for a residential area, showing a nonrectan-
gular pattern for a total street system, with their four groups
separately indicated. This pattern may be warped to fit the
valleys, ridges, railroads, waterways, coasts, street grids,
and other governing features, and it is representative of your
own city. The total traffic needs of the developed city call for
the whole system, not just some of the parts. Smaller cities
may not have expressways, but all require the lower order of

streets. Provision of collector and local streets is easy, since
they give access to abutting property. Development of arterial
streets, with some denial of access details, is more difficult,
however. An important point is that to handle the total trans-
portation needs, some of the system must be arterial streets;
the whole system cannot be the land access types.

This raises the question of just how much of the total
system should be arterial streets. Since conditions vary widely,
there are no pat answers to this. NCUT Manual 7A includes the
following table in an effort to be helpful. Note that the major
arterial and collector streets are combined, since data to sep-
arate them were lacking. These are typical, not positive, values,
but are generally helpful.
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nuggesteci Lavislon ox treet ivuxeage
Percentage of mileage in each system

Population of Major arterial &
Lmetr000litan areas Exoresswav collector street Local

Jnder 25, 000 25 - 35 65 - 75

25, 000 to 150, 000 * 20 - 30 70 - 80
150, 000 to 500, 000 '2 - 5 20 - 25 75 - 80
Over 500, 000 *5 - 8 20 - 25 75 - 80

OPercentage of expressway system mileage will vary from city
to city, depending upon amount of through traffic, deficiencies
in the street systems, topography, population density, and other
factors.

The type and volume of traffic is another classification
or grouping that must be worked in to set up street standards.
For each of the system classes or types, the lane, intersection,
and cross-sectional requirements can be further identified in
capacity groups. Two or more subclasses in each type appear
logical. Primarily, these show the number of through lanes.
Sawhill showed examples of this and, although unstated, I am
sure they are also used in Idaho.

It is then possible to detail cross-sectional element di-
mensions which establish basic minimum ROW widths. Saw-
hill's table shows the NCUT minimum suggestions. There is
logic in the use of 10- and 11-foot lanes on lower order streets,
but I agree with Ross that major arterials should have 12 feet.
Curb parking lane or shoulder widths are generally agreed, and
the indicated border area widths are commonly accepted values,
perhaps more assumed than known. Median width is a hot sub-
ject in many localities; 4 feet is a common minimum and 16 feet
instead of 12 feet as the next logical step. It is a dealer's
choice on the median cross section since opinions across the
country vary widely. The sum of all these dimensions should
establish the ROW width.

Some thought should be given to separate dimensional
standards for new as against existing streets. The new or build-
for-the-future set is more the desirable order instead of the
tolerable set that often must be used where existing ROW
governs. All of us, then, should get at the business of reserving
proper space out on the city edges before the land development
takes place, not after. We should not want to put squeeze cross
sections in these new areas.
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Decision on street standards rests with the agency
owning and operating the street and, as we have heard, it is to
a large extent a local matter. This should not mean that the
above processes do not apply just because the state or federal
agency is not establishing or enforcing them. Any street ROW
and section should be determined on some logical, planned
basis.

Lastly, we must continue to work on the pressing cur-
rent problemhow to get more traffic carrying ability in the
major system of existing streets. This is a street standard
problem also, but usually within a fixed ROW limit. Our job is
to work out the best possible cross-sectional balance in the
widths that are available or can be attained. Let us not forget
that another street location may be the best way to solve the
arterial traffic problem when the old or existing route is heavy
on land service features.
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URBAN-SUBURBAN STREET IMPROVEMENT STANDARDS
Urban-Suburban Arterial Street Improvement

Lewis J. Ross

This paper deals with the design and right-of-way stand-
ards for urban and suburban street improvement. Discussion is
limited to the type of facility which is intended as an arterial or
collector street as opposed to the ordinary residential and busi-
ness streets or freeways and expressways.

The arterial street system has long been recognized by
engineers as the backbone of urban transportation. This rec-
ognition, however, has in many cases not been reflected by the
adoption of adequate right-of-way and design standards. Arterial
street systems in the majority of our cities have developed as
the cities themselves have grown, in more or less an unplanned
manner. Consequently, we are now confronted with the situation
of having a large number of major urban and suburban streets of
inadequate widths located on narrow rights of way. Correction
of this situation, especially in urban areas, has proven to be a
very slow and expensive process. Thus, it Is the intended pur-
pose of this paper to stimulate Interest regarding the adoption
of right-of-way and design standards for urban-suburban arterial
street improvements that will allow adequately for future needs.

It is recognized that each urban arterial street improve-
ment project involves its own problems and peculiarities. How-
ever, the desirability of setting certain minimum standards is
evidenced by the numerous problems which have arisen in recent
arterial improvement programs due to lack of planning in the
past.

The Idaho Department of Highways, in recognition of the
need for certain standards, has adopted a standard policy as re-
flected by the accompanying exhibit of 'tTypical Urban Sections.
This policy includes minimum standard widths for right of way,
traffic lanes, parking lanes, medians, and border areas. It
should be noted that certain absolute minimums are established.
Traffic lanes of at least 12-foot width are considered essential
for the orderly and safe movement of modern vehicles. Park-
ing lanes, if provided, should be no narrower than 8 feet. Min-
imum widths for border areas are less definite. Eight feet are
considered a bare minimum for the placement of sidewalks,
underground utilities, utility poles, and drainage facilities in
suburban areas. This 8-foot minimum, however, would be far
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from adequate in urban areas where large volumes of pedestrian
traffic are involved. Approximately 16 feet is considered a min-
imum width for border areas in downtown and business areas.
Idaho's policy also provides for the distribution of additional right
of way over and above minimum requirements to the various
components of the roadway section.

Strict adherence to a policy of this nature is, of course,
very impractical. Each improvement project invariably has
associated with it special problems which cannot be solved by a
general policy. Thus, a policy should be recognized as a guide
for improvement, not as a "rule' which sets absolute minimum
standards, nor should it be recognized as a goal or objective.
If this were the case, the role of engineering would be superflu-
ous once a policy was established.

A number of considerations must be weighed in deter-
mining the final geometric section which best suits a given
project or, for that matter, any portion of an improvement pro-
ject. Usually, it is quite difficult to give any one consideration
more weight than the others. Existing and estimated future traf-
fic volumes usually indicate the number of traffic lanes that are
desirable, if not essential. Traffic figures alone, however,
should not be the sole criteria for determining right-of-way
widths and street sections of a proposed or contemplated arte-
rial improvement. Equally important are: existing and esti-
mated future adjacent land use, traffic characteristics and
adjacent street patterns, volume and character of pedestrian
traffic, present and future availability of parking space and its
location, desirability of providing parking, community reaction
toward an improvement, and, finally, economic feasibility and
availability of funds.

It should always be kept in mind that urban and suburban
arterial improvements must serve traffic well into the future,
possibly up to 25 and 30 years hence. Therefore It is desirable
that improvements be made in a manner that will permit future
changes at a minimum expense and a minimum disturbance to
adjacent property. Because future conditions involving a street
network may differ from existing conditions, ultimate develop-
ment of a project may differ considerably from its initial oper-
ation. The most common occurrence which necessitates changes
in operation is increased traffic demand on existing facilities.

One method of providing greater traffic capcity on a
street network is conversion from two-way to one-way operation.
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Cases where a future one-way grid system is contemplated
should reflect designs flexible enough that the change can easily
be made.

Another solution to the problem of providing greater
future traffic volumes involves the removal of parking. It may
be practicable to provide auxiliary or parking lanes in the im-
provement with the intention of ultimately securing this extra
Street width for additional capacity. Unfortunately, it is seldom
an easy matter to remove parking from an arterial street in the
areas where additional traffic capacity is most greatly needed.
However, where improvements are financed with road user
taxes, the parking of vehicles on such facilities must be regard-
ed as a privilege by both the owners of adjacent property and
the road user. The community should be advised well in advance
when project development of this type involves the ultimate re-
moval of parking. Where parking is considered essential, the
alternative of providing off-street parking as opposed to on-
street parking should be investigated.

The adoption of a 'minimum standards policy' may ap-
pear a useless endeavor in view of the many considerations that
must be taken into account in the development of each individual
arterial improvement project. A "minimum standards policy,
however, is defended on the basis that if applied it should tend
to provide similar solutions to similar problems and, conse-
quently, alleviate to some extent the unexplainable wide var-
iances which are found in different street sections. The adoption
and employment of such a policy should also provide arterial
facilities which will serve traffic better for longer periods.

Perhaps, in conclusion, it would be well to review some
of the broader aspects and problems associated with urban-
suburban transportation and related street improvement. The
primary objective of any arterial improvement project is, of
course, to increase the traffic capacity of a street network, re-
duce delays to through and local traffic, and decrease accidents.
Thus, it is the engineer's responsibility to accomplish this
objective in the most economical manner, considering all pos-
sibilities. The overhaul and extensive widening of arterial routes
may or may not provide the most economic solution. The best
solution could possibly involve the construction of comparatively
few miles of controlled access highways as opposed to an exten-
sive arterial improvement program. The important problem to
be solved is how to gain maximum rate-of-return on urban in-
vestment, not whether this street or that street has a width less
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than an established standard.

Another problem that possibly has not been given enough
thought in the past is the matter of terminal facilities and their
relationship to urban-suburban street improvement. It is
recognized that terminal facilities in downtown areas and other
major zones of origin and destination are as important to trans-
portation requirements as are streets and roads. It is ques-
tionable, however, as to who should be primarily responsible
for the development of terminal facilities. On.-street parking is
the commonly adopted method of providing terminal storage.
The adjacent property owner definitely benefits from this ar-
rangement, but for what share of its cost Is he responsible?
Also, can the revenues gained from road user taxes be justi-
fiably expended for facilities which do not provide for the move-
ment of vehicles?
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URBAN-SUBURBAN STREET IMPROVEMENT STANDARDS
Design of Sections

Roy B. Sawhill

T-ntvndiirt4 nn

The Highway Bill of 1956, which created 41, 000 miles
of interstate highways system, was a major stimulus for addi-
tional first-class highway construction. This is particularly
true in the urban areas where construction costs are beyond the
revenue resources of the city, county and, many times, the
state highway department. The Federal Home Finance Admin-
istration has also provided federal funds through 701 programs,
urban renewal, and other special studies, which are primarily
slanted towards the urbanized areas. Although these latter
sources of support for planning, engineering, and traffic studies
have been a shot in the arm to the urban areas, the urban and
suburban administrative officials still face the problem of de-
ciding what type of study program to pursue.

Many times finances dictate that only a partial study or
one part of a comprehensive approach to the solution can be
performed at a time. One of these major decisions is to de-
termine whether a land use plan should be pursued first or an
arterial street plan. In some instances this is not a difficult
problem because some municipal areas may have already had
one or the other of these studies previously performed by their
own staff, and so many of the planning or arterial street loca-
tion problems have been ascertained. In other municipalities
the land development and geography dictate that the land use
and/or the arterial street network is partially predetermined.
This is not always the clean-cut solution; therefore the officials
must usually decide which comes first.

From observations of studies completed under this
method of federal support, there is strong indication that when
planners pursue the studies for the urban areas the major em-
phasis is on the land-use planning and zoning, but when engineers
tackle the studies, emphasis is placed mostly on the arterial
street location and design. Nothing could be more frustrating
to the traffic engineer in attempting to design the proper location
and type of arterial street network without information regard-
ing the abutting land use and the character of the potential area
development. Likewise, the planner is likely to be frustrated
in attempting to do land-use projection studies and facilities

95



planning without some basic concept of the requirements for an
arterial street network.

Ideally, these two types of studies should be conducted
as one package type of study. However, being more realistic,
at least one of them should contain in the contract an agreement
that the other phase should be considered at least to some
limited degree. From this limited review subsequent studies
could then make a more detailed analysis of the arterial street
plan, the CBD plan, and traffic circulation or the parking re-
quirements for the future.

The design of the cross section of a roadway is not
merely a detail of design for the traffic engineer or highway en-
gineer consistent with an arterial street plan, but is important
also to the land planners in indicating to them the right-of-way
requirements and the possible access control that will be nec-
essary. This paper is intended to pinpoint the decisions to be
made relative to right of way and street widths.

Desien of Cross Section

From this preliminary introduction it is apparent that
before the cross section can be ascertained, two classifications
must be determined

1. The kind of street as denominated by traffic use.
This would be a freeway, an expressway, a major arterial, a
secondary arterial, or a local access street.

2. The kind of area being served by the facility.

To illustrate Item 1 on traffic requirements, Figure 1
indicates in a diagram form the approximate average daily traf-
fic-volume requirements consistent with six types of general
street classifications. This chart shows that access streets can
be expected to carry traffic volumes from 0 up to 2400 vehicles
per day. Two-lane secondary arterials have a traffic volume
ranging from 750 to 2500 vehicles per day, while major two-lane
arterials will carry traffic volumes between 2500 and 4000 ve-
hicles per day. Any traffic volume in excess of the 4000 not
only warrants major arterial consideration, but also at least
four-lane traffic carrying capacity. This information is con-
sistent with traffic volume and street classification character-
istics published as standards, not only by the federal govern-
ment, but also by state and city and research agencies.



The National Committee on Urban Transportation in the
procedure manual 'Standards for Street Facilities and Services"
presents a summary of minimum design standards, given in
Table 1.

It is not the specific purpose of this paper to discuss
freeways and expressways with regard to cross section, but to
concentrate more on the urban and suburban problems of major,
secondary, and local access-street configuration and cross-
section design.

The first six design elements given in this table are per-
tinent to guide the responsible administrative officials in de-
veloping cross-section design requirements. However, the
author feels from professional experience in conducting arter-
ial street studies, that there is a need to be more specific in the
use of the design elements as they are related to land use and
street classification by type. The National Committee on Urban
Transportation points out that in using this table a review is nec-
essary to make adjustments to fit the local conditions. In an
attempt to be more specific, cross sections have been prepared
which correlate the classification of the street on the basis of
traffic volume and also its classification regarding the use of
the abutting land. Once the land is zoned and the street is clas-
sified, the approximate type of traffic composition can be de-
termined and the thickness detail of the cross section decided.
As an example, a secondary arterial in an industrial area will
be expected to carry a larger percentage of the heavier weight
commercial vehicles, and the structural requirement will be
more severe. Consistent with this analysis, the pavement
thickness has been designed as shown on Figures Z, 3, and 4,
with alternates of either asphaltic treatment or Portland cement
construction. These cross-section design elements are pred-
icated not only on past professional experience, but also on re-
search information that has been prepared by the University of
Washington in Part I, An Equitable Solution to the Problem, of
the research report "Allocation of Roads and Street Costs,
published in 1956.

Figure Z gives the minimum street design standards for
access streets in outlying or undeveloped areas as well as de-
veloped areas, with consideration given to the land use accord-
ing to its designation as residential, commercial, or industrial.
For this paper, these four possibilities of design cross section
have been given the classifications of VII, VIII, IX, and X. As
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can be seen from this figure the surfaced roadway will vary from
a 20-foot light bituminous surface-treated roadway for an access
street in an undeveloped residential area, to a 36-foot curbed
roadway in a commercial or industrial area where additional
thickness of the pavement is required to carry heavier wheel
loads. For these access streets at least 60 feet of right of way
should be provided.

Figure 3 shows the cross-section requirements for sec-
ondary arterials in residential, commercial, or industrial areas;
the ones classified in this report as Glass III, IV, V, and VI.
Here, it can be seen that the street surfaced portion varies from
22 feet to 40 feet, depending upon the land use. Right-of-way
requirements will range from 60 to 70 feet.

Figure 4 shows the minimum street design standards for
major arterials with an average daily traffic exceeding 4000
vehicles, or a four-lane requirement. The Glass II street is
for all land-use areasresidential, industrial, or commercial
in the outlying or undeveloped areas. The Glass I street is
indicated as a special situation primarily because more detailed
information is needed regarding the design hourly volume. In
urban areas the capacity of an arterial Is generally controlled by
the intersections. The capacity of these intersections is, in
turn, related to the vehicle turn movements, percent commer-
cial vehicles, and the signal timing. The cross section shown
for this class is purely a suggestion, and additional width should
be supplied consistent with increasing traffic-capacity require-
ments. Detailed capacity considerations are contained in the
"Highway Gapacity Manual" published in 1950 and revised in 1956.
This manual will be completely revised in 1962, and is highly
recommended for use in designing arterial street intersections
in urban areas.

For the case of major arterials with traffic volume less
than 4000 vehicles per day, which would require only two moving
traffic lanes, it is recommended that Glass III, IV, V, and VI
standards for secondary arterials be referred to for cross-sec-
tion design. However, the pavement thickness should be in-
creased slightly to carry the increased traffic and commercial
vehicles.

It should be pointed out that all of the cross sections shown
in these figures anticipate that in the developed areas parking at
the curb is provided for. There are many locations in hilly urban
areas with good views that would require additional construction
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costs to provide for two moving traffic lanes plus two lanes of
parking; therefore the economical alternate might very well be
to require the parking to be restricted on one side or both sides.

As should be obvious from what has been presented,
traffic-volume requirements are broad enough that right-of-way
requirements can be determined without a great deal of difficulty.
If the only requirement Is to know the demand for right-of-way
provisions for future street construction, the decision making is
quite simple. However, the details of each individual design
for implementing an arterial street network are predicated on
sufficient knowledge of the land use and also on the classifica-
tion of the arterial before the pavement width and thIckness can
be ascertained. In the report the aim has been to narrow down
the decision in a graphical form, as presented in the figures.
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NOTES

PROFILE GRADE TO FIT DRAINAGE AND
ADJACENT PROPERTY

PROFILE GRADES WILL NOT NORMALLY
BE THE SAME ELEVATION ON BOTH SIDES
OF STREET RUT S AOULD RE ADJUSTED
TO FIT PROPERTY AS NEARLY AS POSSIRLE
WITYOGT IMPAIRING DRAINAGE

USE PARABOLIC CROWN AT LEAST FOR
OUTER QUARTERS. DEPENDING ON COND-
ITIONS.

MAXIMUM SLOPE AT EDGE OF PAVEMENT
TO RE 0.04/FT
POSITION OF CROWN VARIES WITH RELA-
TIVE GUTTER ELEVATIONS.

VARY POSITION AND WIDTH OF SIDEWALK
TO FIT LOCAL CUSTOM OR ORDINANCE

SIDEWALKS ARE NOT NECESSARILY INCLUDED
IN CONSTRUCTION. RUT GRADING FOR SAME
SHOULD NORMALLY RE INCLUDED IN DESIGN
WITY PROVISIONS FOR DRAINAGE BACK OF
CURBS.

IF ONE WWY OPERATION IS PROBABLE OR IF
PEDESTRIAN YOLUMES ARE AlGA, FURTHER
STUDY BR TOE rRAFFIC DEPARTMENT WILL
RE NECESSARY IN ORDER TO ESTABLISH
AN APPROPRIATE STREET SECTION
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Table 1

SUMMARY OF MINIMUM DESIGN STANDARDS

Collector Local
Single Single

Familytesign Elements Major Family
Al]. widths in feet) Expressway Arterial Residential Other Residentia Othei

Area Area

4-6 2 4 2 2'lumber of Traffic Lanes 4 up
lidth of Traffic Lanes 12 11 10 11 10 11

idth of Curb Parking
I

Lane or Shoulder 10 10 10 10 8* 10

lidth of Border Area 16 12 10 8 10 8

ledian Width 20 12 -- -- - - --
Tidth of Right-of-Way 120 up 100-120 60 8o 50-60 '0-80

)esign Speed 50 40 30 30 25 25

topping Sight Distance 350 275 200 200 160 60

uperelevation .o8 .06 .06 .06 .06 .06

)egree of Curve 7.6 11.3 21.0 21.0 -- --

brade 3 4 8 8 12 12

* Under light traffic conditions, parking may be limited to one side.
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URBAN-SUBURBAN STREET IMPROVEMENT STANDARDS
Access Control for City and County Arterials

Norman Kennedy and Wolfgang S. Homburger

Historically, streets have served the dual function of pro-
viding access to adjacent land and of moving traffic along their
routes. When all traffic moved at the speed of man or beast, it
mattered little to through traffic if an oxcart pulled out of a
wheatfield or a citizen stepped out of his doorway directly into
the street. The speed and volume characteristics of todays
through traffic, however, have introduced a basic conflict be-
tween the two groups of users that results in some degree of
hazard and inconvenience for each.

In recent years we have tried to separate these con-
flicting functions by designating and designing different roads
with varying emphasis on the movement and access roles of
each. Access control is a major feature of the design for streets
intended primarily for through movement. Figure 1 shows
schematically the principal road classifications. At one ex-
treme, the cul-de-sac provides unrestricted land access but no
service for through traffic; at the other, the freeway provides a
high standard of service for traffic movement but no direct land
access. Between these two extremes other highway types offer
varying levels of service to through movement and to land access.

The extent to which access should be controlled at the
two extremes of street classification is easily settled. For any
street or highway falling between these, basic questions need to
be answered. Which function is really predominant? How much
more predominant is it? What is required in the way of restraint
on the secondary function to insure that the predominant function
can be performed in accordance with some agreed standards?
The answers to such questions will determine the classification
of the highway and the way in which it should be designed and
operated.

If it is decided that the land access function is vastly less
important than the movement function, the facility is classified
as an expressway or freeway. In such facilities, the basic
components are designed entirely for through traffic. Adjacent
land is provided access from separated local streets, which may
be either immediately adjacent to the expresswayin which case
they are referred to as frontage roadsor may serve abutting
lands from the side or rear.
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Where the design includes frontage roads, the land access
from abutting property is not materially changed, but the sepa-
rator between the frontage road and the expressway eliminates
interference of access maneuvers from through traffic. This
method of access control can be used on full freeways, express-
ways with some at-grade intersections, and even on wide city
streets, divided longitudinally into a center roadway and two
outer roadways.

Where frontage roads are not to be provided, it is gen-
erally necessary to purchase the access rights of adjacent land
owners, as well as supplying them with alternate access routes.

Arterials

Arterials are generally defined as being intended prima-
rily for through traffic; serving abutting land only secondarily.
Access to abutting lands is not completely denied, however, (if
it is, the street is classified as an expressway or freeway) and
therefore the nature of the access needs to be characterized be-
fore deciding whether or not to control it.

Access functions of streets include:*

1. Pedestrian access to and from abutting land.

2. Vehicle access to and from abutting land, using drive -
ways or other connecting vehicular paths.

3. Access by occupants of vehicles to abutting land,
leaving the vehicle parked in the street.

4. Access by passengers of vehicles to abutting land,
with the vehicle continuing on its trip.

5. Access of goods carried to and from abutting land,
with the vehicle stopped in the street during the loading process.

*A related aspect is the provision of access between inter-
secting highways. This type of access does not fit neatly into a
schematic diagram. True, in a freeway access to most inter-
secting streets is eliminated, and to the remainingmajor
streets is by means of interchanges. But access to intersecting
streets from local streets may also be kept to a minimum.
This, in fact, is found commonly in modern subdivisions laid
out with superblocks and cul-de-sacs, and having relatively few
street intersections.
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The access function in a street is performed by one or
more of the following features:

1. Pedestrian sidewalks.
2. Driveways into the street.

3. Parking spaces at the curb.

4. Passenger loading spaces at the curb.

5. Truck loading spaces at the curb.

Highways designed to perform no access function (i.e.
freeways) contain none of the features just enumerated and,
indeed, usually are fenced at the right-of-way lines to prevent
unauthorized use of the facility for land access. Other classes
of highways may have some or all of these access features in
varying amounts or degrees of development.

Methods of Access Control

1. Pedestrian access: On arterials, pedestrian access
to abutting land is not eliminated. However, it may be de-
emphasized (and movement functions correspondingly enhanced)
by reducing the width of sidewalks.

2. Vehicle access: On most arterials, vehicle access
to abutting land is not eliminated, but points of access (curb cuts
and driveways), especially near intersections, are usually reg-
ulated by ordinance. Vehicle access can be reduced to some
degree if lots on corners are provided with access to side streets
rather than the arterial. Complete elimination of curb cuts and
driveways is possible if alleys are furnished paralleling the
arterial at the backs of the abutting properties.

3. Access of vehicle occupants: Access to adjacent
property by vehicle occupants, when the vehicle itself is parked
within the street, is often reduced or eliminated on arterials.

a) Selective access restriction is effected by
limited curb parking regulations. Time-limited parking zones
deny access to all-day users of abutting properties. Peak
period parking prohibitions eliminate access for vehicle occu-
pants wishing to be on abutting property during such hours.
Loading zones eliminate occupants of private automobiles from
using particular curb space for access.

b) Complete elimination may be effected by per-
manent "No Parking regulations.
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c) Greater emphasis on access is sometimes
achieved by allowing angle parking at the cost of reducing the
movement function on streets. However, this can only be allowed
on the widest arterials, where ample road space remains for
through movement.

4. Access by vehicle passengers: Access by vehicle pas-
sengers, when the vehicle continues on its trip, requires some
curb space for unloading and loading. Such access may be en-
hanced by establishment of passenger loading zones for buses
and/or automobiles. It is also provided when parking is pro-
hibited, but stopping is allowed.

5. Access for goods carried by vehicles: Goods may be
transferred to and from abutting land while the vehicle itself
remains in the street during the trans-shipment process. Such
access can be enhancedat the cost of other forms of access
by establishment of loading zones. It can be reduced or elim-
inated by regulations governing such vehicles. Zoning regula-
tions may require off-street loading docks in commercial
buildings so that the loading function may be removed from the
arterial, or, indeed, from any class of street.

Benefits to the Movement Function

1. Pedestrian access control: De-emphasis of pedes-
trian access functions through the narrowing of sidewalks
provides more roadway width, and hence more capacity for
movement of vehicles in the roadway.

2. Vehicle access control: Every curb cut and driveway
is a point of potential conflict to through traffic. Control of ve-
hicle access will reduce or eliminate these points of disturbance
and improve the operation of the affected traffic lanes.

3. Access by vehicle occupants: Time-limit curb park-
ing restrictions have, sad to say, no beneficial effects on traf-
fic flow. In fact, an increase in parking turnover means an in-
crease in parking maneuvers and a corresponding increase in
the conflicts presented to through traffic. However, complete
parking prohibitions during certain hours or permanently
making additional street width available for moving traffic will
enhance the movement function of the arterial.

4. Access by vehicle passengers: Control over pas-
senger loading zones permits their location at those points which
will tend least to disrupt moving traffic. Complete elimination
of passenger accessNo Stopping' regulationswill assure
smooth flow for moving traffic in the curb lane.
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5. Access for goods: Control over truck loading zones
similarly permits their location at suitable points and, in ad-
dition, tends to reduce double parking by trucks. Absence of
suitable loading zones may, in fact, bring the traffic lane adja-
cent to the curb lane to a halt every time a truck double parks.

Degree of Access Control Required

The degree of access control required will depend on
the level of movement service to be furnished. The NaCUT
(National Committee on Urban Transportation, tStandards for
Street Facilities and Services, Chicago: Public Administra-
tion Service, 1958. Procedure Manual 7A) has proposed cer-
tain standards for arterials and for the level of service which
they should offer. Design of an arterial should permit such a
level of service to be available to the anticipated volume of
through traffic. After such accommodation has been made, the
remaining street capacity can be developed for access uses.
However, it may never be possible to provide all the desired
amenities to through traffic if the facility is to remain in the
arterial category.

It would seem presumptuous, not to say difficult, to set
forth a table of standards. More appropriate might be a sug-
gestion that the analysis of an arterial include the following
steps:

1. Comparison of geometric dimensions with the stand-
ards of the National Committee.

Z. Comparison of overall speeds on arterials with the
standards of the NaCUTZ5 mph in peak hours and Z5-35 mph
in off-peak hours.

3. Comparison of accident rates with the maximum
levels which NaCUT feels can be achieved.

If the arterial falls short on any of the above compari-
sons, the various methods of improving through movement at
the expense of accessibility to adjacent land may have to be used
singly or in combination. In addition to estimating the degree of
improvement to the level of service for through traffic, each
alternative must be evaluated from the point of view of cost,
effect on the adjacent land, and political implications. It must
be recognized that certain types of land use are more dependent
on maximum accessibility from adjacent streets than others, and
that access de-emphasis might be unacceptable in such areas.
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Consideration might even have to be given to shifting the arte-
rial status to another street if the land access function on the
present arterial cannot possibly be reduced.

We must continually remind ourselves that final deci-
sions will be made by the city or county governing body. The
engineer and planner must clarify the issues to his board in
terms of the conflicting needs which an arterial attempts to
meet. They must show the degree to which both traffic move-
ment and land access can be met in alternative solutions. They
should recommend the optimum development for the arterial
and be prepared to justify their choice in the arguments on
movement versus access which are sure to follow.
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COORDINATING URBAN TRANSPORTATION STUDIES
The Engineering Concept

R. C. Blensly

Historical

Development and growth of American cities during the
latter part of the Nineteenth Century and the early part of the
Twentieth Century were influenced by the modes of transporta-
tion consisting of street-railway systems, horse-drawn vehicles,
bicycles, and pedestrians. These relatively slow and limited
modes of transportation resulted in a concentration of business
and retail outlets in a central area, commonly called the "Cen-
tral Business District" (CBD). Inasmuch as the majority of the
movement of persons in an urban area was from home to work,
there was a necessity of providing as short a distance between
these two areas as possible. This resulted in the development
of multifamily housing adjacent to the central business district.
The families with more financial independence and the ability to
provide horse-drawn vehicles of transportation lived on the
fringe of the residential development in single-family dwelling
units.

Those areas which were served by railway or streetcar
lines experienced considerable residential development. The
basic gridiron pattern of city streets, which was developed
during this period, was adopted to facilitate land subdivision
and to provide access to private property, with very little con-
sideration given to providing for movement of goods and persons
in a large number of individual vehicles.

The development in the Twentieth Century of a mode of
transportation usable by the individual and capable of providing
travel for relatively long distances in short periods of time
has had a pronounced effect on the development of urban areas.
The private automobile has made it possible for individual
families to move relatively easily and with little regard for the
distance and direction required to travel. The relatively high
average income has made it possible for most families to own
at least one automobile. Use of this automobile has allowed
more and more families to live in single-family dwelling units
and not have to worry about the problem of walking or using mass
transit to move from their homes to places of employment,
shopping, or recreation.
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Use of the automobile for transportation in the past decade
has been accompanied by a shift of population from the rural to
the urban area. Increasing efficiency of the methods and equip-
ment used for farming has reduced the need for the number of
people remaining on farms. Increased standard of living of the
American people has increased the need for personnel working
in the services of manufacturing industries. These technolog-
ical changes have brought about a natural shift of population
from rural to urban areas.

Introduction of the automobile as a more flexible and
convenient method of transportation for the individual, resulted
in a sprawl-development of single-family dwelling units. Dur-
ing recent years, a large portion of this expansion has been in
the suburban fringe areas adjacent to incorporated cities. To
provide services for this suburban population, many retail
establishments for consumer goods have established suburban
shopping centers near the concentration of residential homes.
Although some businesses have been removed from the central
business district, it still provides many services and goods
which are not available in outlying shopping areas. The central
business district remains as a definite focal point for a large
number of trips made in an urban area.

Improved methods of transportation have had their
influence on commercial and industrial expansion, as well as
residential development. Commercial and industrial expansion
is now dependent to a large extent on the availability of highways,
roads, and streets, with only few dependent on railways.

The resulting changes in the development of urban areas
and methods of providing transportation for persons and goods
have resulted in some very serious problems. The mass transit
industry has been losing patrons quite steadily to the more flex-
ible private automobile. The use of mass transit normally is
less attractive than the use of private automobiles because its
users must conform to fixed routes and schedules, and do not
have the independence and flexibility of operation which the
American people desire.

The present average income for families is of sufficient
amount that it is not financially necessary for large portions of
our population to use mass transit. The dispersing of our shop-
ping areas from the central business districts to suburban
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shopping centers has made access much easier. The conven-
ience of the private passenger car and the relatively short
distances required to travel to the shopping centers, has re-
sulted in a large number of vehicle trips. The result of these
changes in urban development and transportation vehicles has
been congestion on the streets and a lack of parking facilities
at the terminals of these trips.

Transportation Planning

The past development of our urban areas has not been
based on a coordinated and well planned program. In most cities
the areas within the incorporated limits have been subject to
some control with respect to subdivision of land and development
of transportation facilities. However, the growth of urban areas
has been largely outside of the incorporated limits in areas for
which there has been practically no control for subdividing lands
or the provision of adequate allowances for future transportation
needs. The lack of coordination in the development of urban
areas has created many transportation problems which must be
resolved if the community is to provide the facilities and serv-
ices which the general public has come to desire.

Development of an adequate transportation system for an
urban area requires the combined efforts of all political juris-
dictions and public employees involved in the development of

public improvements to obtain, analyze, and integrate the fac-
tual data which will provide the basis for the development of a
transportation system.

The engineer in the past has been primarily concerned
with the economics of locating a vehicular roadway, and he has
not been prone to give adequate consideration to the effects upon
the location of a roadway to items such as the subdivision of
homogeneous areasconstruction of barriers denying access to
schools, churches, hospitals, and other community areas; the
most desirable form of land useand many other problems which
face the local officials in an urban area.

The trend in the past few years of decentralization in the
urban areas and the increased mobility of the general public re-
sulting from the increased use of private automobiles has re-
sulted in severe congestion, delays, and increased accidents on
most of the arterial streets in the urban areas. To reduce the
congestion, delays, and high accident potential, new facilities
have been provided to move the long-haul traffic in such a manner
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that it is insulated from as much other traffic as possible.
These improved facilities are being constructed with access
control that prohibits promiscuous crossings and service to
abutting property.

Provision of access control facilities has brought in-
creasing problems to the urbanized areas. To overcome these
additional deficiencies, engineers have recognized a need for
the coordinated development of the transportation system with
other functions provided in an urban area. This correlation of
planning requires the combined and united efforts of construc-
tion engineers, traffic engineers, urban planners, and public
transit operators and other civic officials to develop a trans-
portation plan which will recognize all of the urban problems
and coordinate these problems to provide a transportation sys-
tem which will better serve the general public by maintaining
the continuity of urban development and still provide transpor-
tation with a minimum of congestion and delay.

In recognition of this need for coordination, there was
established in recent years a National Committee on Urban
Transportation. This committee has developed an outline of
procedures necessary to assist in the development of a co-
ordinated transportation system. The general guide, 'Better
Transportation for Your City, ' outlines the general procedures
which should be followed in the development of transportation
planning. Supplementing this publication is a series of pro-
cedure guides to be used by technical personnel in collecting
and developing the data necessary for the orderly planning of a
transportation system.

Experience in any urban area indicates that the success-
ful transportation planning can be developed best in six orderly
steps or stages, which may be briefly listed as follows:

Stage I, Organizing for the Job
Stage II, Getting the Transportation Facts
Stage III, Defining the Problem
Stage IV, Developing the Transportation Plan and Finan-

cial Program
Stage V, Adopting the Preferred Plan and Financial Pro-

gram
Stage VI, Carrying out the Plan

The stages outlined for the development of a transpor-
tation system require an organization to develop coordination
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among the many jurisdictional agencies normally involved in an
urbanized area. The National Committee outlined an organiza-
tion that implies a single political jurisdiction for the major
portion of the study area. Therefore, they recommend the ap-
pointment of a program director to supervise the program, and
a technical coordinating committee composed of key officials of
municipal departments and other agencies to assist and advise
the director.

The urban areas in Oregon generally consist of several
political subdivisions, and therefore no one agency has assumed
the responsibility for urban planning. The organization for
studies in Oregon has vested the program supervision in a co-
ordinating committee consisting of representatives from each of
the political jurisdictions. Each representative has been a
policy making member of his agency. In many instances, the
members are the political heads of their jurisdiction.

A Technical Advisory Committee whose membership
consists of technical personnel familiar with the procedures to
be employed in planning and executing the study has been es-
tablished to supplement and assist the Coordinating Committee.
The Technical Advisory Committee membership normally con-
sists of the individuals who head up the fact finding projects for
the program.

Experience in Oregon has indicated that this form of
organization has been successful in developing coordination for
the planning of the transportation system. Timing for develop-
ing the Coordinating Committee and the Technical Advisory
Committee, however, has not been the same for all the studies
conducted in Oregon. For the Portland-Vancouver metropolitan
area, the need arose for obtaining the factual data necessary to
develop the transportation plan in such a manner that it was
imperative that the preliminary planning for collection of factual
data be completed before an official coordinating committee was
established. Inasmuch as the procedures necessary for col-
lecting the factual data were well under way at the time the co-
ordinating committee was established, an immediate need was
not recognized for the appointment of a Technical Advisory Com-
mittee. Problems did develop, however, which indicated that
the establishment of the Technical Advisory Committee would
improve liaison among the various organizational units respon-
sible for development of the factual data.

Planning was completed for the Salem area on an informal
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basis by a group of officials who would normally be charged with
responsibility of fact gathering for the development of the trans-
portation system. Upon completion of the preliminary plan-
ning, a suggested approach was presented to an existing organ-
ization, the Inter-Governmental Cooperation Council, for con-
sideration. This group consisted of the political heads of the
jurisdictions in the urban area. With some minor modifications,
the Inter-Governmental Cooperation Council accepted the re-
sponsibility as the Coordinating Committee, and appointed the
study group as a Technical Advisory Committee.

In the Eugene area, the Coordinating Committee and the
Technical Advisory Committee were created at approximately
the same time, and major responsibilities for preliminary
planning, development of the procedures, and the collection of
factual data were assigned to the Technical Advisory Committee
by the Coordinating Committee.

Assembly of a technical staff to perform the physical
acts of gathering and analyzing the factual data desired has
taken several different forms. One of the most popular for
larger metropolitan areas has been the establishment of a
project staff under the supervision of a full-time director. This
type of organization requires a financial contribution of each
participating agency based on a predetermined allocation of cost.
The project director normally reports directly to one of the
major participating agencies. The working personnel for this
type of organization may be transferred from other duties or
employed specifically for the project. The latter course re-
quires hiring key personnel with a very high level of ability and
specialized experience, with no guarantee of long-range em-
ployment.

Another way of handling the problem is to recognize
the abilities and responsibilities of each of the participating
agencies and assigning to them those portions of the overall
study for which they have personnel with the proper training and
background, or where it is more convenient, to work locally and
to coordinate work performed by individual agencies through the
Technical Advisory Committee. Organizations of this type
present some coordination problems, however, although this
has not been an obstacle to date in any of the studies conducted
in Oregon. The Technical Advisory Committee, consisting of
technical personnel from participating agencies, evaluates the
abilities of each of the participating agencies to develop a rec-
ommended division of responsibility for participation in the
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various stages of development of the transportation plan. The
recommendations of the Technical Committee can be presented
to the Coordinating Committee, which normally consists of the
policy making members of the participating agencies, and
therefore can be approved with assurance that each partici-
pating agency will follow through on its assigned responsibility.

In conclusion, it has been recognized that the needs of
an urban area are so complex and inter-related that no one
single agency is normally in a position to coordinate all activ-
ities or to integrate all of the urban needs in the development
of a transportation system which will provide adequate trans-
portation for the present and for the future. Therefore, all
agencies having the responsibility for the development of public
service facilities in an urban area must join together to pro-
vide a well integrated and coordinated urban transportation
system.

The engineer many times is confronted with an ex-
tremely difficult problem. He recognizes that he must be a
part of the team to develop a coordinated transportation sys-
tem. He further realizes that the roadway facilities which he
constructs have a definite result on the development of the
community and the development of other public service facil-
ities. In spite of these recognitions, however, he is often
confronted with financial limitations which preclude providing
all roadway facilities in accordance with the most ideal con-
ditions as envisioned for the transportation system.

He must, therefore, based upon his judgment and eval-
uation of the supporting data used in developing a transportation
system, provide transportation facilities integrated with other
community activities to the extent possible and still remain
within the financial means. This many times results in a rather
simple down-to-earth location and design and the elimination of
some of the grandiose appurtenances felt desirable to provide
the finishing touches and aesthetic values desired within an
urbanized area.
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TRAFFIC SAFETY
Accident Records

David W. Schoppert

Engineers use accident records for a variety of reasons
and in a variety of ways, but all of these relate back to a very
simple fundamental. The purpose of our efforts is to build and
operate a road and street system which gives the people safe,
convenient, economical transportation. The test of our efforts,
then, is the degree of safety, economy, and convenience which
the people enjoy. Of those three general measures, only one
safety--can be measured directly. So, we collect and analyze
accident records. In actual practice we use them in four gen-
eral ways:

1. To help develop improvement programs.

3. To help sell the program.

3. To help prove the effectiveness of past work.

4. To help focus enforcement and educational programs
on questions of interest to us.

Now, let us look at those four a little more specifically.
In developing a program we begin by locating those sections on
the system where accidents are occurring, then by studying the
accidents to determine what might be done to reduce these.
We use norms of one kind or another to compare each section,
we do research to devise and test ways of reducing accidents,
and we use spot maps or tabulations to locate the bad sections.

The kinds of improvement vary from entire new concepts
of designfor example, the principle of freewaysto such
mundane and seemingly insignificant things as cutting brush or
moving signs.

The cumulative effect of engineering measures is really
very dramatic, and engineers can take real pride in the signif-
icant and lasting contributions they have made to traffic safety
over the years.

Once an improvement or a program is developed, it must
be sold. I use sold here to include both administrative and
public approval. In this regard accident records can be of in-
finite value. They show, as few other facts can, the value of
improvements, the reasons for the type which was chosen, etc.
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This includes not only physical improvements like widening,
realignment, and resurfacing, but operational improvements
as well, such as one-way streets, turning prohibitions, chan-
nelization, signing, etc.

It is surprising how extensively accident records can he
used. In one state it was noted recently that certain areas had
nearly all of the skidding accidents. In the course of trying to
discover why, it was found that in the areas with many skidding
accidents the aggregates used in paving were different from
those used in other areas. Testing of these aggregates under
different conditions showed that although they passed the con-
struction specifications with flying colors, they polished after a
period of time and a few weather cycles to the point where they
were dangerously slick. The odd thing was that they were not
apparently slick, and this situation had gone unnoticed for many
years. Specifications for paving aggregates have since been
changed, and skidding accidents are on the decline.

This is just one example, there are innumerable others
dealing with every engineering function from planning and design
through construction and maintenance.

We also use accident records to prove (or disprove) the
effectiveness of things we have. We knew that freeways would
be safer than conventional roads and streets, but I doubt if
many of us foresaw just how much safer. It was not until we
had experience with them that the "doubting Thomases" were
satisfied. To progress we constantly have to learn from our
successes and our failures. In a profession known for a factual
bias, the old saying, "Well, we haven't had any complaints, "
just will not cut the mustard. We insist on knowing how much
better or how much worse, and accident records tell us.

The great strides in safety over the years have come
from adopting the good and discarding the bad. Accident
records have frequently been the deciding factors. Let us face
itit costs as much, sometimes more, to build a bad highway.
Economy is not always a clear indicator of the desired prac-
tice. An unsafe highway may be just as convenient as a safe
one, so convenience does not always give the answer. How-
ever, we frequently can build in safety at no extra cost and no
sacrifice in convenience. We have learned, and can show the
scars to prove it, that regardless of how good a highway looks,
if it isn't safe it will stand there belittled and detested by the
public, a discredit to our profession and a haunting reminder of
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poor use of public funds.

Lastly, we recognize that our profession does not have
all the answers, that education and enforcement can be effective
partners with engineering in wringing the last ounce of safety
out of our road and street systems. So, we use accident
records to show us how to focus these on our problems and to
help us explain to our friends in enforcement and education what
we want and why we want it.

For example, we have worked with both educators and
enforcement officers to help the traveling public adjust to the
different demands of freeway driving. A few engineers are
reversing this and using police arrest records to help them
locate places where the public is getting into trouble, on the
logical assumption that places where many arrests are occur-
ring might have basic faults in signing or other subjects of
engineering concern.

Engineers do all of these things I have briefly discus-
sed, but not all engineers do them. This is a point of concern
to all of us. Accident records are exclusively for the use of
highway departments and large cities. They can be helpful to
anyone with road or street responsibilities. Moreover, the
techniques for using them are simplemostly just common
sense. Any city or any county can have good accident records
at very little cost. If you are not using them, you should be.

Remember, these can help you:
1. Develop improvement programs.
Z. Sell your improvement program.

3. Prove the effectiveness of just work and therefrom
improve in the future.

4. Focus enforcement and educational programs on your
problems.

I have listed below certain publications which are helpful,
and all state highway departments will help the cities and counties
to get the records and put them to productive use.

Procedure Manual 3E of the National Committee on Urban
Transportation describes a procedure for maintaining accident
records. It was prepared by the National Committee on Urban
Transportation and published by the Public Administration Service.
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It is available from the publisher for $1.50. Write Public Ad-
ministration Service, 1313 E. 60th Street, Chicago 37, Illinois.

Other good sources of information are National Safety
Councilts Public Safety Memos Nos. 40, 69, and 75.

For accident investigations by the police, there are
several sources, one of the best is the Traffic Accident Inves-
tigator1s Manual for Police, published by the Traffic Institute
of Northwestern University.

For engineering studies of high accident locations, the
Manual of Traffic Engineering Studies is a good source. It is
available from the Institute of Traffic Engineers.
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TRAFFIC SAFETY
Auto Crash Injury Research - Some Further Thoughts

Max deNovellis

In the field of traffic safety there are two approaches to
the problem of how to reduce the frequency and risk of death
and injuries due to the automobile accident.

The first approach is concerned with prevention; keeping
the accident from occurring in the first place. The difficulty in
this approach is that we still know all too little about what causes
accidents, so that whatever preventive measures that may be
adopted and implemented in all good faith are still in the hit and
miss class, with little or no way to measure their effectiveness.

To compound this dilemma, we have an ever increasing
car population which is rapidly outstripping police enforcement
and road engineering efforts to keep up with it. Experts tell us
that in the next decade or two, to keep pace with the expected
large increase in vehicle mileage, we shall have to reduce the
accident rate by nearly 50 percent from what it is now in order
even just to stand still.

The second approach to injury prevention is less widely
known, having come into prominence only within the past half
dozen years or so, but it is one which holds a good deal of
promise in helping to reduce the highway death and injury toll.
Predicated on the possibility that accidents may continue to
occur despite the best of prevention activities, Cornell Univer-
sity set out to find the causes of impact trauma. The collection
of accidents on a mass basis, through a cooperative team effort
involving state medical, public health, and law enforcement
groups throughout the United States, has afforded Cornell the
opportunity to scrutinize the data by mathematical means in
order to recognize common injury patterns, as related to the
interior design of the automobile, and their obvious variables.
These data, on analysis, are being used as guides by the auto-
motive industry in the development of devices to protect auto
occupants from the forces involved in an automobile crash.

Through this team effort, various aspects of the crash
injury problem have been under investigation. Among them are
a study of automobile doors opening under crash conditions;
ejection and automobile fatalities, a report on safety belt ef-
fectiveness; an evaluation of door lock effectiveness; child
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injuries in automobile accidents; and a study of speed in injury-
producing accidents.

In this paper I would like to deal with some of the more
recent findings as related first to door lock effectiveness and
the ejection factor; secondly, the seat belt syndrome; and,
finally, speed as related to accident configuration.

Perhaps in no other area of automotive safety has a more
important contribution been made than the development of bet-
ter door locks which came on the market with the introduction of
the 1956 car model. A brief review of some of the earlier
findings by ACIR, beginning back in 1957, will be undertaken.
This was when the concept of being "thrown clear" of an auto
when an accident occurred was shown to be the exception rather
than the rule. It was found that ejection was a frequent and
hazardous event when doors opened under impact conditions,
and that the differences in the risk of fatality was five times
greater for ejectees than for those who stayed inside the car.

Later ACIR studies were concerned with two ways to
prevent ejection. One was the seat belt. The effectiveness of
this simple device had been demonstrated in a very early crash
injury study of aircraft accidents, but it was not until 1956 that
ACIR, in an analysis of a small sample of seat belt cases,
indicated that a substantial reduction of dangerous and fatal
injuries could be accomplished with increased seat belt usage.
It was from a larger and more cohesive sample collected in
California that ACIR was able to examine the effectiveness of
seat belts. In this study, done in 1960, we found that the use of
seat belts reduced major and fatal injuries by about 35 percent,
and that possibly two-thirds of this reduction resulted from the
control of occupant ejection.

Another way of keeping people inside the car is, of course,
to keep the doors closed. Beginning with the 1956 car model,
when car doors were modified to curb occupant ejection, it was
felt that this type of safety engineering had an advantage over the
employment of seat belts in that it required no unusual action on
the part of the occupant.

The true test of the effectiveness of new door locks was
yet to be undertaken and could only come from actual crashes on
the highways. A study of post-1955 automobiles with modified
door locks as compared with older model cars in order to de-
termine the effectiveness of the new locks was undertaken by
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ACIR. This paper dealt with a comparison of pre_ 1956 cars
with post-1955 cars under similar conditions of highest impact
speed (in the accident), principal area of impact and body style,
in order to determine if the frequency of one or more front doors
opening, of occupant ejection, and of dangerous or fatal injury,
had changed. Some of the principal findings will be discussed in
this paper.

With a growing public awareness of the fact that better
door locks and increased seat belt usage could protect car oc-
cupants in case an accident occurs, ACIR has gone on to study
seat belt usage to determine whether there is a possibility that
the introduction of belts might increase the frequency or sever-
ity of certain injuriesparticularly those in the abdominal
region. From the medical point of view, it is well known that
in any prophylactic or therapeutic regimen, the introduction of
a new variable usually leads to a modification of a clinical pic-
ture. Just as the use of penicillin has led to numerous ex-
amples of penicillin allergy or anaphylactic reactions, so in the
use of seat belts many physicians and investigators feared that
the belt itself might contribute to many untoward situations and
injuries. In brief, it was suspected that a "seat belt syndrome"
might appear.

Review of available data in the literature, particularly
with reference to the injury effects of belts in automobile ac-
cidents, indicated the need for further study in order to de-
termine the relationship between seat belts and abdominal or
other lower torso injuries. In an effort to provide this infor-
mation and to determine whether such factors as accident
conditions, belt failure, or occupants physical characteristics
were associated with seat belt caused injuries, a study was
undertaken.

The principal aim of this study was to determine whether
seat belts were a direct cause of injury. Consequently, the
study is limited to abdomen-pelvis and lumbar spine injuries,
and no effort was made to determine the effect of the seat belt
on overall injury patterns. Two topics were covered:

1. Data concerning seat belt users who sustained lower
torso injuries were selected and categorized according to injury
type and severity. Accident circumstances were then examined
in order to determine the relationship, if any, between various
accident factors and injury.

Z. Cases in which occupants' belts failed were examined
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because the failure of a belt presumably indicates a level of
force which could conceivably produce abdominal or other lower
torso injuries. Information regarding failure types as well as
belt type (cam or metal-to-metal) was also recorded where
possible.

A third topic, the relationship of age, weight, height,
and sex of belt users and the frequency of lower torso injury or
belt failure was also explored.

Perhaps one of the most controversial of automotive
safety subjects is concerned with the role of speed in the crash
injury picture. Common assumption is that fatal injuries are
associated with high speed, and that if speed were rigidly con-
trolled, fatal crash injury could be eliminated.

An earlier study conducted by Cornell explored the re-
lationship between speed and injury or death. It was shown
that in injury-producing accidents there was a statistically
significant association between increases in both traveling
speed and impact speed and the frequency of dangerous or fatal
injury.

In each of the 10 mph traveling speed ranges through 59
mph, the increases in frequency of dangerous or fatal injury
were slight; beyond 59 mph the increases rose sharp1y. Among
the occupants of cars traveling above 59 mph (represented by
Z5 percent of the cars observed), the frequency of dangerous or
fatal injuries was nearly three times as great as it was among
the car occupants traveling below 59 mph. Yet, it was shown
that complete and absolutely controlled top speed limits would
afford relatively limited reduction in the expectancy of danger-
ous or fatal injuries in injury-producing accidents. Strict
maintenance of a top traveling speed of 49 mph would still have
seen the occurrence of 60 percent of the dangerous or fatal in-
juries.

Many factors other than speed operated to produce
injury in automobile accidents. Acting independently, inter-
dependently, or together with speed were such accident factors
as ejection, seat area occupied, and site of crash impact.

In the bulk of injury-producing accidents, dangerous or
fatal injury in low-speed ranges, except where ejection occurred,
appeared to be very largely a function of the shape and form of
interior car componentswhether these were struck, and what
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parts of the human body struck themand such injuries in the
higher speed ranges apparently associated with an interacting
combination of both the dynamic results of speed and the design
of the car.

Speed regulation without simultaneous control of car de-
sign imposes limitation on the extent of reduction of dangerous
or fatal injuries in injury-producing automobile accidents.
Aside from being a key factor in influencing the frequency and
severity of injury when accidents occur, speed requires further
study in order to place its influence in proper perspective with
relation to other accident-injury factors.

Among the topics to be discussed in the studies of speed
are:

1. Influence of speed on frequency and severity of injury
with due regard to such factors as accident configurations,
seated position, and occupant characteristics.

Z. Threshold of injury, the lowest speeds at which
injuries occur and the upper limits beyond which it is most
probably not practical to control injury through design engineering.

3. "Expectancies" of varying degrees and types of injury
under hypothetically controlled speed ceilings.
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TRAFFIC SAFETY
The Challenge of Coordination

Warne Nunn

There is a common bond which has brought us together
today. That bond is a job responsibility and a deep personal
interest for the safe, smooth, and economical movement of
motor vehicles.

To be sure, our perspectives may differ as we each
look at the problem of how to achieve the ideal in movement of
motor vehicles, but I believe we all are aware of the fact that
three basic elements determine just how safely, how econom-
ically, and how efficiently we move about. These elements are
the roads themselves, the vehicles which operate over these
roads, and the drivers who operate the vehicles.

My topic today has to do with what is being done in an
effort to bring about a professional approach to the overall
problemnot a piecemeal attack either on engineering, or en-
forcement, or education. It is the field of traffic management
and accident prevention which hopes to bring together all three
"E's11 for a coordinated program.

Taking that as a focal point of my remarks today, let us
move on to three major points:

1. General elements which constitute a balanced action
program for traffic management and accident prevention.

Z. Oregon structure for getting the job done.

3. A quick look at some of the results of this coordinated
attack on the problem.

A BALANCED ACTION PROGRAM

The President's Committee for Traffic Safety has taken
the best thinking of traffic experts from across the nation and
molded their experiences and philosophies into a general guide
for a balanced action program. Each element has specific re-
sponsibilities. In addition, all elements are tied together for a
unified effort in meeting major needs.

Citizen Suonort Foundation

The base of our balanced program must have as a
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foundation citizen support. Then we can begin to build with facts
and laws. Our structure begins to take shape as we consider
each element as a pillar in a building. These elements include
roads, traffic engineering, the vehicle, public education, school
education, driver licensing, and the police and the courts.

If our building or program is to have cohesiveness, the
individual elements must be of balanced strength and capped with
coordination and teamwork.

In other words, I am saying that the best highways in the
world alone will not solve the entire traffic accident problem,
just as enforcement alone or education alone will not do the job.

Executive Responsibility

The chief executive of any state and, for that matter, the
chief executive of any community, must be concerned with the
entire traffic problem, but he must likewise be concerned with
many other problems. He cannot afford to become bogged down
in a mass of detail, nor does he have the time to meet individ-
ually with each concerned department head to discuss the many
and diverse problems of traffic safety. This is particularly true
when one realizes that there are many times when these prob-
lems cut across departmental lines and that the different agency
heads may also have divergent views on what might solve some
particular problem.

In spite of the demands made upon him, a chief executive
must realize that he is held by the voters to be responsible for
the program or lack of program undertaken by the various de-
partments. This is true in safety as it is in other areas of of-
fical concern.

The most effective method of making certain that there
is teamwork and that the maximum job is accomplished is to
employ the coordinating committee.

Recognizing this need for coordination is one thing.
Doing something about it is quite another, for it requires
breaking down the established patterns on single agency respon-
sibility and action, which sometimes may be zealously guarded
by those fearful that their domains are being invaded.

It has been recommended for many years that each state,
as well as each city, should have a coordinating committee of
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officials to plan traffic management and accident prevention
programs. Yet, as late as 1957, only 17 states reported active
coordinating committees of officials. The number has in-
creased slowly, but it has been only quite recently that the field
of coordination has come into its own to such an extent that, for
example, New York University is now cooperating with the states
in presenting a series of short courses on state traffic safety
management. The courses cover methods of developing a unified
program, utilizing resources for maximum effort and resolving
problems through specific plans for coordinated action.

I am pleased that Oregon has taken full advantage of
these courses by sending our executive secretary to each of the
three short courses that have been made available.

THE OREGON STRUCTURE

That brings me to the Oregon structure for coordination
through a commission. Each individual element in Oregonts
program for traffic management and accident prevention has
shown steady progress over recent years. The machinery for
increasing coordination was established in 1956 when the Gov-
ernor wrote an executive order creating the Oregon Traffic
Safety Commission. It has been re-established by each suc-
ceeding governor since that date.

Commission membership consists of the elected or ap-
pointed heads of eight agencies of state government with respon-
sibilities in the traffic safety field, as well as two citizen
representations.

Membership consists of the Chief Highway Engineer,
Director of the Department of Motor Vehicles, Superintendent
of State Police, Superintendent of Public Instruction, Attorney
General, Administrative Assistant to the Chief Justice of the
Supreme Court, State Health Officer, and the Chairman of the
Industrial Accident Commission.

It is my role, as Executive Assistant to the Governor,
to serve as chairman of the commission. Staff work is performed
by personnel of the Traffic Safety Division of the Department of
Motor Vehicles, with the manager of that division serving as
executive secretary to the commission. The Director of the De-
partment of Motor Vehicles serves as vice-chairman of the com-
mission. Thus, the Motor Vehicle agency provides the budget
for the commission activity.
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Commis sion Role

The commission's role is to develop and coordinate the
official program for traffic safety in Oregon in the areas of ed-
ucation, engineering, and enforcement, and to serve as advisor
to the Governor on matters relating to traffic safety.

Meetings are held every six to eight weeks to review the
traffic situation and to discuss development of public safety
education activities, as well as a total program of accident
prevention.

The operating committee, composed of one represent-
ative from each of the four departments with major responsi-
bilitieshighway, state police, motor vehicles, and education
convenes approximately two weeks in advance of each com-
mission meeting to review commission business and prepare
agenda.

THE RESULTS OF COORDINATION

A better grasp of the scope of commission activity in
Oregon can be gained by a brief look at some of its work over
the past five years.

It developed Oregon's first action program for traffic
safety, basing it on recommendations contained in the state's
annual inventory of traffic safety activities. While not all the
recommendations have been adopted, we have been able to make
progress in several areas, including development of a standard
police accident report form now in use by many cities and
counties, removal of the necessity for obtaining written consent
before a chemical test can be given to an individual arrested
for driving while intoxicated, and establishment of standards
for recruiting, training, and supervising school bus drivers.

In each of the above cases cited, more than one agency
and even more than one level of government was concerned with
the action takenpolice departments, courts, prosecuting at-
torneys, schools, licensing officials, and medical authorities
all played a role in developing the final program.

The commission also arranged for Oregon participation
in the Cornell Crash Injury Research program. This, too, re-
quired teamwork of several state departments, including the
State Police and the Board of Health, working through county
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medical societies and hospitals.

More than four years ago, the commission recommended
the use of seat belts to the public. It took its own recommenda-
tion seriously and, through its recommendation to the Governor,
seat belts have been installed in state-owned vehicles. As a
result, a number of state employees have been saved certain
serious injury or death.

The group has sparked several special studies, includ-
ing studies of school safety patrols, high school driver education,
chemical test legislation, and speed laws. It recommends leg-
islation and it has in the past endorsed or opposed legislation
introduced by individual legislators or other groups.

As another example of how commission activity often
crosses departmental lines, let me cite the commission's ac-
tivities with regard to the state's speed law.

Several years ago, the commission after much debate
among its members decided to support a change in Oregon's
speed law which would retain the basic rule but would make
posted speeds maximum speed limits in the state. Several
agencies at the state level were concerned with the change
the State Police, Highway Department, and Department of
Motor Vehicles. In addition, city police and courts also have
a vital interest in the problem.

It took, as you can imagine, considerable time to de-
termine first the basic principles which should be incorporated
in a proposed bill, and second, the specific speeds which
should be established. When the discussion started, I am
certain that not more than two of the then ten commission mem-
bers agreed wholly on the bill's wording or the limits to be
specified. However, through coordination we were able to go
before the 1961 Legislature with a unified viewa bill to which
every concerned department could subscribe.

I wish I could report that with this backing we were able
to secure passage of the bill but, as most of you know, we were
not.

The commission took its next step in this area late this
past summer when, as a stopgap measure, it recommended to
the Highway Commission that it undertake a program to extend
its speed sign postings in rural locations. This means that
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over a period of time, each highway in Oregon will be posted or
zoned for the speed engineers consider the reasonable and pru-
dent speed for the areawhether that speed is the prima facie
55 mph set by law, 60 or 65, or even a speed below 55.

These signs, of course, will not make the posted speed
the top legal speed, but it is the commissions view that they
will provide drivers with a realistic definite guide as to what is
considered the safe speed for each area in which they drive.
The Highway Department accepted this recommendation and the
speed signing program is now advancing. A change in the law
itself must await the next session of the legislature, at which
time, I am certain, the commission will again request passage
of a bill establishing maximum limits.

The commission serves the important purpose of bring-
ing together all of the stateTs most experienced people in this
field to discuss often times mutually related problems. It also
permits the Governor to have the benefit of their combined
experience and advice, focusing on one specific problem. The
Governor, in turn, can bring before it certain problems that
have been called to his attention by the public.

CHALLENGE OF COORDINATION

I would be the first to admit that the challenge of co-
ordination has not been fully realized in Oregon, but we are, I
believe, moving in the right direction so that the public and
their elected representatives in the legislature will have placed
before thorn a program representing the thinking of all state
agencies concerned with administering the many facets of traf-
fic management and accident prevention. Such coordination is
essential if needed progress to meet the challenge of the years
ahead is to be made.

It is vital that we enlarge our thinking with respect to
those programs which relate to traffic safety. Each agency, as
it plans its programs, must be prepared to consider what effect
its action will have on other agencies of both the state and the
city, and we must, at times, be prepared to compromise our
point of view for the total betterment.

In building new highways, for example, it is vital to take
into consideration well in advance what effect they may have on
deployment of enforcement personnel. Freeways, especially,
have a marked effect on enforcement.
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In enforcement, we must think not only of what effect
certain laws or changes will have on rural enforcementthe
area of concern to our State Police agencybut what effect it
will have on the activities and operations of city police and
counties.

Our accident records must be kept in such a way that
they will be mutually helpful to our engineers in designing and
controlling traffic, to our police in utilizing modern enforce-
ment techniques, and to our psychologists and educators in
trying to better understand the human factor in accidents.

We need to remember than an army in the field depends
for its success upon coordinated action. The individual compo-
nents are not permitted to go off in all directions without regard
to the total operation. If we are to have success in the war
against accidents today, and be prepared for the days ahead,
then we must plan strong coordinated action by all elements.
This, of course, will require the full support from all those in
the front lines of engineering, education, and enforcement.

Then, and only then, can we really succeed in our efforts.
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TRAFFIC SAFETY
Safe Driving Habits

Walter C. Lunsford

It is a pleasant experience to be a part of a conference
that takes in the scope and magnitude of the highway traffic
problem as yours does.

Today, everything is dependent upon speed and time-
saving devices. Even coming to Oregon by air gives one a
feeling of closeness and togetherness. The jets now get you to
your destination almost before the stewardess can gather up the
lunch trays. Most likely this will seem primitive before we
know it. An airplane official was recently speaking to a group
of aviation people in Washington. He forecast the day when
superjets would take us from Seattle or Portland to New York
in a couple of hours.

General Motors has an experimental car at its test
grounds that is controlled electronically. An electric cable is
placed in the road surface, and a control device on the front of
the car keeps it over this line of direction as a magnetic attrac-
tion. A radar prevents the cars from crashing into each other.
There is no steering wheel. The proponents are confident that
such a highway, with appropriate devices on cars, will permit
vehicles to travel 100 mph with only a few feet between cars.

The men who are working on this will tell you that we
already have over 76, 000, 000 vehicles using the nation's streets
and roads, and by 1975 we will have 110 million. We must find
ways to carry more traffic on the roads. There is no question
about that.

This brings us to the problem of driving which faces us
now, and which we know will get steadily worse. One of the
main factors contributing to our chaos on streets and roads is
that people, generally speaking, do not really know how to drive
safely. There is little uniformity in driving practices and
habits. The reason for this is due to the fact that the earlier
drivers moved from the buggy to the Model T, and picked up
their driving by a hit-or-miss procedure. Each one thought
that what he was doing was best. As time elapsed, these prac-
tices were passed on to the next generation. It is amazing that
many of us have a feeling that because we have not been caught
doing something, or not involved in an accident, that it is safe to
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do it. Then one day a driver commits this act, and someone else
coming from the opposite direction or from the side does not
understand. The result is that on the day this driver has his
first accident is the last day of his life.

This could be the result of any number of things that
people commonly do when they drive, such as:

Pulling away from the curb without looking or signaling.
Making a left turn from the far right-hand lane and into

the path of oncoming traffic.
Driving onto the highway from a farm road or sideroad

without coming to a complete stop.
Failing to make a complete stop at a stop sign or signal.
Changing lanes without signaling or having proper

clearance.
Following too closely.
Getting out of the car on the street side.
Passing without proper clearance and visibility.
Looking off the roadway, not thinking about the driving

situation, and talking too much.
Lighting a cigarette while trying to drive.

These practices become habits because we do them over and
over, again and again.

Your driving habits can kill you or save your life. By
practicing the safe act over and over we will automatically do
the proper thing in driving, even though we many not be thinking
consciously of the driving situation.

What is a habit? The dictionary defines habit as a tend-
ency toward an action or condition, which by repetition has be-
come spontaneous. How do we develop safe habits of driving?
Should all drivers have these habits?

In order to develop a generation of drivers with safe
driving habits, all drivers should have a standard course of
driver education and behind-the-wheel practice as a qualifying
condition to get a driver's license. This would acquaint each
driver with what to do and, when given a course in driving in-
struction, would explain how and why these acts should be prac-
ticed every time the individual drives. This would also help to
standardize our driving habits so that drivers would be more
uniform in their driving.
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All aviation pilots are given basic and advanced training
before they qualify for a license. Each one practices what he
has been taught until it becomes automatic and he will react
properly to situations and conditions. He does not have to think
it outif he did it might be too late. The same is true of auto-
mobile drivers. We are in a hurry each time we get behind the
wheel. If we have been taught the proper things to do, and
practice them until they become habitual, we will automatically
react to situations in the proper manner. If we have to wonder
what to do, and guess or think it out, by then it is too late.

There is an old saying that "practice makes perfect.
I say that practice makes perfect what you practice. This can
be a desirable habit or an unsafe or undesirable one. To assure
safe driving habits in every driver, everyone should have a
standard, uniform course in driver education by a qualified in-
structor.

With all drivers equipped with the knowledge of how to
drive, and a repertoire of safe driving habits, there will be
less confusion among drivers. They will have more confidence
in themselves as drivers and will cause fewer delays at inter-
sections and focal points of traffic, and more vehicles will be
able to move over our streets and roads at a faster rate with
fewer collisions.

A big job lies ahead for public officials and civic leaders
with the prospect of more vehicles in the near future. Here in
Oregon, as well as in the state of Washington, only about one
out of five high school boys and girls was enrolled in standard
courses of driver education in 1960-61. These students have a
50 percent better driving record than untrained students.

You know the values of this course. You can do much by
contacting your school administrators on this matter to learn
why this course is not provided for all eligible high school
students. Your states are far behind most other states in
teaching driver education.

Remember that in order to increase the driving abilities
of young drivers they should be taught what to do and how to do
it, then to practice these techniques until they become habits.
These habits will help the drivers to move their vehicles in a
safer manner, and will uniformly improve the driving of most
drivers.
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A habit is formed in our nervous systems as a result of
repeat performances. Just the acts of fastening your seat belts,
signaling your turns, always stopping at stop signs, and check-
ing over your car may seem relatively insignificant to you. By
always doing these things, however, they will soon become
habits and could save your life, even without your thinking.

We cannot wait for the manufacturers and engineers to
put univacs, computers, and automatic controls in our vehicles.
Too many lives are being lost now. These can be reduced
by developing safe driving habits.

You people are in a position to help assure that the
young drivers will have least a 50 percent better chance of sur-
vival in automobiles. Therefore I urge you to support a plan
that provides driver education for all students from which they
might establish these safe driving habits.

At least it is worth the effort, dontt you think?

140



NATIONAL ASSOCIATION OF COUNTY ENGINEERS' MANUALS
County Road Management

C. Arthur Elliot

Introduction

The 3000 counties in the United States vary greatly in
size, wealth, population, and physical characteristics. Ac-

cordingly, there is no distinct pattern among counties with
respect to road problems.

One problem common to all counties, however, is the
growing demand for better roads and improved road services.
As motor vehicle ownership and use increase, the task of pro-
viding an adequate road network becomes more complex. Ob-
viously, no one needs to remind county commissioners and
county engineers of the problems to be faced in keeping pace
with the growth in highway transportation. Their main con-
cern is how their county, and every county, can best organize
to meet its road needs yet retain local responsiblity for county
roads.

In introducing the topic of county road management, it
may be helpful to trace briefly its development. Before the days
of the automobile, counties were responsible for what little
rural road building was done. Initially, counties were divided
into small road districts, managed by elected officials. With
the automobile, trips became longer, crossing district and
county lines. As more and longer trips became the rule, high-
way leaders in some counties saw that road districts were too
small and responsibilities too divided to meet new travel de-
mands. They felt that county roads could be better planned and
improved if standards of policy and construction were applied
on a county-wide basis. Also, they recognized that counties
needed engineering aid in implementing road activities.

Highway leaders envisioned an engineer-board plan of
management as an ideal solution. This plan would serve a two-
fold purpose: to preserve local authority, yet provide maximum
efficiency in road affairs.

Under the engineer-board plan of management the county
board makes policy and a professional engineer sees that it is
carried out. The board has available the advice and counsel of
an engineer when needed on policy matters. The county engineer-
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board road management plan gained in popularity after congress
required states to have road management plans to qualify for
federal aid for highways. To be eligible for federal aid, the
states were required to organize highway departments staffed
with engineers. This requirement indicated to counties that in
addition to money and good management, specialized engineering
skills also were needed to produce adequate roads.

In establishing county engineer-board management plans,
some states required or permitted the appointment of engineers
by county boards. In other states, the adopted plan provided
for experienced road superintendents, rather than engineers.
Still other states made no changes, leaving road management
under elected road officials who lacked specialized road know-
ledge. This situation still exists in many counties.

However, the board-engineer plan has met with meas-
urable success. Over the years many counties have gradually
improved and expanded their management operations. By ex-
perience and advancement, although slow in many cases, they
have determined the necessary actions of management first;
then they have worked out good methods of doing them.

The board-engineer type of management is a team effort.
Areas of conflict have been narrowed and a harmonious atmos-
phere of mutual respect is present. The engineer-board re-
lationship is founded on the understanding of how both must work
together to get things done effectively.

However, on a nationwide scale there is still no uniform
pattern for county road management. Road management methods
produce different resultssome good, others poor. Generally,
those counties that have followed the original concept of the
engineer-board road management plan have produced the best
results.

There is still this problem. Even among counties de-
scribed as well managed and under an engineer-board plan,
there are notable differences in results. Why is this so? The
answer is plainthe basic and uniform practices necessary to
build and maintain a county road system properly are not being
carried out correctly. New board members and engineers, for
example, are inclined to perpetuate existing practicesboth
good and poor. It is desirable, of course, to have uniform
management practices in every county, but where does one find
the guide to these practices? What are the commandments of
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good management? What device can be used to appraise man-
agement actions?

The National Association of County Engineers, in re-
sponse to the need for sound practices in road management, has
developed a plan that is adaptable to counties of all sizes and
locations. Through its Central Research Committee and a Spe
cial Committee on Relationship of County Board and Engineer,
this organization is now gathering, selecting, and publishing
the best road management practices in the nation. The NACE
Plan is being published in three parts: Relations, Actions, and
Methods of Management.

A series of manuals relates the use of sound manage-
ment practices and describes the board-engineer relationship
necessary to apply these practices. The Automotive Safety
Foundation and the U.S. Bureau of Public Roads have provided
research funds to carry out this program.

In the final analysis, the goal of efficient county road
management is building and maintaining a system of county
roads. The NACE Plan will help achieve this goal regardless
of the size or location of a county. Its practices can be adapted
to various road department needs.

The NACE Road Management Plan begins by listing these
basic actions under ten functional titles: office, personnel, in-
formation, programs, plans, construction, relations, research,
maintenance, and suburban development.

Under each of these functional titles is listed the detailed
activities which take placeto greater or lesser extent--in a
county road office.

Office

The county road office is the seat of management. It pro-
vides housing for records and the space to carry out its activ-
ities. The staff size and work load will vary with the size and
road responsiblity of each county.

A few of the principal duties carried out under office
functions are: organization, direction, accounting, budget, pur-
chasing.
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Per sormel

Daily activities of construction and maintenance on a
county road system require many types of road equipment and
employment of persons with many skills. These activities in-
clude: selection, compensation, training, direction, separation.

Information

Because roads concern all citizens, each county should
provide accurate information to acquaint its employees and the
public with road policies, needs programs, and benefits.
Information activities include: to each other (between Board
and engineer), to employees, to the public, to groups.

Advance Road Programs

Improvement programs are the advance determination of
road needs and the orderly scheduling of necessary work over
a period of years. A long-range program generally extends for
ten or more years. Short-range programs of one to five years
are prepared from the long-range plans.

Plans

Once specific projects have been scheduled for improve-
ment, plans and detailed cost estimates are necessary. Under
these plans the following activities are included: surveys,
design, right of way, construction plans.

Construction

Construction is building the road as detailed by the plans.
Included are: specifications, contracts, material control,
supervision, payment.

Intergovernmental Relations

Within a state there are many governmental agencies
with jurisdiction over roads and streets. However, these agen-
ciesstate, county, and municipalare engaged in building an
efficient transportation system. In this endeavor all agencies
must coordinate their effortsthat is a working intergovern -
mental relationship. Necessary relations include those to:
highway department, Bureau of Public Roads, municipality, and
association.
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Research

Research is the investigation and determination of bet-
ter methods to build and maintain roads. County road manage-
ment presents problems which generally differ from those of
the state or municipalities. Research should be directed to the
problems found in these three basic areas: existing, needed,
and application.

Mairtpnanc,

Maintenance is the work performed to perpetuate a road
or structure in good condition and to keep traffic moving. The
everyday tasks such as mowing grass and smoothing or re-
pairing road surfaces are considered routine maintenance. Re-
construction or improvement of existing roads is called im-
provements or special maintenance. The division of mainten-
ance into routine and special allows costs to be segregated, and
gives the necessary facts for planning and control of operations.
The five principal maintenance activities are: standards, cost
records, reporting, operations, and results.

Suburban Development

The increasing urbanization in counties is of real con-
cern to boards and engineers. Road transportation plans affect
other aspects of development such as land use patterns and
public works. Many county engineers, in addition to road
duties, have responsibility for public works, approval of sub-
divisions, and trash disposal. They should be aware that
solutions depend on a comprehensive, not piecemeal approach.
These basic activities are necessary for a comprehensive ap-
proach: population growth estimates, land use plan, road plan
and zoning plan, subdivision control, and other services.

Actions of Management Chart

Here the actions of management are listed under their
functional titles. This arrangement provides a practical basis
to separate the broad subject into small components. This re-
duces road management to simple and familiar terms we all
can understand.

A by-product of the chart is that it points up, both to
the engineer and the board, the responsibilities of each.
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The chart also was used to develop a plan by which mem-
bers of the National Association of County Engineers could work
together on the details of the various actions. At the same
time, by using this plan, work was coordinated and guided to
its final goal.

Organization Plan

The Executive Committee of the Association appointed a
Central Research Committee to carry out the study program.
Advisors to aid this committee also were selected. The Central
Committee formed subcomittees, each having definite respon-
sibilities keyed to the basic actions chart.

County Road Management Guide (A step-by-step plan for im-
provement)

The plan described in this booklet can be termed the
long-range work plan of the organization. Actually, it was a
research project to determine the necessary management
actions. Each committee began work by first listing activities
considered necessary and then writing descriptions of these
activities.

The County Engineer and His Relationship to the County Board

The introduction described the evolution of county engi-
neer-board road management and defined this alliance as a team
effort. Each member contributes individual skills and training.
The board, representing its citizens, is vested with legal au-
thority and responsibility for the county road system. The skill
of board members is best employed in making decisions af-
fecting roads. The engineer uses his training and experience to
aid the board in arriving at decisions. His job is to carry out
decisions.

One popular statement that sums up this division of duties
is, "The board determines policy and the engineer directs that
policy. " Although this statement is generally correct, the team
relationship is considered to have more profound implications.
In actual practice, board decisions often depend on factual infor-
mation that can be provided only by the engineer. In order to
direct policy decisions successfully, the engineer must fully
understand them.
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If we are to understand the desirable relations that pro-
duce an efficient road management team, we must know the
specific duties of the team, some examples of how board policy
is determined, and the engineerTs role in working with his
board.

These examples are designed to guide the management
team into productive relations. A logical beginning point is
the relative importance of a county board in road management.

COUNTY BOARD

Legal authority to build
L_and maintain roads__

The legislative purpose in giving road responsibility to
the county board is to place these roads under local control.
The board1s responsibility is to build and maintain an adequate
road system. This must be accomplished within the legal
framework and with the approval of the countyts citizens.

In the board-engineer management plan, legislative
direction requires or permits the employment of an engineer to
aid the board in its road responsibility. This creates a road
management partner shipa management team.

COUNTY BOARD
I

ENGINEER

etermines how to obtain Furnishes technical skills
adequate roads Furnishes management skills

COUNTY ROAD MANAGEMENT

The management team has these responsibilities: the
board within a legal framework is to provide an adequate road
system. The engineer is to use his skill to aid in bringing this
about.

The board functions as the county road authority by mak-
ing decisions. It legislates on the many specific actions en-
tailed in road building and maintenance. The engineer, in ad-
dition to providing factual information, carries out these deci-
sions by directing road activities. The final product of this
joint effort is county road management.
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For a successful partnership between the board and engi-
neer, each must understand their interrelationships in all phases
of road management. A joint committee of county engineers
and commissioners was assigned the task of listing these rela-
tionships.

Relations Guide

This is the published report of this committee. The re-
port first reviews the broad general responsibilities of the board
and engineers.

Engineer - gathers and prepares factual road data;
explains data to board

Board - uses facts to make decisions (policy) on road
management actions

Engineer - consults with board to attain full understanding
of their decisions (policy)

Board - refers decisions (policy) to engineers to di-
rect and carry out

The engineer provides the board with road information.
He explains the data to the board and they use it in making de-
cisions. As these decisions become policy, the engineer should
know the reasons behind policies so that he is better able to
direct road operations.

Engineer - uses technical skill and knowledge to build
and maintain roads within the board's de-
cision (policy)

Board - sees that engineer carries out their decisions
(policy)

Board - appraises results
Engineer - appraises results

Road policies of the board are translated by the engineer
into the operations of building and maintaining roads. It is the
board's duty to see that its policy is carried out by the engineer.

These broad general principles apply to all functions of
management and some of the individual actions. Several func-
tions are used to demonstrate this.
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Office Operations Function

Engineer - Directs activities, submits records meth-
od; prepares, presents annual budget;
directs total operation within budget; di-
rects purchases under procedure

County Board - Establishes office and records method;
adjusts and approves annual budget; pro-
vides funds for budget; establishes pur-
chasing procedure

Personnel Function

The performance of daily road tasks requires employees
with skill and experience. Their efforts must be organized and
directed toward specific tasks. Better results are obtained if
employees are selected for specific skills, provided with proper
equipment, and are trained in its application.

Engineer - Provides information on employees;
methods of reporting; methods of train-
ing

County Board - Decides a method of selection; estab-
lishes pay schedules; provides a meth-
od of payment

Information Function

The task of county road management is made easier if
the road department has the confidence and support of the public
and its personnel. The key to confidence and support is the
proper exercise of the information functions. This calls for a
systematic information plan.

County Board - Informs public of road problems; knows
public reaction to policies; decides how
to release road information

Engineer - Informs board of road problems; informs
employees of road plans; arranges news
material about roads

Program Planning Function

Improvement programs are advance decisions of the nec-
essary road needs and the orderly scheduling of those needs.
Programs provide a basis for fiscal planning and give an orderly
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sequence to improvements. Programming activities include road
inventory, classification, and the translation of road needs and
their arrangement into long- or short-range programs.

Engineer - Suggests classification plan; determines
improvement needs; prepares long-range
improvement plan; prepares short-range
improvement plan

County Board - Approves and adopts classification plan;
studies improvement needs appraisal;
adopts a short-range improvement plan

Plans Function

The first step in preparing construction plans is the ac-
cumulation of field data that records measurements and con-
ditions. From these data is projected the desired facility de-
signed to serve present and future traffic.

County Board - Authorizes survey and plans; approves
plans; determines method to obtain
rights of way

Engineer - Makes authorized survey; prepares plans,
including rights of way needed; estimates
costs of improvement

Construction Function

For a specific improvement project, completed plans
are essential to carry out the many details of construction, in-
cluding supervision and approval of completed work.

Engineer - Explains construction details; prepares
proposal for bids; supervises construc-
tion activities

County Board - Decides how to do work; awards con-
tract; approves completed work

COUNTY BOARD I COUNTY ENGINEER

COUNTY ROAD MANAGEMENT
ACTIONS TO BUILD OR

MAINTAIN ROADS
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While it is essential to enumerate the necessary actions
and to describe each for uniform understanding, there is one
more needed element. What is the best method that can be em-
ployed to carry out each action?

The final objective of the county management program is
geared to provide this answer. The six committees and nine
subcommittees, formed to date, have devoted their attention to
writing methods manuals for each of the management actions.
The first completed manual, Advance Road Programming, was
distributed recently. This manual, the product of Committee
II, contains details of program development.

Advance programming is one of the important functions
of county road management. It should be a continuous activity.
The engineer's task is to gather and analyze facts and to pre-
pare and recommend construction and maintenance programs.
The county board has final responsibility to activate the pro-
gram. The manual explains the necessary steps.

This manual is a detailed work guide complete with
sample work forms and examples. Its purpose is to bring to all
counties a firm proven procedure.

Road Experience Records

Also completed and distributed is our accounting manual
Included are definitions and procedures similar to the AASHO
accounting manual.

The importance of accurate records and how their use
enables counties to perform their road duties more effectively
is emphasized.

Public Relations

Every county road agency must give information about its
activities. Recently distributed is our public relations manual
explaining why it is necessary to provide road information and
also describing methods to give this information. Examples of
press and radio releases are provided.

The chart on the public relations process outlines how
the county road management team can provide an information
program. It includes the following: organization, personnel,
purchasing, and comprehensive planning.
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Committee work on these four manuals has been com-
pleted. After final review by the Central Research Committee
and editorial work, publication and distribution will follow.

Work is under way by active committees in preparation
of the following manuals: intergovernmental relations, design
standards, maintenance standards, definitions, zoning control,
roads and streets, drainage and sanitation, location of utilities.

Conclusion

In addition to the 15 manuals published or being compiled
for publication, we propose to prepare about 10 additional doc-
uments.

We view the preparation of these manuals as a first-
stage development. Probably the final word will never be
written, for new and better methods will always be found. The
real value of this research work will occur as counties accept
their responsibilities to improve county road management.

We believe our program will help in this decision be-
cause it explains what road management is, the relations con-
ducive to a harmonious board-engineer management team, and
provides modern methods so their actions can be carried out
effectively.
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NATIONAL ASSOCIATION OF COUNTY ENGINEERS MANUAL
NACE Aids

Pat Thompson

Definitions are necessary, particularly in engineering
where colloquialisms often confuse the Issue. In this respect,
NACE is in the process of preparing a definitions manual so
that we all may speak the same language in our writing and
public orations. This is only one of the many manuals avail-
able.

To understand the full importance of NACE aids, let us
first determine the character and qualities of the average county
engineer who is going to use them. First of all, he is a tech-
nical man. The day and age of the "grandfather clause' county
engineer is gone. Most of them are now college trained and
experience - hardened veterans of the public engineering wars.
The very fact that they are county engineers indicates to me
that each of these persons has a very dedicated streak within
him, because most of them could enter into industry at a higher
salary, but prefer to remain in the challenging governmental
field.

Generally, you will find that the county engineer is a
gregarious fellow usually engaged in a great deal of civic and
community endeavor. He takes a lot of criticism from his
fellowmen, especially and often from those he considers his
friends, but gets very little commendation or credit for his
accomplishments. The county engineer is a man who feels that

road department funds are in trust with him, to be used for and
in the best interests of the taxpayer. He is also a man that must
do a terrific amount of engineering on a paucity of funds.

The county engineer has found that in this day and age
no one man is an expert in all phases of civil engineering, and
the average county engineer does not have the funds available to
hire specialized help. It is at this stage that NACE and its var-
ious instructional manuals can step into the game.

The manuals themselves are a composite and careful
screening of the best thinking of many nationwide engineers. I
have worked on committees as chairman and been represented
on several others, and I have been amazed at the thought, effort,
and research that each member of a committee on manual prep-
aration puts into the work. Each manual represents hours of
individual effort and days of group consultation to present a
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published book. The composite result is bound to be good, and
gives the county engineer the benefit of expert counseling on
troublesome subjects at very little cost. All it takes is for
the county engineer to expand the effort is to sit down with the
manual, digest the material, and apply it to his individual
situation.

The publicity manual has a section suggesting the pre-
sentation of a slide show. I used this to good effect in my own
county. Our total investment for 35 mm camera, projector,
screen, and miscellaneous items was less than $600. We
prepared a slide show commencing with Board policy through
an explanation of budget funds and expenditures, maintenance,
construction, and emergency operations, a comment or two on
the state-wide organization and our place in it, and ending up
with legislative needs.

This slide show was shown first to chambers of com-
merce, and came into high demand. Within six months we had
shown it to every civic organization in the county, including
several high school classes and to several organizations in
neighboring counties who requested it.

The talk itself consisted of 84 slides and took just one
hour for completion. The results were outstanding. In the
pre-slide show days, the county often had delegations of from
ZO to 40 farmers arriving at once, demanding certain road con-
cessions. In the period following the slide show not a single
mass delegation appeared. Either the slide show had painted
such a black financial picture that they felt it was no use to
come, or it had given them information never before received,
and their complete understanding of our situation prohibited
pressure demands.

The Board of Commissioners felt they had received a
million dollars worth of publicity for the expenditure of one-half
of one-thousandth percent of that. You cannot get a much better
ratio.

In the matter of road system planning, many counties are
just starting to develop and acquire the suburban residential
boom that some of us have gone through. The manual on plan-
fling can save you many of the headaches and heartaches that we
experienced without this aid. It is easy to get caught in the
cross-fire between speculators who clamor that planning is
holding back the development of the county and the hardshells
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who prefer the status quo and do try to prevent development.

Any county engineer who is just beginning to suffer the
pangs of rapid suburban birth can ease the pains by using the
sedative of the planning manual. This manual anticipates by
actual experience the problems he will have. These problems
arise in almost every case, and being forewarned is certainly
forearmed. I plan to use many functions of the planning manual
in the development of our Riverview area, which can become
the ultra-sophisticated residential area of the Tn-Cities.
This, even though I have gone through one such a boom with its
trials and tribulations.

Any county engineer has only three basic concerns
time, people, and equipment. Time is the first consideration,
and the engineer can be its master or its slave. NACE
manuals can help you accomplish tremendous amounts of work
with apparent ease and poise because you are reaping the
brainstorming efforts of many men.

People are the engineer's second consideration. Here,
the problem has resolved into one of getting a profitable day's
work for the wages paid. Employees respect their supervision
if it is competent. Any county engineer who studies the NACE
manuals can gain competence in his work.

The final consideration is, of course, equipment. No
longer is it sufficient to look at an equipment purchase merely
from the standpoint of how long will it take to amortize the in-
vestment. It is recognized there is now a psychology of equip-
ment use. Just because you have always done an ABCE pro-
cedure does not mean that a BADC procedure might not be more
efficient. NACE manuals give you the benefit of a large variety
of experience.

For greater efficiency, NACE manuals help the county
engineer eliminate unnecessary steps. It can make the engi-
neer more proficient in the art of making lucky guesses.
Actually, a lot of county engineering is only justified by future
facts and conditions. Therefore, every county engineer must
gamble to a certain extent. The judicious use of NACE manuals
can help you stack the odds in your favor.

It is time to forget hunches or prejudices. With the in-
formation from the instruction manuals, study the facts avail-
able on your own situation. From these, using the manuals as
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guides, determine what could be the best and worst result
from each possible choice that you can make, then decide if
your organization could endure the worst possible result with-
out disastrous effects. If so, then you must consider if the pos-
sible best result is likely enough and sound enough to take the
risk. The engineer then can make his final selection or course
of action based on engineering data that offers the brightest
prospect for the risk involved. NACE manuals give the engi-
neer an average situation to judge by.

Efficiency can mean different things to each engineer.
One thing is certainefficiency is never static. Each of us has
a stake in an efficient program to the extent that we can do a
better job for those people that we represent.
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NATIONAL ASSOCIATION OF COUNTY ENGINEERS MANUALS
A County's Experience with NACE Manuals

J. R. Kalinoski

Kiamath County, Oregon, is for the most part a rural
county in the southeastern section of the State of Oregon. The
basic economy of the county is composed of three major fac-
tors: lumbering, agriculture, and tourism. The lumber
industry contributes approximately 33 percent of the buying in-
come for the county; agriculture, 30 percent; and the tourist
industry, approximately ta percent. The remaining as per-
cent is contributed by the other various industries such as rail-
roads, educational institutions, and other diversified enter-
prises. The county has approximately 1600 miles of roads in
its public roads system, and approximately 8Z5 miles of these
are county roads. At the present time approximately 50 per-
cent of the county roads have been surfaced with asphaltic
paving materials.

About two years ago the Klamath County Court recog-
nized the problem in defining a "county road" insofar as the
Oregon Statutes were concerned. Most of the individuals hear-
ing the presentation or reading the contents of this paper will
understand that Oregon law provides that all public roads are
not under the jurisdiction of the counties, but only those roads
which have been designated by an order of the County Court to
be county roads can be maintained or improved at the expense
of the county's general road fund.

The Kiamath County Court, recognizing that this
feature of the Oregon law has led to a certain amount of arbi-
trariness in accepting roads into the county road system in
past years, appointed what is now known as the Klamath County
Roads Advisory Committee. The purpose of this committee
is manifold, and for purposes of this presentation I think it
would be sufficient to state that one of their primary purposes
is to define a "county road" and then to devise a long-range
program for improving these county roads with the funds that
are available to the county.

This committee did develop a formula by which any
public road could be taken into the county road system. The
formula sets up a number of criteria which must be met by the
public use of the road before it can be considered for desig
nation as a county road. The formula is designed to take into
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consideration the basic economic factors in the county, and be-
cause of this is somewhat peculiar to Klamath County. Although
it may be appropriate for other rural counties who have funda-
mentally the same basic economic factors, it would not be nec-
essarily adaptable to other counties, especially those which are
metropolitan by their nature.

Now that the county has a definition of a county road, the
committee decided it would be of some benefit to know how the
county's road fund was being expended on these county roads.
The committee desired to know the amount of maintenance
money that was being spent each year, and the amount of new
construction funds which were being expended each year from the
county's general road fund. In addition, the committee desired
to know the amount of monies that were being spent on each
individual road, both for maintenance and new construction, in
order to determine when maintenance of a road in its present
condition became cumbersome and the results of which would
lead to some improvement of the roads. The committee also
needed this information to determine a reasonable program for
road improvements to be included in each capital improvement
program of the County Road Department.

There is, of course, only one method available to engi-
neers to determine the amount of money being spent for the
purposes which I have stated. This is through a comprehensive
cost accounting system. The Klamath County Road Department
did set up a cost accounting system which operated for about
12 calendar months prior to the distribution of the National
Association of County Engineers Manual on Cost Accounting.

The original system was developed from the scarcity
of information that is available concerning cost accounting sys-
tems. Needless to say, there were a great number of errors
and omissions in the system which were found to be evident fol-
lowing the use of the system for a period of time. Recognizing
this, the County Court of Kiamath County engaged a certified
public accountant to review the system after it had been in
operation approximately 10 months, and make recommendations
for the development of a comprehensive system to develop an
accurate cost accounting system and records.

Coincidental with the engagement of this certified public
accountant, this writer was presented with the NACE manual
on road experience records in which a cost accounting system is
outlined and defined in such a manner that it is suitable for
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counties of all characteristics. Fortunately, the manual was
received in time so that the certified public accountant could re-
view the manual to determine its acceptability in our particular
case. The manual met with the approval of our accountant, and
subsequently the cost accounting system for the Klamath County
Road Department was designed around the NACE manual on road
records at the recommendation of a certified public accountant.
The cost accounting system has been operating under this guid-
ance for the previous 7 months, and we have found it to be a
successful system which could easily be incorporated into our
record keeping procedure because of its adequate clarity and
simplicity.

I would like to note here that the Kiamath County Road
Department is not attempting to determine the intricate cost
factors which make up road construction and maintenance.
Although the Road Department records do indicate the cost of
grading and excavation in construction, at the present time it
would be impossible to attempt to determine the unit cost of
doing this grading and excavation. For the present purposes of
the Road Department, it is felt that it would be adequate to know
the dollar volume of work which has been completed or is in the
process of being completed and, using a certain amount of
rational judgment, it is possible for the county engineer to es-
timate the costs of any proposed project. Kiamath County is
one of the counties in Oregon in which the Road Department per-
forms all of the road maintenance and construction factors with
its own labor and equipment. This includes all phases of en-
gineering, production of materials, and construction of any
given road project. Therefore, the procedure for Klamath
County to anticipate the costs of a proposed project based up-
on its experience in a similar project is greatly simplified.

This writer does not feel that the NACE manual is ac-
ceptable to be incorporated in all county road department op-
erations without modification. Nor does this writer feel that
it was the intent of the authors of the manual to make it adapt-
able to all county road department operations. Kiamath
County has one man employed as a cost keeper who also has
the additional duties of purchasing agent for the Road Depart-
ment to handle this phase of county road operations. This one
individual is assisted by one woman who uses the pen and ink
system for posting the cost records to the appropriate journals
and ledgers.

At the present time it would not be feasible for this
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County Road Department to enlarge further on the cost records
portion of the Road Department operations. However, without
the guidance and the assistance of the contents of the NACE
manual, it would not have been possible for our Road Depart-
ment to proceed as far as it has in this field. Therefore, I
cannot help but feel that the manual can be modified in any man-
ner without destroying the principles contained in the manual
and adapted to any county road department operations.

I would like now to take the opportunity to discuss with
you the problem of road planning for county road departments.
The National Association of County Engineers has prepared and
distributed a manual entitled 'Advance Road Records, " which
has been put to use by the Kiamath County Road Department.
As I have stated before in this presentation, one of the duties of
the Klamath County Roads Advisory Committee was the prep-
aration of a five-year advance plan for capital improvements on
the county road system.

To the best of this writer's knowledge, there is no in-
formation available to the rural county engineer in this par-
ticular phase of county road operations other than the NACE
manual. Klamath County has found that the manual on Advance
Road Planning has also been prepared with sufficient clarity to
be adaptable to the county road operations. The manual sets
forth the procedures which can be used to determine the suf-
ficiency of any road in its present physical.condition for the
present or potential use that the public is giving or will give any
particular road. In essence, when one follows the manual, a
methodical measurement of the deficiencies in each road is de-
termined in order to rate the sufficiency of the road as it
compares to assigned standards for the public use of the road.
Klamath County has found that the manual is especially adap-
table to the suburban areas of the county, and by utilizing this
procedure, which forces a close scrutiny of the physical con-
dition of the road, we were able to determine those roads
which could be vastly improved with the expenditure of main-
tenance funds only, and those roads which would require the
expenditure of new construction funds in order to reduce the
priority rating of the road.

It appears to be necessary that the engineer, when ap-
plying these factors, must recognize the difference between
maintenance and new construction. There seems to be a fine,
intangible line which should be drawn between the upper limits
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of maintenance responsibilities and the lower limits of new con-
struction responsibilities. In general, the Kiamath County Road
]Department has considered resurfacing of an existing pavement
with a new oil mat to be the lower limits of new construction.
The upper limits of maintenance can best be defined by such
projects as shoulder widening or the resealing of an existing oil
mat pavement. Utilizing these general analogies, the Klamath
County Road Department has found it possible to differentiate
between new construction and maintenance when considering any
individual road project.

If this writer were to be critical of the NACE manual on
Advance Road Programming, he would criticize the manual for
lack of differentiation between a suburban street or highway and
a rural road or highway. In the case of the application of stand-
ards in Klamath County, we are finding that because of the eco-
nomic factors in the county and because of the vastness of the
rural areas, it is virtually impossible for us to set one set of
standards to cover the suburban arterial as compared to the
rural arterial. We are finding that there are certain factors
which must be included in the advance road planning program
which could not, of course, be included in any manual designed
to facilitate all counties.

Let me cite an instance of the problem facing Klamath
County. There are four national forests which have jurisdiction
over public lands in Klamath County. Three of these forests
are partially contained inside of the county, and one of the for-
ests is contained entirely within the county. Since the lumber
industry provides approximately 33 percent of the economic
base of the county, any county road planning must take this fac-
tor into consideration. Studies made by the United States For-
est Service have indicated that it costs $0. 04 per thousand board
feet per mile of road additional cost to transport logs over a
gravelled road than it would cost to transport these same logs
over a hard-surfaced road. Knowing that the prospective pur-
chaser of public land timber will consider this factor along with
the proposed haul route from the harvest area to the lumber
mill when bidding for the sale of public land timber, the end re-
sult is that a lower price is paid for the trees which are offered
for sale. This has a direct reflection back on the revenues of
the County Road Department since it will share in the price paid
for the trees to be harvested from public land timber sales.
Therefore it is necessary for Kiamath County to consider this
factor and consider the problem of road improvements on timber
haul routes to not just be expenditure from the county road fund,
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but to be an investment in the future welfare of the county road
fund and the county as a whole.

Therefore, at the time of writing this paper, it appears
to this writer than Klamath County will utilize the NACE manual
on Advance Road Programming in a modified form to develop a
priority system for improving suburban streets and highways
and not necessarily directly compare them with a priority sys-.
tem for the improvement of rural roads and highways.

In general, and in summary, this writer is extremely
grateful to the National Association of County Engineers for the
preparation of their manuals, which are tending to be of great
assistance towards the development of good road management
practices on the county level.

In the State of Oregon, the county road department is
the one county department over which the county court, or
board of county commissioners has complete jurisdictional
authority. County commissioners should utilize their road de-
partments to indicate that they are capable of producing good
management practices, and county engineers should utilize
whatever means are available to them to enhance this attitude.
Management and administration of county road funds and pro-
cedures and policies are complicated tasks to say the least.
Gathering the practices and ideas of counties all over the United
States and condensing them into manuals, such as has been done
by the National Association of County Engineers, will, I am
convinced, lead to the adoption of good standards and acceptance
by the public of the plans and programs of county road depart-
ments. I cannot recommend too highly the inclusion of these
manuals in the operations of any county road department.
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REGISTRATION LIST

NAME ADDRESS ORGANIZATION

Adams, Donald R. Salem, Oreg Oregon State Hwy Dept
Ahivers, Herman Port Angeles, Wash.County Highway Dept
Albright, W. D. Salem, Oreg Oregon State Hwy Dept
Allen, Don Eugene, Oreg City of Eugene
Anderson, J.A. Salem, Oreg Marion County
Anunsen, Fred S. Salem, Oreg American Asphalt Paving
Archibald, A. E. Salem, Oreg Oregon State Hwy Dept
Arenz, Richard M. Salem, Oreg Bureau of Public Roads
Arrasmith, J.W. Spokane, Wash. Spokane County
Ayers, H. C. Salem, Oreg Oregon State Hwy Dept
Bagley, J. R. Seattle, Wash. Union Oil Co
Baird, Al Medford, Oreg City of Medford
Baker, George C. Coquille, Oreg Oregon State Hwy Dept
Bangert, J.B. LaGrande, Oreg Oregon State Hwy Dept
Barney, James Grants Pass, Oreg City of Grants Pass
Bartley, E.J. Seattle, Wash. Amfenco Inc
Bartley, J. W. Tacoma, Wash. Refinery Sales Co
Bates, Alfred W. Redmond, Oreg Oregon State Hwy Dept
Bean, Dale E. Prosser, Wash. Benton County
Benedict, A. V. Portland, Oreg Oregon State Hwy Dept
Bennett, S.M. Corvallis, Oreg U.S. Forest Service
Bergstrom, Don Portland, Oreg City of Portland
Berning, John Redmond, Oreg City of Redmond
Beuker, G. J. Portland, Oreg Shell Oil Co
Blee, K. R. Portland, Oreg Shell Oil Co
Blensly, R. C. Salem, Oreg Oregon State Hwy Dept
Blum, W. M. Springfield, Oreg City of Springfield
Bond, W. R. Portland, Oreg Amer Wood Pres Inst
Bond, W.R., Jr Hilisboro, Oreg Permapost Products Co
Bowes, W.A. Portland, Oreg City of Portland
Brammer, Otto Gifford, Idaho Nez Peree County
Brauer, Robert Seattle, Wash. Calif Metal Enamel
Brooks, G. R. Salem, Oreg Bureau Public Roads
Branson, D. G. Portland, Oreg Cement Industry of Oreg
Brown, AN. Portland, Oreg Multnomah County
Brown, Wes P. Prosser, Wash. Benton County
Brownson, L. D. Astoria, Oreg City of Astoria
Bruce, L.R. Los Angeles,Cal U.S. Rubber Co
Buggee, W.A. Olympia, Wash. State of Washington
Burr, G. F. Coquille, Oreg City of Coos Bay
Burtenshaw, J. R. Idaho Falls, Idaho Bonneville Co
Cairns, V. T. Meridian, Idaho Bureau Public Roads
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Caldwell, Noel Seattle, Wash. Caldwell Machine Co
Cameron, J. F. Portland, Oreg Bureau Public Roads
Carnegie, O.A. Albany, Oreg Linn County
Carstensen, R. J. Medford, Oreg Jackson County
Carter, T. Lebanon, Oreg Morse Bros
Casey, Robert Grants Pass, Oreg City of Grants Pass
Chandler, L. R. Roseburg, Oreg State Highway Dept
Chapman, Archie Salem, Oreg City of Salem
Christie, J. J. Lake Oswego, Oreg Bitumuls Asphalt Co
Clark, G. L. Salem, Oreg Oregon State Hwy Dept
Clements, H. L. Sacramento, Cal Prismo Safety Corp
Coffey, V. H. Salem, Oreg Oregon State Hwy Dept
Colby, A.H. Nyssa, Oreg City of Nyssa
Compton, John McMinnville J. C. Compton Co
Congdon, Bob Portland, Oreg Amer Bitumuls &

Asphalt Co
Conklin, R. D. Salem, Oreg Oregon State Hwy Dept
Cooper, Forrest Salem, Oreg Oregon State Hwy Dept
Cottingham, K. Spokane, Wash. Wash. State Hwy Dept
Coulter, J. S. LaGrande, Oreg Oregon State Hwy Dept
Cowan, E. H. Helena, Montana Bureau of Public Roads
Cox, H. S. Salem, Oreg Oregon State Hwy Dept
Crandall, F.B. Salem, Oreg Oregon State Hwy Dept
Creitz, N. Portland, Oreg Air-Mac Inc
Crossen, Lee Selah, Wash. Yakima County
Crumbley, D. Seattle, Wash. City of Seattle
Daniels, D. P. Salem, Oreg Oregon State Hwy Dept
David, R. D. Mercer Is. ,Wash. City of Mercer Island
Davis, J.H. Salem, Oreg City of Salem
Decker, G. L. Salem, Oreg Oregon State Hwy Dept
Dee, Theodore Salem, Oreg Bureau of Public Roads
DeFrance, l.A. Salem, Oreg Oregon State Hwy Dept
DeKlotz, L.A. Portland, Oreg Bureau of Public Roads
Devine, Paul R. Helena, Mont Mont Hwy Commission
DeYoung, W.E. Los Angeles Automatic Signal Div
Dillard, Dave Corvallis, Oreg Oregon State Univ
Dobyns, W., Jr Gold Beach, Oreg Curry County
Dunbar, Bill Helena, Mont Bureau of Public Roads
Dungey, R. Coquille, Oreg City of Coquille
Eaton, J.H. Bend, Oreg City of Bend
Edwards, J.S. Oakland, Oreg City of Oakland
Edwards, Tom Salem, Oreg Oregon State Hwy Dept
Ehlen, George Portland, Oreg Portland Concrete Pipe
Eison, Lem Springfield, Oreg City of Springfield
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Ellis, Harry F.
Emrich, H.
Esch, Rex E.
Eachback, A.M.
Face, Glenn S.
Failmegor, R.W.
Fleck, Hal
Fogelquist, C.F.
French, B.M.
Furniss, William

Gallagher, J.H. ,Jr
Garrison, W. A.
Geaney, J.J.
George, L.E.
Gianotti, J.R.
Giffin, A.W.
Gilbert, Ralph
Gilman, Don
Glenn, Bob
Goodnight, V.L.
Gore, Clayton
Grafe, Willis
Graham, A.D.
Graham, W.T.

Groh, Tony
Grubb, G.E.
Gunn, D.W.
Hagemann, J.F.
Hall, Frank
Hall, W.L.
Hallvik, C.C.
Hamilton, H. E.
Hanson, Curtis C
Hanson, Russ
Harlernan, J.D.
Hart, Edward W.
Harvey, Glen E.
Hathaway, C. H.
Hathorn, W.H.
Hawkins, M.S.
Hayner, A.A.
Head, J. Al

Medford, Greg
Roseburg, Oreg
Florence, Greg
Spokane, Wash.
Tacoma, Wash.
Salem, Greg
Springfield, Greg
Portland, Oreg
Portland, Greg
Richmond Beach,
Wash.
Corvallis, Greg
Martinez, Cal
Coquille, Greg
Salem, Greg
Portland, Greg
Colfax, Wash.
Portland, Greg
Eugene, Greg
Berkeley, Cal
Corvallis, Greg
Seaside, Greg
Salem, Greg
Salem, Greg
Forest Grove,
Greg
Pendleton, Greg
Roseburg, Oreg
Portland, Greg
Salem, Greg
Salem, Greg
Portland, Greg
Boise, Idaho
Sweet Home, Greg
Corvallis, Greg
Portland, Greg
Cornelius, Greg
Springfield, Greg
Bend, Greg
Moscow, Idaho
Hilisboro, Greg
Philomath, Greg
Portland, Greg
Salem, Greg
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City of Medford
U.S. Forest Service
City of Florence
City of Spokane
Douglas Fir Plywood
Gregon State Hwy Dept
City of Springfield
Forest Engineer
Bureau Public Roads
American Bitumuls

Corv Sand & Gravel
Contra Costa Co
Coos County
Gregon State Hwy Dept
Concrete Conduit Co
Whitman County
Greg-Portland Cement
City of Eugene
Univ of California
City of Corvallis
City of Seaside
Bureau Public Roads
Marion County
City of Forest Grove

City of Pendleton
Douglas County
Amer Bitumuls Asphalt
Gregon State Hwy Dept
Gregon State Hwy Dept
Bureau Public Roads
Bureau Public Roads
City of Sweet Home
Benton County
Pac NW Bell Tel Co
City of Cornelius
City of Springfield
City of Bend
Univ of Idaho
City of Hillsboro
Benton County
U.S. Rubber
Gregon State Hwy Dept



NAME ADDRESS

Heater, F.
Herman, Frank
Hibbard, Ray
Higgins, H.C.
Hill, Jess
Hoefler, Otto

Huckabee, R.J.
Huddleston, M.
Hull, David M.
Hunter, ES.
Huntley, B.P.
Irwin, A.W.
Jensen, Don
Jensen, L.G.
Johnson, A.E.
Johnson, A.G.
Johnson, B.M.,Jr
Johnson, H. C.
Johnson, R.T.
Johnson, Ted L.
Johnston, E.E.
Jones, Byron
Jones, Robert
Jones, Norris

Keeley, J.H., Jr
Kelly, Tom F.
Kennedy, Norman

Keyser, L.E.
King, Sidney
Kistner, K.L.
Kitching, J.D.
Kitzmiller, Harland
Klein, A.M.

Knight, Charles
Knight, Kenneth
Kouf, C.
Kuenzi, T.
Kurth, W.W.

Lacey, F.l.

Oregon City, Oreg
Oregon City, Oreg
Eugene, Oreg
Olympia, Wash.
Eugene, Oreg
Portland, Oreg

Burley, Idaho
Newport, Oreg
Roseburg, Oreg
Milwaukie, Oreg
Portland, Oreg
Portland, Oreg
Harrisburg, Oreg
Salem, Oreg
Portland, Oreg
Oakridge, Oreg
Pullman, Wash.
Corvallis, Oreg
Salem, Oreg
Seattle, Wash.
Portland, Oreg
Portland, Oreg
Colfax, Wash.
McMinnville,
Oreg
Oregon City, Oreg
Seattle, Wash.
Richmond, Cal

Seattle, Wash.
Portland, Oreg
Coquille, Oreg
Estacada, Oreg
West Linn, Oreg
Forest Grove,
Oreg
Portland, Oreg
Yakima, Wash.
Salem, Oreg
Salem, Oreg
Kiamath Falls,
Oreg
Salem, Oreg
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City of Oregon City
Clackamas County
Air-Mac Inc
Asphalt Institute
Lane County
Amer Bitumuls &
Asphalt Co
City of Burley
Lincoln County
City of Roseburg
Oregon State Hwy Dept
Oregon State Hwy Dept
J.A. Baxter Co
Morse Brothers
Bureau Public Roads
Oregon State Hwy Dept
City of Oakridge
Wash. State Univ
Oregon State Hwy Dept
Amer Asphalt Pay Co
Martin Marietta Co
Oregon State Hwy Dept
Portland Cement Assn
Whitman County
Yamhill County

Clackamas County
Martin Marietta Co
Inst of Transportation
& Traffic Engr
Econolite
Oreg State Motor Assn
Coos County
City of Estacada
City of West Linn
City of Forest Grove

Portland Cement Assn
City of Yakima
Marion County
Marion County
Klamath County

Oregon State Hwy Dept



NAME ADDRESS

Larson, C.S.
Layton, Karl M.
Leedom, Hal
Leland, E.J.
Liedlich, Bill
Littlefield, L.A.
Lovcring, W.R.
Loutzenheiser, B. W
Manning, Don
Manning, Lynn
Marker, Vaughn
Martell, C.J.
Martin, H. A.
Martin, M.E.
Martinson, R.
Massey, W.R.
Mathes, E.
Matthews, A.T.
Mayo, J.S.
Maytin, I. L.
Meisner, L.
Meidreiri, G. W.
Meng, K.A.
Meyer, R. E.
Middleton, Paul
Miles, G.N.
Miller, John D.
Milliorn, I.
Mills, Edwin L.

Mills, Florian
Mime, Dexter
Miner, Asberry
Mitchell, M. R.
Moerder, J.G.
Moran, D.W.
Morris, D. E.
Merrill, HG.
Morse, F.W.
McClarty, B.J.
McComb, O.G.
McCready, A. B
Mclnerny, John
McIntyre, J.C.

Portland, Greg
LaGrande, Greg
Coos Bay, Greg
Spokane, Wash.
Beverly Hills, Cal
Portland, Greg
Sacramento, Cal
Washington, D. C.
Olympia, Wash.
Spokane, Wash.
Berkeley, Cal
North Bend, Greg
Salem, Greg
Salem, Greg
Salem, Greg
Salem, Greg
Boise, Idaho
Seattle, Wash.
Yakima, Wash.
Pullman, Wash.
Hamilton, Mont
Edmonds, Wash.
Roseburg, Greg
Beaverton, Oreg
Madras, Greg
Denver, Cob
Moscow, Idaho
Prinville, Greg
Anchorage,
Alaska
Salem, Greg
Oregon City, Greg
Tillamook, Greg
Seattle, Wash.
Portland, Greg
Portland, Greg
Tacoma, Wash.
Winchester, Greg
Lebanon, Greg
Portland, Greg
Ontario, Greg
Lewiston, Idaho
Colfax, Wash.
Oregon City
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Asphalt Institute
Oregon State Hwy Dept
City of Coos Bay
City of Spokane
Stimsonite
Arrow Trans Co
Asphalt Institute
Bureau of Public Roads
Bureau of Public Roads
Union Gil Co
Asphalt Institute
Coos County
Marion County
Bureau Public Roads
Oregon State Hwy Dept
Marion County
Idaho Dept of Highways
Econolite
City of Yakima
Wash. State Univ
Ravalli County
Union Gil Co
City of Roseburg
Cunsulting Engr
City of Madras
Cob Dept of Highways
Wash. State Univ
Crook County
Alaska Div of Hwys

Bureau of Public Roads
Clackarnas County
Tillamook County
City of Seattle
Ideal Cement Co
Bureau Public Reads
Morris Const Inc
Douglas County
Morse Brothers
Bureau Public Roads
Oregon State Hwy Dept
Nez Perce County
Whitman County
Clackamas County



NAME ADDRESS ORGANIZATION

McMinney, R.G. Lebanon, Oreg Morse Brothers
McKinstry, E.N. Hillsboro, Oreg Washington County
McNerney, John Los Angeles Portland Cement Assn
McNutt, R. E. Eugene, Oreg Earl L. McNutt Co
Nedry, Dirick Dallas, Oreg City of Dallas
Nichol, F. K. Caldwell, Idaho Canyon County
Olson, R.F. Eugene, Oreg Eugene Concr Pipe Co
Owen, Wallace Grants Pass, Oreg Josephine County
Page, Emerson Salem, Oreg Page Paving Co
Painter, Jay E. Idaho Falls Bonneville County
Palmer, Gene Pendleton, Oreg tJmatilla County
Parson, A. T. LaGrande, Oreg Oregon State Hwy Dept
Partridge, J. M. Springfield, Oreg City of Springfield
Patterson, R. M. Seattle, Wash. Reynolds Metals
Patton, Frank L. St.Helens, Oreg Columbia County
Peterson, D. L. Portland, Oreg Oregon State Hwy Dept
Powell, Virgil M. Prineville, Oreg City of Prineville
Prange, R.H. Salem, Oreg Oregon State Hwy Dept
Phillips, John A. Salem, Oreg Oregon State Hwy Dept
Plymate, Glenn A. Salem, Oreg St Brd of Aeronautics
Polk, C.G. Salem, Oreg Bureau Public Roads
Puddy, Hal Hood River, Oreg City of Hood River
Railey, W.M. Eugene, Oreg Ideal Cement Co
Ray, Gordon K. Chicago, Ill. Portland Cement Assn
Read, Howard H. Salem, Oreg Oregon State Hwy Dept
Rear, Alfred A. Portland, Oreg Oregon State Hwy Dept
Richards, A. K. Yakima, Wash. City of Yakima
Robert, Glenn Salem, Oreg Marion County
Robinson, Arthur Sequim, Wash. Clallam County
Rodgers, R.P. Olympia, Wash. Bureau Public Roads
Rogers, Ernest H. Seattle, Wash. Portland Cement Assn
Rohrbough, D. Portland, Oreg Oregon State Hwy Dept
Ross, Clifford Salem, Oregon Marion County
Ross, Lew J. Boise, Idaho Idaho Dept of Hwys
Rudolf, C.W. Spokane, Wash. Spokane County
Runkle, Leonard Portland, Oreg Assoc General Contractors
Russell, George R. Moscow, Idaho Univ of Idaho
Rynning, Paul B. Medlord, Oreg Retired county engineer
Salmen, C. B. Boise, Idaho Bureau Public Roads
Sawhill, Roy B. Seattle, Wash. Univ of Washington
Schmidt, R. E. Palos Verdes Automatic Signal Div

Estates, Cal
Schmidt, Walter Corvallis, Oreg Benton County
Schoppert, D. W. Washington, D. C. Automotive Safety
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Schroeder, R. L. Salem, Oreg Oregon State Hwy Dept
Schwegler, R. M. Portland, Oreg Bureau of Public Roads
Seaman, Paul F. Mjlton-Freewater, City of Milton-Free-.

Oreg Water
Sharrah, I-I. H. Hood River, Oreg Hood River County
Shaw, Lloyd P. Portland, Oreg Oregon State Hwy Dept
Shearer, K. C. Salem, Oreg Bureau Public Roads
Simmons, Earl C. Longview, Wash. International Paper Co
Simpson, E. C. Olympia, Wash. Wash. Dept of Hwys
Smith, Cicero Forest Grove, City of Forest Grove

Oreg
Smith, Daniel I. Springfield, Oreg City of Springfield
Smith, Robert E. Boise, Idaho Ada County
Srnitton, L. C. Pendleton, Oreg Oregon State Hwy Dept
Sparrow, G.T. Mercer Island, G.T. Sparrow & Assoc

Wash.
Sphar, Leland L. Seattle, Wash. Concrete Products Assn
St. John, Russ Hermiston, Oreg City of Hermiston
Stark, William E. Salem, Oreg City of Salem
Stevens, C. B. Portland, Oreg Arrow Transp Co
Stewart, F. C. Portland, Oreg U.S. Steel
Stephenson, R.A. Portland, Oreg Bureau Public Roads
Still, Rex G. Olympia, Wash. Wash. Dept of Hwys
Stiliwell, J. R., Jr Portland, Oreg Traffic Safety Supply Co
Stolsig, Jack Lebanon, Oreg City of Lebanon
Strombom, D.A. Seattle, Wash. King County
Strombom, H. 0. Goldendale, Wash. Klickitat County
Stubblefield, A. G. Seattle, Wash. Ideal Cement Co
Stubbert, George Sutherlin, Oreg City of Sutherlin
Sturmer, Paul Spokane, Wash. Nati Corrugated Pipe
Succo, Earl A. Seattle, Wash. City of Seattle
Sweet, H.R. Yakima, Wash. Yakima County
Templin, R. L. Grants Pass, Oreg Josephine County
Terrel, Pat Sutherlin, Oreg City of Sutherlin
Thompson, Ed H. Portland, Oreg Bureau of Public Roads
Thomson, Pat Pasco, Wash. Franklin County
Tibbetts, J. R. Tillamook, Oreg Tillamook County
Troon, R.D. Grants Pass, Oreg Josephine County
Utterback, T. E. Portland, Oreg U.S. Forest Service
Valach, E.J. Portland, Oreg Bureau Public Roads
Van Wormer, B.T. Salem, Oreg City of Salem
Vaughan, Raymond Medford, Oreg City of Medford
Venoble, Larry Seattle, Wash. Nat'l Hwy Users Conf
Vergick, Robert Medford, Oreg City of Medlord
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Waggoner, Roy T. McMinnville, City of McMinnville
Oreg

Walberg, H.O. Eugene, Oreg Lane County
Wallan, Bob Eugene, Oreg Amer Bitumuls
Warren, David Dallas, Oreg City of Dallas
Warren, W. L. Corvallis, Oreg Cornell, Howland,

Hayes & Merryfield
Weir, A.N. Portland, Oreg Oreg State Motor Assn
Wells, C.K. Kiamath Falls, Kiamath County

Oreg
West, Donald B. Wenatchee, Wash. Chelan County
Westling, Mark Eugene, Oreg Univ of Oregon
Whitcomb, G. E. Lebanon, Oreg City of Lebanon
Widdows, W. 0. Salem, Oreg Oregon State Hwy Dept
Williams, Carl M. The Dalles, Oreg Oregon State Hwy Dept
Wilson, Robert M. North Bend, Oreg City of North Bend
Wimer, Gerald Salem, Oreg Oregon State Hwy Dept
Winters, Walt Seattle, Wash. King County
Woelke, Frank Salem, Oreg Marion County
Wolfe, Victor D. Salem, Oreg Oregon State Hwy Dept
Wood, F. L. Portland, Oreg Union Oil Co
Wood, Art Eugene, Oreg Eugene Rd & Driveway Co
Wyatt, A. G. Eugene, Oreg City of Eugene
Wyborney, H. A. Kennewick, Wash. Shell Oil Co
Wyckoff, Coley Richmond Beach, American Bitumuls

Wash.
Young, L. H. Salem, Oreg Oregon State Hwy Dept
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COORDINATORS

J. Al Head, Chairman
Martin P. Coopey, Vice-Chairman
B. J. McClarty, Secretary

TECHNICAL PROGRAM

The Steering Committee

LOCAL ARRANGEMENTS

Gordon Beecroft, Oregon State University
Martin P. Coopey, Oregon State University

fttlAWKAIi
Donald Bergstrom, Assistant Traffic Engineer, Portland
Val P. Johnson, Traffic Control Engineer, Oregon State Highway

Department
R. L. Schroeder, Engineer Economist, Oregon State Highway

Department
Student Chapter, American Society of Civil Engineers, Oregon

State University

PUBLICITY

Carl Plogg, Information Officer, Oregon State Highway Depart-
ment

Fred C. Zwahlen, Jr, News Bureau, Oregon State University

PROCEEDINGS & PROGRAM PREPARATION

Wilford G. Beard, Draftsman, Traffic Engineering Division,
Oregon State Highway Department

Mrs. Nadine Cater, Administrative Secretary Traffic Engineer-
ing Division, Oregon State Highway Department

Helga Crist, Draftsman, Traffic Engineering Division, Oregon
State Highway Department

Sara Easbey, Secretary, U.S. Bureau of Public Roads, Portland
Harry Esch, Chief Draftsman, Traffic Engineering Division,

Oregon State Highway Department
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STEERING COMMITTEE

Oregon State University

Gordon Beecroft, Associate Professor of Civil Engineering
Fred Burgess, Acting Assistant Dean of Engineering
Martin P. Coopey, Professor of Civil Engineering
G. W. Holcomb, Head, Civil Engineering Department

Oregon State Highway Department

Forrest Cooper, State Highway Engineer
F. B. Crandall, Traffic Engineer
J. Al Head, Assistant Traffic Engineer
Vic Wolfe, Administrative As sistant

League of Oregon Cities

Harold Davis, Director of Public Works, Salem
V. L. Goodnight, Director of Public Works, Corvallis
A. M. Westling, Planning Consultant, League of Oregon Cities

Association of Oregon Counties

John Anderson, Marion County Engineer
Edward McKinstry, Washington County Engineer
Kenneth Tollenaar, Executive Secretary, Association of Oregon

Counties

U.S. Bureau of Public Roads -gion 8
James Cameron, Assistant Regional Engineer
Wm. Hall, Planning & Research Engineer
B. J. McClarty, Construction & Maintenance Engineer
James O'Hearne, Secondary Roads Engineer

ITE - Western Section

Donald Bergstrom, Secretary-Treasurer
R. L. Schroeder, Oregon Area Chairman

Oregon State Motor Association

Sid King, Administrative Assistant
A. N. Weir, Secretary-Manager

Associated General Contractors - Portland Chapter

A. H. Harding, Manager
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OREGON STATE UNIVERSITY

ENGINEERING EXPERIMENT STATION

CORVALlIS, OREGON

PARTIAL LIST OF PUBLICATIONS
(Foe a 000t/'/ttt listIng tivttc I/to Ertgtrtcceing F.r/'eitrtcrtl .Slttttott.)

Bufletins-

No. 10. Tbc I'c of rho Fourier Serie iii th Solution of Be,ir ProLlnr-, Lv B. F. Ruffner.
1)44. SOc.

No. 10. 19-IS I'rttgres Ifeport art !'ol]utiort of l)reaoti Stream,, Lv Fttl Mn s reid arid
\V. ( . \\t]toot. tt I. 40g.

No. 20, The It.he. of thc \\ri]:trttettc River Se-tent it Relation Itt 'ellutiorr, In 14. F.
It-toted arti Ire) M,-rtetieltl. 0Th, 00.

No. 21. Tite ('-ti of tile Fourier Series iii tile Soltitioti of Bearn-(ttltrmrt i'rohlerrn, Lv
B. F. Rufirter. 1045. 255.

No. 22. Indit-trial anti ('itt' \',a,te,, bt Fred Merrvfteid, \V. B. Bourn arid F. C. Kachei.
holler. I 947 40g.

No. 23. Tcrt-Ve,tr Mortar Strt'tttcth 'fe-te of ttontte ( )rcgon Sanitit, be ('. Id 'l'horna. ann!
S. 11. Graf. 1940. 25g.

No. 24. Space 11 calm Lv Elect rio RaW tnt l'anela tnt! hr Reverse-Cycle, by I_oats Siege!.
1040 9g,

No. 25. 'rite llattdi Wirer Turlurte, tv ('. A. Mocltrrtore sin! ("ret! Merrvlieiti. "eL 194ut.
405.

No. 2). Ignition Ltttp r,ttur of Vartomi.. I'a4ter., \\'ooils, aid Fabric-, Lv S. I!. Graf.
10 )'t Ic.

No. 27. Cviarttlm'r Heat! Im'niniratrtrea il Faire .-\iriianes tr-itlt Continental Ads llrrgirrr'., Lv
S. I!. I_omvv. iuiv i40.

No. 29. De1ectrtc l'nttert'm'.. of (otto/a.. Hr itt lush I'ret1rmencie.., Lv P. 1, \\'trtkujtf arid
M. I). Mactiottahi. iniv Pt4. 40g.

No. 29. Dielectric i'rtt'rttm of I'onttiero-,t trio at utah Fr.'t4tienicic.., ity I. I. \\ itthoyf anti
M. It. M,tctloniail. Setttenhilt r It) 4) 10g.

No. 30. Ex1ltrttlt ii Sitalo .\OOrcO.tte in Stntmctttral Concrete, tv I). It. Ilitcitie mid S. II.(;raf.Aua 1t)51 yg,
No. 31. Irti4tntivctirents in the Field Di..ttllation of 11eptermirtt Oil, by A. I). Hughes.

..\tig 1952. 1)0.

No. 32 . .5,,Caue for liii' Smleasttreriit'ttt of 'I'rarlsicrtt I fvt!ratt) ic I're-ttres, Lv F. F. Rice.
si 1052. 40g.

No. 33. Tire Effect if Fits! Sulfi-ir arid T.tckst 'I'erriterlttrire art 'i-tori Ring Wear a..
I )ctcr,ttnn, ii liv Raiito:tctrvc !raccr, tv .01. I'ttiovtcii trill U. \V. I'etersori.dv 105:. 40g.

No. .14. i'oz,ttl.tntic i'rtttim'rties of Severlit Orcttoni 1W ,ttieite-, its C. (4. Ilettit, Jr. anril N. U.ltr,ttttle::itttr. 1,9) 3e.

No. 35. Motie! Stt,ti it'.. itt' inlet I)enurt- for Pitte ('rmlverr' art Sir011 Grade.., Li MaltuirmiLI. Karr lint! I.e-lie .\, Clayton, tine loSt. 40g.
No. 31. A Srritiv of I)ttcrile Iron intl It, Re-parr-c to \Veitltntg. be Vt'. It. Rice artti 0. G.!t,t..th,, \ .r Is'
No. 37, Evaluation of Tv4 ica! ('S tenon Iiit..e. Couree Sitltteriai.. by Triaxini 'Ic-i in e, byM, .0. I/mit, Jr. tilv I 05) 50g.
No. .10, Bactertai Fet'iitetttaiiori of Stterrt Sulfite I .ittrior for tbe I'rot!irction if I'rott'inr

(ttrlccittr;ttc .\illnl.t] Feed Sn44lirtient, ity IIertnt,i It AtnIerLa oct. ttt5e. sUeN. .14. Viol 00' Itl..jtt..aI mit! t'tiiiz:tititrm, liv U. \V. Iitttil,el, M. Nttrtbcraft, .0. Van\diet, M. Itt4tttvtcit .Ajt)ti. 195)1. $1115

Circulars-

No. I Iv \Vatcr \Vork.. Operator..' Manual. liv \Varrt'rt C. \Vc'icariit, Mar 1053. 75g.
No. 17. i'rucoc littos ctf tIle 1)5.1 Nttrtlttvt-t ('ttr,ft'rcrice urm !ttui Btti]itntu tOy 105), (50.
.\ 40 I'rti.e. hi ta. 5 .\trthtvc,t ('ttttfcrence tin U, It! Ilttilittu, Jittie t1d (Or.
No. 1°. Revtew for F.rrrinieenirt Rcgistratiort, I, Fitritiameritais Section, lty J,e-lie .0. Clay-

ttttr, lIce 1)55. (Or.

No. 20. f)ic',t of Orc9ott I..arid Srtrvccttie hates, Lv Kenneth C O'Ctititi I!. Jitrrc 105. 750.
No. 2!. Review for Ft girteer,rig Itegistratiorm, 2. Civil Engineering, ity Leslie A, Clayton

M.trvot .\. t'ita. ,litly 15.
No. 22. I/celtic fIr Err ci ricer i rtg Re0 I sinaI ott, 3 .Me cittin ical Etigi nerving, by Cltanies 0.heath, Jr. 1"eh 1957. $1.25.
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No. 23. Research and Testing in the School of Engineering, by M. Popovich. May 1957.
25

No. 24. Proceedings of the 1957 Northwest Conference on Road Building, July 1957. $1.00.
No. 25. Proceedings of the 1959 Northwest Conference on Road Building, Aug 1959. $1.00.
No. 26. Research Activities in the School of Engineering, by J. G. Knudsen, Nov. 1960.

256.
No. 27. I'roceedings of the 1960 Northwest Highsvay Engineering Conference, 13cc 1960.

$1.00.
No. 28. Proceedings of the 1962 Northsvest Roads and Street Conference, Mar 1962. $1.00.

Reprints-

No. 32. Heat Transfer Coefficients in Beds of Moving Solids, by 0. Levenstdel and
I. S. Walton, Reprinted from Proc of the Heat Transfer and Fluid Mechanics
1ntitute. 1949. 106.

No. 33. Catalytic Dehydrogenation of Ethane by Selective Oxidation, by J. P. McCullough
and J. S. Walton. Reprinted from Industrial and Engineering Chemistry. July
1949. 1O.

No. 34. Diffusion Coefficients of Organic Liquids in Solution from Surface Tension
Meaurcmcnts, by 16. C. Olson and J. S. \Valton. Reprinted from Industrial
Engineering Chemistry. Mar 1951. lOç.

No. 35. Transients in Coupled Inductance-Capacitance Circuits Analyzed in Terms of a
Rolling-Ball Analogue, by P. C. Magnusoo. Repruited from Vol 69, AIEE
Transactions. 1950. bc,

No. 36. Geometric Mean Distance of Ang!e.Shaped Conductors, by P. C. Magnusson. Re-
priited from \'ol 70, Al RE Transacmions. ISal. tOe.

No. 37. Energy-Choose It Wisely Today for Safety Tomorrow, by G. \V. Gleeson. Re-
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