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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 pubIicaions 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 one dollar and fifty cents.

For copies of publications or for other information address

OREGON STATE UNIVERSITY ENGINEERING EXPERIMENT STATION,

100 Batchellet Hall

CORVALLIS, OREGON 97331

Cover photo courtesy of Oregon Slate Highway Department
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WELCOME ADDRESS

by

George W. Gleeson

Members of the Conference, gentlemen, good morning. I
bring you greetings and welcome you to the campus as I have
welcomed this group many times before. This morning I want
you to join with me in paying a rather brief tribute to the memory
of the late James Albert Head. Better known to most of you as
3. Al Head. I note on his official record that in 1935, not liking
the name James, he changed it to a simple J. And evidently not
liking the name Albert, he changed it to Al. Subsequent to that
time he was known to all of his friends, and particularly the
people in this organization, as J. Al Head.

He was a native of Oregon, born in Eugene in 1913. He attended
grade school in Eugene and then high school in Eugene and Portland
and graduated from Jefferson High School in Portland. He attended
what was then Oregon Agricultural College, starting in l93Z and
attending until 1935 and then skipping for a period of time and
returning to the campus in 1938 to recieve his degree in Civil Eng-
ineering in 1939. During the time he was in school, even from the
beginning as far as my records show, Al was interested in high-
way work and worked in the summer and at odd times for the
highway department starting as an office assistant while still in
college. He was with the Highway Department for a long period
of time, starting as office assistant in 1935; as assistant traffic
survey engineer until 1938; as accident analysis engineer from
194Z-1944; and as origin-destination studies engineer 1944-1946.
He was on the Portland Metropolitan Traffic Study 1946-1949 and
was assistant traffic engineer 1949-1963. He left the Oregon
Highway Department in 1963 to go to Washington, D.C.

While Al was in school he was a very active person, being the
president of his social fraternity, Pi Kappa Phi while he was on
campus and subsequently president of the organization nationally
from 1960-196Z. He was a registered professional engineer of
Oregon, a member of the Department of Traffic and Operations
of the Highway Research Board. He also served on numerous
committees of the Highway Research Board, was a member, a
fellow actually, of the American Society of Civil Engineers and
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was a member of the National Society of Professional Engineers.
In 1955 Al received the Hughes Award of the Western Association
of State Highway Officials for his outstanding contributions to
highway engineering. In 1958 he was chairman of this group, the
Northwest Roads and Streets Conference, and served in this capa-
city until 1962. All during the time Al was in Oregon he was an
active participant in the affairs of this organization. He held
national officerships in the Institute of Traffic Engineers, serving as
president in 1963. He was a member of many of the activities of
ITE and was on the Technical Council and president of the western
section. He was a delegate to a number of international conferences
and meetings.

He left Oregon in 1963 to be employed by the Bureau of Public
Roads in Washington, in the office of Highway Safety, and he engaged
in a wide range of activities during the period that he was in federal
service, including traffic operation, motor vehicle operation criteria,
development of performance standards, highway safety programs,
and as the deputy director of the office of Driving Employment
programs for the National Highway Safety Bureau. He was director
of the office of Grants and Liaison of the National Highway Safety
Bureau and the Department of Transportation 1963-1968. He was
the director of the Safety Division of the Automotive Safety Found-
ation, 1968 until his death in 1969.

Al died suddenly on October the fifth, l969,following a heart
attack near his home in Church Falls, Virginia. His accomplish-
ments are documented in a good many places and I am sure that
APs contributions will not be forgotten. It gives me pleasure to
remember him in this connection.

Once again I welcome you, I hope you have a very profitable
meeting and I will say good morning to you because it will be
impossible for me to stay for your program. Thank you very
much, gentlemen.
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AIR-BAG AND SHOCK-ABSORPTION FRAMES

by

A. J. Slechter
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Air-Bag and Shock Absorption Frames

by

A. J. Slechter

I am a member of the National Highway Safety Bureau and
will speak this morning about some specific research programs
that are underway sponsored by the Bureau. I will show some
slides interspersed with film segments. What you will see in
most of the film clips are tests of car crashes. You will have
an opportunity to see the air bag in operation. For those who do
not know what the air bag is, you will get a good opportunity to
see the concept in action. You will also see some energy-managing
structures concepts being tested as part of the Bureau's Crash-
worthiness Research Program.

This slide, I believe, states the highway safety problem very
clearly: 55,200 fatalities, 2,000,000 injuries, 11.2 billion dol-
lars financial loss on the highways in 1968. We expect this num-
ber of fatalities to increase up to 56, 000 for the 1969 period.
Divide the total number of hours of a year into this figure and you
will find we kill about six an hour on the highways. You might also
want to relate this to the war in Viet Nam in which latest counts
for all the years of the Viet Nam war indicate a total of about
40, 000 deaths. This is a slide of the elements and phases of the
crash problem. A systems approach to the problem considers the
vehicle, the human, and the road and environment in all three
phases of the crash: the pre-crash phase, the actual crash phase,
and the post-crash phase. I will consider particularly the vehicle
and the crash phase as I discuss the crash survivability program
of the Highway Safety Bureau.

Look at some concepts first that are basic to all kinds of
crashes: the head-on, the rear-end, the side ,and the roll-over
crash. I will deal mainly with the head-on crash, with lesser
emphasis on the side, rear-end, and roll-over crashes.

This slide shows why we are emphasizing the front-end
crash. The numbers shown are the percentages of serious and
fatal injuries in automobile crashes that occur in front-end crashes.
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Side crashes account for about lOo and rear-end crashes
The front-end crash is a substantial contributor to the more
serious crash losses.

First some basic definitions and concepts. We call a crash
an abrupt change in velocity. What we are really interested in
is the fact that the car and its occupants are undergoing a deceler-
ation. The problem is to find ways to control the forces that are
involved in the deceleration. This slide shows a simple hut inter-
esting example of crash-energy management. Two eggs are
dropped from the same height -- one breaks, one does not. We
would normally say that one fell on a hard surface and broke, the
other fell on a cushion and did not break. It is a little more in-
volved than that. The forces acting on the egg that fell on the
hard surface were imparted to a very narrow area of the egg
surface. With the cushion the forces were spread over a reason-
ably large area of the egg surface. In addition, notice that the
egg falling into the cushion used up some distance in its stopping
maneuver. This relationship between the forces involved in
crashes and distance traveled is very important. We will speak
about acceleration and deceleration and probably use them inter-
changeably. They are obviously the same thing except for a change
in algebraic sign. A car which impacts another vehicle or wall or
pole undergoes a deceleration. A car which is impacted and takes
on momentum unde rgoes an acceleration, We will use the g value
as the frame of reference in our discussion.

If you are driving your car towards an intersection, and make
a normal braking stop, you will sense a g-value of about 0. 1 g.
ii you make an emergency panic stop and lock all four wheels on
dry pavement, you will sense something like 0. 6 g. The astronauts
during the lift-off phase sense about 4-g comfortably and in re-
entry they experience about 6-g, again with no problems. The
relationship shown between g-value and stopping distance is all
important relative to what we can do in the vehicle to control
the forces involved in a crash.

Consider the normal braking stop from 60 mph with a 0. 1 g

deceleration. This maneuver takes about 1, 0O feet. From 60 mph
the panic stop at 0. 6 g requires ZOO feet. Note that the higher
the g-value experienced the shorter is the stopping distance. If
we could bring a car to stop in 1 Z feet from an initial speed of



60 mph, the car and its occupants would sense about 10 g. If it
were stopped in eight feet, 15 g and in three feet, 40 g. We are
particularly interested in the high g controlled crash in develop-
ing energy management techniques.

This is a picture of the Daisy Accelerator at Holloman Air
Force Base where some early tests were run to determine what
conditions develop in high-speed crashes and to get some early
indication of what the human body might be able to sustain in the
way of g_forces.

The film shows a chimpanzee on the sled at 90 mph, stopping
in a distance of 3. 3 feet by means of a high-energy water brake at
the end of the track. This is a live test of the chimpanzee at 90
mph with a measured deceleration of 147 g. He was examined
thoroughly after this crash and no apparent injury was sustained.
I might add, however, it was rather difficult to get him on the sled
for a second test. Keep in mind then that distance is required to
control the crash forces and the higher the g, the shorter the
stopping distance.

Now consider the head-on collision and see what can be done
to control crash forces. There is really adequate distance available
in the vehicle as this vehicle side view shows. The distance avail-
able inside the car is the distance from the driver or the occupant
to the nearest front obstruction. In the case of the driver and the
front-seat passenger, the obstruction is the windshield, the steering
column,and the dash -- usually two to three feet. For the back-
seat passengers, the obstruction is the back of the front seat. In
front of the vehicle there is distance available from the front tip
of the bumper back to the first heavy frame member or the engine--
usually two to three feet. We might pick up some extra distance
if we could get the engine to deflect in a controlled manner -- say
away from the passenger compartment. We effectively have six
feet to work with to develop a crash-energy management system.

What can we do to make effective use of the two distances?
Inside, of course, a restraint system may be used. You are
familiar, of course, with the lap belt and shoulder harness avail-
able in most cars. The belt system is an active system, that is
it requires an action by the occupant to be effective. It has the
obvious drawback, therefore, that if the occupant does not take
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the action, he is not restrained. A 'passive'' system requires no
action by the occupant. Therefore, we are interested in developing
a passive system which would lead ultimately to all occupants being
restrained in frontal crashes.

The human subject, restrained by only a lap belt, will tolerate
crash forces up to about 10 g. That is what we might call the "ouch'
level of the driver or occupant with a lap belt restraint. What this
means is if you put a live subject on a sled, hell tolerate a test
involving forces up to about 10 g on his body. Of course he can go a
little higher than that and sustain some injury, but he will actually
tolerate 10 g. If you add the shoulder harness in combination with
the lap belt, then the live subject will tolerate about 15 g. The
reason, of course, for the addition is that the forces are being
spread over an additional area of the body provided by the shoulder
harness. With the air bag we estimate a voluntary tolerance level
of up to 40 g. The crash forces involved would be spread over an
area including the complete upper torso and the head. This slide
shows the air bag already inflated in a laboratory installation. It
would look like this very shortly after the frontal crash occurred.
The air bag is inflated by nitrogen or other inert gas stored at
high pressure. It inflates fully in about 40 millisecondsc.
Immediately upon inflation it begins to deflate due to the body's
movement forward into the bag. The deflation is controlled very
carefully by gas expelling through a number of orifices and allows
the occupant to ride down" the crash. The next four slides show
the air bag in action. This one shows the bag before the crash has
started. Notice, for a frame of reference, that the head of the
driver is just about even with what we call the B -pillar or center
pillar of the car. The flash of light at the top indicates that the
crash has begun. Notice the bag has started to inflate. The
passenger is still in his original position, still centered at the
B-pillar. Next the bag is just about fully inflated. Notice the
dummy has moved forward. He is actually belted in by a lap belt
for this test. Note that the lap belt stretches and the dummy moves
forward into the bag. In the final sequence the bag has done its job,
the gas is expelled and the dummy has ridden down the crash.
That is the concept of the air bag. The air bag is initiated by a
sensor mounted longitudinally along the car frame. It is in essence
a mass and spring of proper size which when acted upon by suffi-
cient force and time makes an electrical circuit that causes the
high-pressure gas to be released.
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This slide is an artist's conception of what the air bag instal-
lation might look like in the front compartment of the car. There
is a bag installed in the horn ring and a larger one installed in the
front dash.

The next film shows the air bag in action. Note the instal-
lation in the steering wheel and in the right front section. You
can see the occupant sitting in the car with a friend and there is
the air bag. You cannot blink your eyes as fast as the bag comes
out. Next we see a front-end crash into a barrier in slow motion
speed with three front-seat occupants. The light indicates that
the crash has begun. Notice the occupants had no chance to move
forward before the air bag was out.

The next sequence shows, in slow motion, an angle impact to
indicate that the bag does have an effectiveness even in angle
crashes.

Let me show you why we have an interest in experimenting with
passive restraints. This slide shows the percentage of the people
who now wear their restraint devices while driving or riding in a
car. Today about 80% of the people are unrestrained in a crash.
If we could develop a system that would be passive and acceptable
to the public, we could increase this to 100 percent for frontal
crashes. The air bag has the advantage that it is passive and that
it spreads the crash forces over a large area of the body.

Consider now that part of the car outside the passenger com-
partment. In this film we see a front-end crash of an unmodified
standard car. Notice how far the engine is pushed back and intrudes
into the passenger compartment. There is buckling of the frame
members, the transmission is torn away, and there is a very severe
deformation of the passenger compartment. Inside the passenger
compartment, the front seat has moved forward under the steering
wheel. There is a rather severe penetration of the floor board
into the passenger compartment and the steering column has been
shoved aside. What can we do to improve this situation by struc-
tural modification outside the passenger compartment? This is a
slide of some work underway at Cornell University. The yellow
frame numbers to the left of the slide are a series of box beams
welded together in such a way that the hinge points of each of the
members--hinges which are known to the stress engineers as
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plastic hinges- -deform in a controlled manner when impacted by
force.

The next film shows this design in operation and you will see
how it absorbs some of the energy in a front-end crash. This test
is at 40 miles per hour -- observe the engine. It does not pene-
trate the passenger compartment. The frame was pushed back to
the engine, but did not cause a severe backward thrust of the engine
into the passenger compartment. In the passenger compartment,
after the completion of the test, the seats are relatively intact and
there is still leg space available as there was before the crash.
The passenger compartment is virtually intact. That was a 40 miles
per hour crash into a pole.

The next film shows the air bag in combination with front-end
modification for an angle crash. The light indicates the crash has
begun. The dummy rides into the bag.

The Bureau considers the air bag to be truly a significant
breakthrough in research. This does not mean that you are going
to find it in next year's cars, The energy-managing structure, the
box beam plastic hinge design is even less developed. In this appli-
cation, it added substantial weight to the front of the car. Before it
could be incorporated into production cars, it would have to be
engineered into the total design. We consider, however, that these
are promising devices for the future.

Now consider the rear-end collision. The same kinds of
principles hold. The distance inside the compartment, of course,
is just about zero. The occupants are sitting on the seat. The
distance between the seat back and the occupant is zero. However,
he is sitting in a relatively good restraint system for the rear-end
collision given that he has adequate head restraint and given that
the seat anchorage is of proper design so that the seat stays in
position.

Outside the passenger compartment in the rear there are
three or four feet in almost every car on the road, so again there
is adequate distance to work with.

This slide shows a curve at 40 g acceleration giving the dis-
tance required to stop a car for given velocities. Notice that at
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three feet distance the forces involved in a 60 mile per hour crash
can be absorbed. Hence, there is adequate distance available in
the rear of the car. We have not studied structural modification
in reference to the rear-end collision because we are hoping to
draw on what we learn in the front-end crash.

This is a slide of the side collision. Here is a car that has
been impacted by the front end of another car. Forces have been
rather well distributed across the area of the side of the car, but
you can see the severe intrusion. The vast majority of side im-
pacts are at 20 miles per hour or below. Here is another example
of side impact where the car has spun into a pole. Again the pene-
tration is severe. These are unmodified, production cars. The
next film shows the dynamics of a 20 mile per hour crash in the
side of an unmodified car.

For the side collision, the distance inside the compartment
again is rather small. It is just the distance from the passenger's
hip to the interior panelling of the door with whatever padding may
be available. We do not consider it to be usually more than two or
three inches. The distance outside the compartment is the thickness
of the door itself. Most doors are five or six inches thick so we
have a total of six to nine inches to work with in trying to control
the crash forces of a side impact.

This curve again shows the constant 40 g curve indicating
that for 20 mile per hour crashes, we may be able to do something
with six to nine inches of distance at this speed. Therefore, we
can effect improvements in the side impact crashes even though
the potential is not as good as for front-end modifications. Remem-
ber again that two-thirds of the serious injuries and fatalities take
place in front-end crashes.

We can do something, though, in the side impact at 20 to 30
miles per hour speed range. One of the things that can be done
and is being done in some of the cars on the road right now is the
installation of a series of hat sections or door guard rails to add
structural strength in the door itself.

The next slide shows something more involved and is some-
thing that is not available today. This is a modification being
tested at Cornell University. The idea is twofold; one is to



strengthen the doors and side by means of the door beams, and
the other is to add a structural member laterally across the car
in some manner, possibly through the roof line, possibly through
the frame, that would transfer impact energy across the car to
be absorbed by the other side of the car. Notice in the bottom pic-
ture that a pole impact on the right side deforms the left side.
The theory of this kind of modification then, is that the opposite
side of the car will actually be deflected and absorb a portion of the
impact energy.

The next film shows this device in action. This is a ZO mile
per hour crash into the pole, same kind of car as previously shown,
but now with side structure modifications. Penetration is about
one-half of that in the unmodified case.

The roll-over crash is not a part of our crashworthiness
research program now, nor is it considered to be a really signifi-
cant problem as far as managing the energy involved in the crash.
It is, of course, a severe crash mode if the occupant is not re-
strained. Structural modification entails added strength in the A-,
B-, and C-pillars (the front, center, and rear pillars) that support
the roof and possibly a better roll cage. This is indicated by this
sketch.

In summary, I would say that we are coming along fairly well
with the front-end modification. The air bag is getting nearer and
nearer to fruition. The front-end energy-managing structural
devices are obviously several years away -- mainly because of the
need for integration into the total car design. The theory has been
demonstrated that the plastic hinge and several other concepts
actually will work. We are very hopeful that these concepts will
begin to be applied by the auto industry. The rear-end crash will
be studied as the knowledge of front-end crash dynamics matures.
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PANEL DISCUSSION

ACTION IN MOTOR VEHICLE SAFETY

Presiding: 0. W. Bellamy



Remarks by C. W. Bellamy, Moderator

We have three elements in traffic crashes: the roadway, the
automobile or the vehicle, and the driver. You just heard what
the National Highway Safety Bureau is doing as far as the driver
is concerned and our next speaker is from the California High-
way Department, Mr. John Beaton, and he will discuss energy
absorption devices.

In Oregon the leading cause of death up to the age of 44 is
traffic crashes and you see I do not call them accidents. They
really aren't. Your chances of dying in a traffic crash during your
average lifetime in America (a little less than 70 years) are less
than 1 in 60. Every year your chances are less than in 3, 700
that you will die in a traffic crash. Your chances are 1 in 50
every year that you will be injured in a traffic crash and your
chances are 1 in 10 every year that you will be in a traffic crash.
Now these are pretty high statistics when you are talking about
your life. Basically, we have a few people that are involved in
most of the crashes.

We estimate that about 4% of the drivers cause 50% of the
fatalities every year. In other words, we could cut the fatality
rate and perhaps the traffic crash rate in half by just controlling
4% of the drivers. I will describe a two-year traffic record for
a Z0-year old citizen of Oregon. Each two typewritten lines is a
traffic conviction. These are some of the interesting points about
this -- he has some very serious violations -- a wreckless driving
charge -- suspension of his driver's license -- conviction for
driving with a suspended license.

Two-thirds of the citations on this list were received when he
did not have a driver's license. This particular one is not the
longest one we have. We have a truck driver in Oregon with a valid
driver's license whohas had 104 citations. At the end of 1969, he
purchased a 1969 Dodge Charger with a 440 magnum, V8, four on
the floor, etc. In six weeks he had five tickets for driving with a
suspended license and one for eluding police and speeding.

There are two laws in the state of Oregon that supposedly apply
when you drive while suspended. One says that you serve a mini-
mum of two days to one year in jail. The other one says that your
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car will be impounded for 30 days to 120 days and you must pay
the expenses whether you pick it up or not.

The Oregon Traffic Safety Commission is very concerned
about the fact that the courts in the state of Oregon generally do
not enforce either one of these laws, even though it is clearly the
courts duty to enforce laws and their oniy discretion is between the
minimum and the maximum penalty. But we really don't do any-
thing about it. I mentioned before that 4% of the drivers cause 50%
of the fatalities.

Here are two clippings about the same 20-year-old individual
relating to other instances of breaking the law. I've never checked
his police record, but the point is these people are unstable, erratic,
they can't interact with other people; they have no respect for the
law or the rights of others.

We have another alternative to stiff law enforcement, and that
alternative is preventative treatment. Recently, the Oregon Traffic
Safety Commission, which gets the basic amount of its money from
the National Highway Safety Bureau, voted to fund a project costing
$365, 000 for our consultant psychologists to develop a predictive
scale, so that when a person shows positive on this predictive scale
we figure that it is almost certain that he will be involved in an
alcohol-related traffic crash within five years. As a preventive
treatment, when a person does show positive on this scale, he
receives psychological treatment. This of course, is the judges'
reason for not enforcing the existing laws. They say alcoholism is
a sickness and, therefore, we should not use punishment as a treat-
ment. We hope to show that preventative treatment will work and,
if so, we will expand it to the rest of Oregon. If this program does
not work, if the people still drive under the influence of alcohol
after taking preventative treatment, then we will have an answer to
the judges and we will be able to show that there is no reasonable
alternative to very though law enforcement.
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ENERGY ABSORPTION BARRIERS

by

John L. Beaton



Energy Absorption Barriers

By

John L. Beaton

Resume:

The experimental development program of energy absorption
barriers of the California Division of Highways was presented by
a series of documentary and data films covering eleven full-scale
crash tests of energy absorbing barriers. Eight of these covered
development work performed on the water-filled plastic tube type
and three configurations using 55-gallon drums. The water-filled
tube barrier was developed by John Rich Enterprises and is being
marketed by Energy Absorption systems, Inc. of Chicago. The
developer of the drum concept was the Texas Transportation Insti-
tute of Texas A & M University, The crash tests indicated that
both of these designs were practical.

The tests shown in the moving pictures used remotely-
controlled test automobiles weighing approximately4, 700 pounds
and traveling between 55 and 65 mph at impact. The tests were
conducted head-on into the barriers and also at approximately
10_degree angles with the barrier center line. Points of impact
for the angle tests were on the barrier nose, and also on the
sides of the barriers. The sides of the barriers are protected
by overlapping panels called 'fish scales. ' The lateral and
vertical movement of both types of barrier are restrained by
cables inserted through the barrier system. With the exception
of the cables, all barrier components are free to move backward
with the colliding vehicle.

Instrumentation was used to take dynamic readings of
water pressure buildup, strain and acceleration of the barrier
components, load on the restraint cables, force in the seat
belts, and deceleration of both the test vehicle and its dummy
occupants. Average decelerations were measured in the vicinity
of 10 g's, which was considered acceptable for 60 mph collisions.
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The overall length of both attenuation devices was approximately
20 feet.

Experimental installations of these devices have been
placed in several locations throughout the United States, and
six will be placed, evenly divided between the two devices, on
California freeways within the next year.
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Oregon Transportation - The Challenges and Approach

by

John M. Fulton

In just six years we will celebrate our bicentennial. It will
mark the ZOOth anniversary of a pattern in government and the
growth of a nation that has no parallel.

In this context I thought it might be interesting to look back
very briefly at the role transportation has played.

By 1790,when Washington was inaugurated,our population was
just under four million people. They lived along the Atlantic sea-
board and only a few had begun to move inland. When they did
move away from the seacoast it was usually by horseback, wagon,
or pack train.

In those years the United States was in every sense a slumber-
ing giant. Its coal mines were undiscovered. Its forests were
virgin. Its potential was untapped.

As we compare the primitive transporation of those early
days, and the progress we have made since, we find that two
inventions played an impressively significant role -- so signifi-
cant a role that they contributed immeasurably to the transforma-
tion of a fledgling nation.

The first, of course, was the steam engine developed to the
point of practical use by James Watt in 1769. It was this steam
engine that became, among other things, the catalyst of the
revolution in early -day transportation.

Sailing vessels gave way to steamboats and stagecoaches
yielded to railroad trains. Then in 1869, just 100 years ago, a
venture by men of vision and courage culminated at Promontory
Point in Utah with the driving of the Golden Spike. For the first
time passengers and freight moved by rail from coast to coast.
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Just as the steam engine gave us our steamboats and railroad
trains, the ingenuity of a long-forgotten Frenchman, Etienne
Lenoir, gave us in 1860 the internal combustion engine.

By the early 1890's men like Winton, Olds and Ford and
Duryea began producing vehicles with gasoline-powered engines.
The real breakthrough came in 1908 when Henry Ford introduced
the Model T. This concept of an inexpensive, mass_produced
automobile launched the automobile age -- and it is still with us.

It is interesting, parenthetically, that in 1908,when the Model T
was introduced, Oregon had just 695 registered automobiles.

At about the same time the newly-invented gasoline engine
was used by a couple of bicycle mechanics, Orville and Wilbur
Wright, to power their first airplane. The engine weighed 139
pounds and the plane flew 12.0 feet. Two years later in 1905 the
Wright Brothers had built a new plane which flew for eight miles.
Aviation as we know it today was launched.

Today the Model T is an anachronism. Our automobiles
combine power and comfort. Aviation has been similarly trans-
formed. Progress has become commonplace. We have passed
from the early work-horse planes such as the DC -3's to jets, and
soon there will be supersonic jets.

Anyone making an objective assessment of transportation will
recognize that the most significant single development has been
the motor vehicle. It broke our early-day orientation to railroads
and to rivers. It provided the vital impetus for a highway and road
network -- a network that is now expected to serve as a transpor
tation link for almost every conceivable use of land. Taken
together the motor vehicle and the highway have given us economic
vitality, unlimited mobility, and new horizons for living.

As we review the progress of transportation during the past
2.00 years, it is clearly evident that it effectively combined a
period of fantastic technical accomplishment with a catalytic impact
on growth and industrial development. Transportation has trans-
formed both the character and the pattern of living. The prosperity
we have today - - the comforts we enjoy - - are the result.
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At the same time these changes have not been an unmixed
blessing. While transportation has solved many problems, it has
created and compounded others. We have been guilty of develop
ing a transportation system without over-all goals or precise
objectives. Much of what weve done has been enormously effective,
but too often it has been on a piecemeal, solve-a-problem basis.

Thus today, as 1970 begins, the stakes are higher and we face
even more crucial problems. A good many of these go beyond
transportation in its technical sense and relate to social and eco-
nomic problems to which transportation must bring its sophistica-
tion if these are to be resolved. Now it is essential to look for new
solutions and fresh approaches. We must do this with specific
objectives in mind.

Six elements identify the challenges with which I feel these
specific objectives must cope. They are:

1. Our national population, and that of Oregon,
proportionately, increases by a staggering
180, 000 every month -- 180, 000 citizens who
will not be satisfied with less than the standard
of living we now regard as an acceptable mean.
This involves all of the pleasures and comforts
of our mobile age.

a. Our metropolitan areas double in population every
generation. Ironically, with all of the mobility that
has been built into our day-to-day living, we still
insist on congregating into relatively small geo-
graphic regions. We are crowding 90% of our
people on 10% of our land.

3. Our housing deficit is acute. Few of our pro-
posals to cure this recognize the value and
wisdom of dispersion. Thus we face the anomaly
of being a prosperous nation with our citizens'
physical needs not fulfilled and with some trapped
into substandard living.
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4. Our air, land, and water are becoming increasingly
polluted. The combination of past economic pro-
gress and the manner in which population is distri-
buted has been at the expense of our environment
as well as our social well_being.

5. Our transportation network is becoming more con-
gested, particularly in metropolitan areas. This
is a social blight costing us millions of dollars
economically and numerous frustrations socially.

6. The demand for transportation services is out-
stripping population growth. The simple truth
is that we must double the capability of our
transportation network within the next ZO years.
In doing this we must recognize that transpor-
tation must cease to react and must begin to
anticipate. Our challenge is to provide a net-
work with entities, private or public, best
structured to meet the economic as well as the
social needs of Oregon's citizens. If we fail,
the structure of living in Oregon will deteriorate
and our economic growth potential will be strangled.

One of the reasons that these challenges are frustrating is
because they are filled with contradictions. They represent the
end product of goals that all of us share. We push for industrial
development as state and community leaders, pitching in to attract
new payrolls. We want economic independence as individuals.
We want our environment not only preserved but improved. We
want a sense of full and unlimited mobility with no restrictions on
new horizons for living.

I am optimistic that we will find solutions for we have a tra-
dition as a nation of problem-solvers. To me this emphasizes
that answers will be found to traffic congestion, to pollution,
poverty, welfare and housing, protecting at the same time sound
economic growth. Why we have not moved more aggressively is
another question. It may be that we have not tried hard enough.
It may be that we have not been willing to pay the bill -- or it may
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be that we have been so busy putting out fires that we have not
kept our ideas, our planning, and our implementation up to date.

This brings me to Oregon's new Department of Transportation.
The legislation for this was enacted by the legislative assembly
last year. The Department became operational on July 1, 1969.

Within the structure of the new Department of Transportation
we have three able and experienced agencies which were formerly
Departments but are now Divisions. I am referring to Highway,
Aeronautics, and Motor Vehicles. In addition, the legislature
charged us to establish two new Divisions, Ports and Mass Transit.
Within the transportation area is one established unit of state
government, the Port of Portland, and one new unit, the Portland
Metropolitan Mass Transit Commission, commonly known as Tn-
Met. The Department also has a continuing relationship with the
Public Utility Commissioner. This relates to the service perform-
ance of carriers as opposed to the regulatory responsibilities which
the Public Utility Commissioner discharges.

I think all of you are familiar with the functions and the respon-
sibilities of the established Divisions, notably Highway, Aeronautics,
and Motor Vehicles. Let me comment briefly on some of the others.

The Ports Division was designated by the legislature as the
agency for state-wide coordination, planning, and research to insure
the most orderly and efficient development of the state ports system.
It is administered by a three-man Commission.

Through the Ports Commission we intend to develop balanced
approaches to broad, economically-related geographic areas. As
one example, the Ports Division is undertaking a comprehensive
study of the Lower Columbia. This will involve not only the Ports
of St. Helens and Astoria, but the Port of Portland and the Com-
mission of Public Docks.

The Mass Transit Division, again administered by three com-
missioners, is charged with the coordination, planning, and research
necessary for the orderly and efficient development of mass transit
systems. Currently they are engaged in an analysis of public
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transportation in urban areas throughout the state. They are, in
addition, providing strong support to Tn-Met in Multnomah,
Washington,and Clackamas Counties.

The Mass Transit Commission recognizes that the movement
of individuals, whether this is inter_city or within an urban area,
is more than an economic problem. It now has compelling social
overtones. Those who are mobile, whether they are the young or
the elderly, together with those who are unemployed or under-
employed, must be served.

The Port of Portland, as I think most of you know, is an able,
long_established agency of state government. It is administered
by nine Commissioners. They have broad responsibilities in
Multnomah County for commercial and general aviation, industrial
development,and maritime functions. The latter comprises a dry
dock and a ship repair yard. Additionally, they have a general
aviation facility in Washington County, the Hilisboro Airport.

The Port of Portland has a unique state-wide impact. This is
due in part to the Portland International Airport which is Oregon!s
air traffic hub. Beyond that the economic impact of Rivergate will
progressively have more and more of a ripple effect throughout the
state. Similarly, channel surveillance in the Columbia, which the
Port of Portland coordinates, has an impact on Oregon Communities
from Astoria to Umatilla.

Tn-Met came into being on October 14, 1969, under the aegis
of House Bill 1808. The seven appointed directors have statutory
responsibility for the development and operation of a mass transit
system in Clackamas, Washington,and Multnomah counties. The
birth of Tn-Met was stormy, but the prognosis for the infant is
good.

It is interesting that of the Divisions within the field of trans-
portation, six have independent and autonomous commissions. Of
the six, four have extensive operational responsibilities; Highway,
Aeronautics, The Port of Portland, and Tn-Met. Operational
responsibility in each instance includes divisional planning and
research.
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The Ports and Mass Transit Commissions are similarly auto-
nomous. While these Divisions have no operational responsibilities,
both have significantly important planning and research assignments.
Their ability to discharge this role is limited as the professional
support to the two Commissions consists of a single administrator
for each Division.

Those are the elements of transportation with which the Depart-
ment of Transportation is involved. Now I would like to touch on our
departmental responsibilities.

To meet the long-range challenges that we face in the field of
transportation, the legislature charged the Director of Transpor-
tation to develop and report on legislative, budgetary, and admini-
strative programs to accomplish comprehensive, long-range, coor-
dinated planning and policy formulation.

To place this legislative charge in perspective let me comment
on what might be termed absolutes if Oregon is to have coordinated,
state-wide transportation planning. Then I will outline a tactical
approach embodying the essential factors.

Coordinated, state-wide transportation planning is unique
because of the scope and number of the decisions that have to be
made and the number of policy-makers that are involved in the
process. The coordination of transportation is more than a local
or a state responsibility. Private enterprise is a vital element.
It is not restricted to one mode. It is not isolated from land use.

The major point is that to effectively develop a balanced,
workable, state-wide transportation plan, a myriad of interrelated
policy decisions emanating from all levels of the state's political
and economic structure must be coordinated. It is imperative that
the coordination of the decision_making process not be restricted to
transportation policy in a narrow sense. It must include residen-
tial, educational, economic, employment, recreational, esthetic,
and other social values.

Currently Oregon's approach to transportation policy deter-
minations, planning, and implementation is fragmented. Involved



in these processes are five Divisions of the Department of Trans-
portation, and the two municipal corporations that I mentioned
earlier, the Port of Portland and Tn-Met. In addition there are
some 230 cities, 36 counties, 22 port districts, and 5 regional
councils of government. Until now there has been no structure for
state and local transportation planning to be integrated into a broad,
comprehensive package.

An additional factor in this planning equation are the numerous
ties that state and local agencies have with federal agencies dealing
with transportation matters. These include the Civil Aeronautics
Board, the Federal Aviation and Rail Administrations, the Corps
of Engineers, the Bureau of Public Roads, the Urban Mass Transit
Administration, the Maritime Administration, the Interstate Com-
merce Commission, the Federal Maritime Commission, the Depart-
ment of Housing and Urban Development, the Bureau of Land Man-
agement, and the Forestry Department. All of these agencies affect
our transportation planning and some have operational responsibil-
ities within our State.

To effectively develop a workable program for comprehensive,
state-wide transportation planning, all of those involved in the
decision_making process must be included. The decision-makers
must be seeking to achieve the same goals and objectives. They
must share the same awareness of Oregon's needs. They must use
the same assumptions for their decisions and they must have access
to the same technical information in making their decisions.

This will require a phased program designed ultimately to
incorporate basic, comprehensive, continuing planning. The only
unique aspect of the approach I have in mind is scope and complex-
ity. Yet, the planning parameter must be broad to be meaningful.
At the risk of over-simplification, our program must include the
following processes.

1. At the outset we must cooperatively develop
carefully defined, precise transportation
objectives -- objectives that will be acceptable
throughout the State's social structure. This
is the critically important point of beginning.
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These objectives must be interdisciplinary. They
must relate to users as well as providers, to
approved land-use decisions, and to economic,
environmental and social objectives. Appropriate
governmental mechanisms such as Councils of
Government will be a source of significant input.
The answer we seek sounds deceptively simple --
what are Oregon's transportation needs? What is
it that we want? As of now we don't know.

The development of harmonious objectives within
this framework will require major policy decisions.
These must be made deliberately and with meticulous
care. Once made, they must be constantly reviewed,
for the pattern of Oregon life is not static.

Z. In contrast to the broad policy decision-making
involved in pin-pointing objectives, the second
process is more factual and analytical. We need
a detailed analysis of what transportation facilities
we have to serve our needs. This will entail
evaluating current capabilities, public as well as
private, and projecting need forecasts. Standard-
ized methodologies will have to be developed.
With this data in hand we will be able to relate
existing facilities to agreed_upon objectives.

3. The third process will have many of the complexities
of the first one. Given agreed_upon objectives and
given a transportation capability analysis, the
issue becomes one of what options do we have?
What alternatives are available? Which options
will most effectively meet our transportation
objectives as well as implicit social, economic,
and environmental goals? The challenge will be
to create and continually perfect a mechanism that
will insure agreement as these alternatives are
evaluated.
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4. The fourth process will require judgment factors as
well as responsible and coordinated decision_making.
Implementation will be more than initiating an
approved program or project. Inherent will be
the question of which programs must be coordin-
ated and the timing of related programs. Priorities
will have to be established. Once a program is
inaugurated it must be monitored. We want to be
sure that action meets demand.

It is far too early to even propose answers. To do this would
destroy the concept of acceptable solutions reached by coordinated
cooperation. This must be the approach. And planning for com-
prehensive transportation cannot be casual. It will be hard, ser-
ious, and long. There will be social and political constraints.
But if we make the commitment and stay with it - - and make
sure that all levels of authority are involved -- then we will achieve
solutions that are acceptable and of optimum effectiveness.

I hope all of this, or a program akin to it, can be initiated
within the existing Department structure we have today. I strongly
support the concept of the able, volunteer Commissions that
function so effectively. Their authority and responsibility should
not be diluted. What must be provided is a reservoir of fresh
information upon which their decisions can be based.

Currently -- and to establish this conceptual approach -- we
are utilizing inter-divisional planning whenever possible. This is
being constructively coupled with an inter-divisional awareness
of problems that can be most effectively solved through coordination.

When I assess what we have been able to do in the past seven
months and weigh this against the magnitude of the total problem,
I have to confess that we have taken only a small, first step. But
even that small step will help. It is a cornerstone on which to
build.

As we look ahead -- perhaps as far as our next bicentennial --
I know that we must be prepared to cope with change and to contend
with challenge, for transportation will be increasingly called upon
to fulfill demanding economic and social expectations, yet be
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structured to the legitimate public interest in conservation, in
clean air and water,and in community values.

I am confident that all of you from Washington and Idaho as
well as from Oregon share my conviction that transportation will
make a positive contribution.
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AASHO LOCAL ROADS AND STREETS STANDARDS

by

Melvin B. Larsen
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AASHO Local Roads and Streets Standards

by

Melvin B. Larsen

Although my subject is the American Association of State
Highway Officials' Local Roads and Streets Standards, I believe
very sincerely that my purpose here today is communication.
My hope is that I can talk with you face to face and bring you up-
to-date concerning where we are in regard to standards for Local
Roads and Streets.

I feel very strongly that the main problem in our secondary
road program today is communication. The secondary road
program is unique in the fact that there is a great amount of
liaison, communications,and relations that must go on to make
the program work. I am speaking of communication between the
local agencies, the State Highway Departments, and the Bureau
of Public Roads.

To lay the groundwork for the subject, I would like to preface
my remarks with some recent information which you perhaps have
seen and read. Mr. Howard Pyle,who is President of the National
Safety Council, in a mes sage in the .1 anuary "Better Roads Mag -
azine' on the subject 'Our Urban-Rural System, ' stated ''our
urban and rural highways, due to heavier and heavier use, vil1
require attention we have mandated for our interstate and defense
highways. He goes on to say as a consequence, a major portion
of the nation's total highway system, rural roads, still has more
than double the mileage death rate of other highways. By doing
more to close the gap between our substandard roads and our
superhighways, thousands of men, women,and children can be
saved from accidental death and injury. H You note that the secon-
dary systems should have emphasis put on them,according to
Mr. Pyle.

To add to this emphasis, I would like to quote from a state-
ment that Agriculture Secretary Clifford M. 1-lardin made recently.
He was talking about new national policies that would promote
'unprecedented growth" in rural areas. He stated that we should

make it a matter of urgent national policy to "create in and
around the smaller cities and towns, sufficiently good employment
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opportunities and living environment that larger and larger num-
bers of families will choose to rear their children there. " This
cannot be done without good roads, and most of the roads in and
around our urban areas are local roads and streets which are
the responsibility of many of you here today.

Now we all know if we are going to have to put that kind of
emphasis on these roads, keeping in mind the great pressure for
safety on our highways and the great pressure for more and
better services on these highways, there either has to be more
funds or the funds that we have need to be used in a more econom-
ical manner. In this regard, there is a report that is significant
to the very subject which we are discussing.

The National Cooperative Highway Research Program has a
project under study and research at Stanford University, by
Professors Oglesby and Altenhofen. The title of their report is
'Economics of Design Standards for Low Volume Rural Roads
Their definition of low volume is 400 vehicles or less per day.
The authors point out that nearly two million miles, or almost two-
thirds of all the roads in the United States, fall into this 400 vpd
and less category. The report examines current standards for
roadbed width, for roads with comparable volumes, and shows
the wide diversity among them. It goes on to explore the ration-
ale underlying these standards and finds they have almost no
scientific engineering or economic basis for these standards.
Also, standards such as those of AASHO that are imposed from
"the top down" by higher levels of government are usually among
the most exacting. This report presents a set of derived costs
and benefits to highway agencies and highway users through a
range of roadbed widths and demonstrates that from an economic
standpoint, there is little or no justification for wide roadbeds
and none for shoulders. In the report it is found that (1) wider
roadbeds do not improve the accident experience of low-volume
rural roads and (2), that even if such improvements eliminated
all, accidents of given classes, the savings would be trivial in
amount.

Now gentlemen, these are some very profound statements.
I am not sure that I am ready to go along with all of them at this
time, but I believe it points up the fact that we do need to start
thinking about what we are using for standards on low_traveled
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local roads. Perhaps I am overstating the case when I quote some
of the findings of this report. I do this to gain your attention.

Now, how did the Subcommittee of AASHO Secondary Roads
Committee come about. During 1968 the Division Engineers of
the Bureau of Public Roads made requests of each state for stand-
ards that were used for Federal Aid Secondary (FAS) projects and
local roads projects regardless of what funds were used to finance
the work. These standards were then submitted to Mr. Loutzen-
heiser of the Bureau of Public Roads in Washington,who is Secretary
to the Planning and Design Policy Committee of AASHO. He and
his staff reviewed all of these standards from the 50 states and
wrote an initial draft of a set of standards for local roads and
streets. Naturally, after reviewing all of these standards that were
being used by the states, one would assume that the initial draft of
standards for local roads and streets would reflect what was being
done. Such things as 70 mph design speeds, 6:1 side slopes,and
other criteria were quite prevalent. They are just not used on
local roads and streets.

In addition, this draft standard had been sent out to the AASHO
Planning and Design Policy Committee. No counties had had an
opportunity to review it, nor had secondary road committee mem-
bers. Here was a set of standards that would directly affect the
various state secondary offices, the counties and the cities; it
would affect the use of their funds; it would affect the designs they
were to draw up in the years to come. In fact, it would affect
their whole highway and street program. At the meeting in Minn-
eapolis, Mr. Coupal, Chairman of the AASHO Secondary Roads
Committee,had scheduled Mr. Gene Johnson, then Chairman of the
Planning and Design Policy Committee, and immediate past presi
dent of AASHO, to speak to the Secondary Roads Committee Session.
After some discussion about this subject and the general subject of
safety and standards (several members of the Planning and Design
Policy Committee were in attendance),it was suggested that a sub-
committee of the AASHO Secondary Road Committee be set up.
Mr. Coupal wisely and quickly did just that. The subcommittee
represents states from one end of the country to the other. William
Bulley from Washington, Paul Gilgen from Utah, Gordon Fay from
Minnesota, James Stober from Iowa, Floyd Avery from New Hamp-
shire, B. A. LeFeve from New York, Gordon Blundon from Virginia,
B. C. Goode from Alabama,with the Secretary of the Committee,
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Frank Moore of Mississippi and I, as Chairman. Chairman
Coupal outlined the functions of the committee as follows:

To receive from the Design Policy Committee a draft
of the proposed Design Policies for Secondary Roads.

Z. To disseminate these drafts to all secondary roads
engineers.

3. To receive from all secondary roads engineers, their
comments thereon.

4. Prepare a consolidated report to the Design Policy
Committee incorporating these comments.

The Committee set about doing its task in reviewing the draft
of the standards. At the first meeting, there were several ques-
tions or problems facing them:

1. Should the Committee start from scratch; should it scrap
the whole draft; or should it use the original and merely
try to amend it? With grateful help from Mr. Clifford
Greene, the Bureau of Public Roads Secondary Engineer,
we started with the draft but did not hesitate to make
major changes in the original draft.

Z. Should the standards apply to all roads? It was felt that
since there was a great difference in jurisdiction in var-
ious states of the Federal Aid Secondary and local roads
that we could not split it on jurisdiction nor on system.
Since we had the opportunity, we felt that we would draft
s set of standards that would he worthwhile for all roads
and all local officials.

3. Where should functional classification fit in? As you will
note, there is a statement in the opening paragraph. The
Committee was very strong on the fact that the standards
should be by functional classification. However, you will
also note that we only have one set of standards and they
are not by functional classification. It is hopeful that we
can work on that in the future.
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4. Should the manual be a standard or a guide? The
Committee felt very strongly that it should be a standard
but should be used as a guide. Finally, it was made a
guide by the Planning and Design Committee.

5. Due to the great difference in topography, economics,
environment, standards, and social aspects from one end
of the country to the other, could we come up with one
set of standards or should we consider the possibility of
a level of service or possibly several levels of standards?
To begin with we felt we needed something now, so we
tried for one set of standards. Hopefully we can address
ourselves to this problem in the future.

Our draft was submitted to the Planning and Design Policy
Committee of AASHO in June. There were a few significant dif-
ferences between the suggestions of our Committee and the National
Association of County Engineers. It was, therefore, suggested that
the two committees get together to resolve these problems. This
was done in August of 1969.

We found immediately there was no difference in philosophy
between the two committees. The major differences were by
sections of the country.

A number of major changes were made in the draft by our
Committee.

There is no definite width for right-of-way. We found a
great variance throughout the country - - stone fences which are
49-lIZ feet apart in New York; 30-foot-wide highways in Virginia;
very wide rights_of-way in the West and Middle West. It is only
a narrative in the draft now.

Slopes gave us some real problems. Instead of a table of
slopes we have a narrative pointing out that the local people know
best what kind of slopes are needed due to soils, economics, local
use, and social and environmental conditions.

The subject of clear roadway width was a new one. It is
dealt with, we believe, in a practical manner. We must consider
this aspect even on local roads, but it must not be 'way out."



Finally, a draft was given to the Planning and Design Policy
Committee. They reviewed it at the annual AASHO meeting in
Philadelphia and approved it with these changes:

They made the manual a guide instead of a standard;
this has a different meaning in AASHO definitions.

. On new bridges a road using 50 mph design speed
requires a wider width.

3. They changed the width of bridges to renlain; it is now
exactly the same as that which was balloted for the
primary roads.

I am not sure why they used the same standards for primary roads
as they do for local roads, since this is the whole purpose of our
study.

The portion having to do with streets was delayed until we
received information from the American Public Works As socia-
tion. I urge city engineers as well as states to give us your
comments and suggestions on what should be in the standards for
local streets.

The guides have also been approved by the Executive Coin-
mittee of AASHO and are now being printed. They will soon be
out for distribution. Since they are guides they do not have to
have a ballot of the states; a set of standards would have had to
have approval of two-thirds of the states by ballot. Here then, is
a set of the standards as approved by Our Committee with the
changes made by the Planning and Design Policy Committee of
AASHO. The tables show a portion of the standards as approved.



Table 1

Minimum Design Speeds

Minimum Design Speeds in MPH for Design Volumes of

Type Current Current Current Current
of ADT ADT ADT ADT DHV DHV

Terrain Under 50-250 250-400 400-750 200-400 400 and
50 DHV Over

100-200

Level 40 40 50 50 50 50
Rolling 30 30 40 40 40 40
Moun -
tainous 20 20 20 30 30 30

Note: Current ADT is the annual average daily traffic expected
after completion. DHV is the design hourly volume for the future
design year, normally the 30th highest hourly volume about 20
years after completion.

Table 2

Maximum Grades

Type of Terrain Design Speed MPH

20 30 40 50 60

Flat 7 7 7 6 5

Rolling 10 9 8 7 6

Mountainous 12 10 10 9

Note: For highways with ADTTs below 250, grades of
relatively short lengths may be increased to 150
percent of the value shown.
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Table 3

i\Sinimum Width of 5urfacjn and Graded S1ou1der

Width in Feet for Design Volume of:
Design
Speed,
MPH

Current
ADT

Less

Current
ADT

50-250

Current
ADT

250-400

Current
ADT

400-750
DHV

200-40U
DHV

400 and
Than DHV Over

50 100-200

Width of_Surfaci

20 20 20 20 20 22 24
30 20 20 20 20 22 24
40 20 20 20 22 22 24
30 20 20 20 22 24 24
60 20 20 22 22 24 24

Width Graded of Shoulder

All 2 4 4 6 8 8

Note: Design volume in terms of mixed traffic. For design
speeds of 50 MPh or less, surfacing widths that are
two feet narrower may be used on minor roads with
few trucks.



Table 4

Clear Roadway Widths for New (and Reconstructed) Bridges

)esign Speed
ADT

Volume
Minimum Clear Roadway

Width of Bridge

50 MPH and over 750 or greater Approach Roadway Width

50 MPH and over Under 750 Pavement Width + 6 ft

Jnder 50 MPH 400 or greater Pavement Width + 6 ft

Jnder 50 MPH Under 400 Pavement Width + 4 ft

Notes: Where the approach roadway is surfaced for the full crown
width that surfaced width should be carried across structures,
On highways with a current ADT over 750, bridges with a
total length over 100 feet may be constructed with a mini-
mum clear roadway width of the surfacing plus six feet.
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Table 5

Minimum Structural Capacities and Minimum Roadwa
Widths for 1irides to Remain in Place

Traffic Design Loading
Structural Capacity

Roadway Clear
Width Feet'

Current DI{V Desirable Desirable
AD I Mini mum Mi nirnum Mi ninium 2

Minimum

0 50 - H-iS H-b 24 20

50-250 - H-iS H-iS 26 20

250-400 H-iS H-iS 28 22

400-750 100-200 1-1-15 H-15 28 22

200-400 HS-15 H-iS 32 24

Over 400 H-20 H-15 36 30

Notes:

Clear width between curbs or rails whichever is the lesser.

For design speeds of 50 MPH or less, minimum clear
widths that are two feet narrower may be used on minor
roads with few trucks. In no case shall the minimum clear
width be less than the approach surfacing width.
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Low-Volume County Roads

by

Jay Painter

Mr. McClarty in his letter to me, confirming his telephone
call, stated that in discussing the problems a county encounters
in designing low-traffic rural roads,I should say something about
the flexibility that I feel should be in any set of standards, and
the situations that might be encountered in such design, both
physical and political.

I am sure that I cannot advance any problem that many of you,
if not all, have encountered from the physical point of view. Pm
not going to attempt to suggest any.

The situations encountered politically, I am sure, many of you
have experienced. It would appear, based on all that you hear on
the radio, see and hear on TV, and read in the papers, that regard-
less of what is done, the environment is affected and this relates to
people and dealing with people is politics.

I could dismiss the problems of rural road design with all its
facets in a few simple words,

In order to help you more fully assess my point of view, it
would be well to tell you something about my county, together with
some of my experiences.

I became county engineer of Bonneville in 1946. The previous
five and a fraction years, I had been an employee of the Idaho
Department of Highways. I was stationed in Bonneville County, Idaho
Falls being my home at that time. While with the State I had the
opportunity to work with local officials in at least a dozen counties.
Several years before working for the State my work with the Federal
Government brought me in contact with public servants of one kind
or another. During the times just mentioned I sensed the need of
local units of government for engineering service. Every time the
opportunity presented itself, I would suggest the hiring of an engineer.
When I was offered the job, I was remiss about accepting. Finally,
I succumbed and took the plunge. Within three days I was about the
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sickest individual around. I would have quit in a minute if I had
had the gall to ask for my old job back. Two members of the board
persuaded me to stay on. With their support and the support of
some good influential friends the task became bearable. There was
a steady growth of support and accomplishment. It took nine years
to bring about a system of management that was satisfactory to me,
the Board Engineer system, a system that is recognized nationally.

I am no politician, certainly no diplomat. So I leave the poli-
ticking to the politicians, and I have convinced the politicians that
I should be the engineer.

Since 1955 administrative problems have diminished. There
has been continued improvement.

Bonneville County is located in the eastern portion of the State
of Idaho. It is shaped somewhat like the state of Idaho, if Idaho was
rotated 90 degrees to the left then turned over. Its east boundary
borders Wyoming and is located about midway between Utah on the
south and Montana on the north. It encompasses an area of 1, 846
square miles. The topography is varied, the eastern portion is
mountainous. The western portion comprises the Snake River
plains and the desert. Sixty-one % of the county is owned by the
Federal Government and the State of Idaho. Thirty-nine % is
privately owned and constitutes the tax base.

Idaho Falls is the county seat and has a population of approxi
mately 38, 000. We have six other incorporated cities and several
unincorporated communities. The total population of the county
is about 50,000.

The road system under county jurisdiction consists of the fol-
lowing: 26.8 miles of primitive roads, 122. 5 miles of unimproved,
passable at certain seasons of the year, 123. 6 miles of graded and
drained, 411.8 miles with gravel surface, and 271.1 miles of bit-
minous surface, making a total of 962. 6 miles. As stated, this
mileage is under county jurisdiction. Incidentally, when I began
working for the county there were less than four miles of bitumin-
ous or paved roads in the county system.

Some portions of the county are rather isolated from the
county seat. In order to reach the Grays Lake area, a ranching and



dry farming section, one has to travel through a corner of Bing-
ham County which forms part of the southern boundary. In the
winter the Grays Lake residents have to travel through the county
seats of Caribou County, Bannock County, and Bingham County in
order to reach their own county seat. In the winter another por-
tion of the southeast part of the county can only be reached by
travelling through a portion of Lincoln County, Wyoming.

I mention these areas to point out that we have physical prob-
lems of design alignment, grade, and so forth.

Approximately Z6% of our total road mileage is on the Federal
Aid Secondary Road System. Seventy-five % of the FAS system
has been improved to at least minimum standards with a bituminous
surface.

During the time I spent with the Idaho Department of Highway
and the early years with the county, I was aware of standards but
did not think much about them.

There were standards that were used for structures. The
AAHO standards for bridge design and construction was the bible
I used constantly. With reference to the roadway, the geometrics
of the layout was something that others, my superiors, recommended.
As a county engineer I applied the practices I was used to.

Since Federal Aid funds are administered through the State,
I naturally went to the State for recommendations.

There seemed to be no problems until additional right-of-way
was required either to accommodate the section or the curvature.
This is where politics enters in.

When asked why the additional width or why the curve, I gave
the answer that the State requires it. To some these justifications
were not sufficient, so State people were contacted. The State
people would counter with, it is a Bureau requirement. The stock
answers or reasons in most cases were effective because we met
the standard or there was to be Federal sharing of the costs.

Two situations developed almost simultaneously that caused
me to think a little and brought me face to face with standards.



During the process of acquiring right-of-way we ran into
trouble. Perhaps I should go back just a little. The right-of-way
width had been agreed upon between myself and State Highway
people. A hearing was called. All interested people, particularly
those who had property abutting the road to be improved, were
invited. The design features were explained and the right-of-way
that would be needed was pointed out to them. There were some
minor objections, but we felt we could overcome those objections
and that we had clear sailing.

One of those who questioned the need of additional right-of-way
was a friend of the Chairman of the State Board of Highway Directors.
The Board member was reported to have said that he could not see
why the improvement could not be carried out on the existing right-
of-way. The justification that the 'State required it" would not hold.

The other situation referred to, in fact both, occurred about the
time the standards were being upgraded. This I was not aware of.
We had two projects scheduled for betterment. I use this term
betterment because the county had adopted the policy of stage con-
struction, a means we felt should be used to get more miles constructed
to an alUweather standard.

This practice consisted of constructing the structures, grading,
providing the base and a bituminous surface treatment. The pave-
ment or mat was to be added at some future time. The mats, road mix,
or plant mix were to be added when the surface treatment began to
fail.

Incidentally the approval of the design of the two sections I am
talking about were based on the old, I believe the 44 standard. It
was my intention to construct the mats as heretofore explained.
I was informed I could not do that. I argued the point that the pro
ject had been approved with a ZZ-foot travelway and that the former
approval should stand. No, the travelway width had to be a minimum
of Z8 feet.

The subgrade had to be widened, more right-of-way was needed.
Even the curves were outmoded. The plans were on file - - all I had
to do was submit a revised typical section.

I was further dismayed because the State had just completed a
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section of the interstate in the area where the two roads I hoped to
improve were located. Two overpasses had been provided to carry
local traffic over the interstate. These overpasses were 24 feet in
width between curbs. The curves used to connect the county roads
to the overpasses are something to behold.

I asked the question, why two sets of standards, one for the
county and one for the State? This was not the case, we both
were involved in a changing set of rules.

These two instances pointed up the fact that I was poorly pre-
pared to answer questions which needed more than the stock answer.
It is a requirement - - why the requirement?

Armed with proceedings of the meetings of the Northwest
Highway Engineers Conferences, NACE Research manuals, infor-
mation gathered at ARBA meetings which I attended, and other data,
including my library, I set to work to justify standards which at
that time seemed a little restrictive.

The results were a change. My attitude toward standards was
a complete about face. No longer did I use the term, State or
Bureau requirement. I discovered the justification for traveiway
width, flatter curves,and increased sight distance, as well as the
needed right-of-way. I was successful in converting or selling
the commissioners sound engineering principles. They, in turn,
approached the problem from a different angle and when needed,
initiated condemnation proceedings to acquire right-of-way and the
projects began to get underway.

Every time there is a change in elected officials, I am faced
with the same problem. However, it is becoming easier to justify
what is being done and what should be done, because we have
completed projects and have something to point to.

My problems are no different than they are in other counties.
Many counties in Idaho feel the standards are too high; consequently,
they do not use Federal-Aid funds, the excuse being they cannot
afford to match federal funds because the cost of improvements are
excessive. This is a fallacy in my mind. I feel sorry for the highway
user in those counties. In Idaho the federal appropriations for sec-
ondary roads are split 50-50, the State gets 50% for its secondary
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system; the remaining 50% is divided among the counties by
formula. Of the remaining 50%, 10% is divided equally, 45% is
divided on the basis of improved mileage within the county as
related to the improved mileage in all counties and highway dis-
tricts and 45% is divided on the basis of the motor vehicle regis-
tration in the county to the total vehicle registration in the State.

If a county or highway district does not use its allocations
within a reasonable period of time, the funds are put back in the
pot, so to speak, and made available to counties that are able and
willing to match the funds. We in Bonneville County, I am sure,
have had our share.

County engineers who proceed with projects, even though they
are reluctant to do so, have words of commendation for those who
are responsible for the development and completion of projects.
They take great pride in the finished product and insist the next
project shall be built to a similar standard.

All aspects of the standards - - minimum design speeds, mini-
mum sight distances, maximum grades, maximum degree of curva-
ture, normal pavement cross slopes, minimum length for super
elevation runoff, minimum width of surfacing and shoulders, clear
roadway widths for new and reconstructed bridges - - are reasonable
and should be complied with.

As I read the standards, it is apparent to me there is plenty
of flexibility. The first sentence of the third paragraph reads
as follows: These standards are to be used as guides." To con-
tinue, It is anticipated that, when it is economically feasible,
these standards will be upgraded. Likewise, in tight or unusual
conditions it may not be practical to meet even these guide standards.
Another sentence, 'It may not be possible to get the obstacle-free
roadsides that are desirable. " This indicates flexibility. Another
quote, "If not practical, it may be possible to provide combinations
of elements.

Flexibility, yes, but my experience has taught me that it can
be carried to the extreme. We sometimes look for ways to go around
the problem because of the political implications. I am convinced
every effort should be made to adhere to, if not upgrade, the standards.
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I have been told many times that certain things could not be
done, but when all the facts are presented and the alternatives
considered, agreement can be reached and projects processed to
completion.

With reference to right-of-way the standards have indicated
no specific width. All that is said is, 'The procurement of right-
of -way to such widths as will accommodate the construction, ade-
quate drainage, and proper maintenance of a highway is a most
important part of the overall design.

The burden of proof is placed squarely on the shoulders of
the local authorities. It can be readily pointed out that good roads
increase property values. Therefore, a dollar spent for right-of-way
at the time of the initial improvement will result in several being
saved, say 10 years hence.

The standards have been discussed at length with Marcy Laragan,
the Secondary Roads Engineer for the State of Idaho. He told me the
real problem is not the standards, but the lack of continuity in admin-
istrations. In those counties where there is little change in comis-
sinners, or those counties that employ full-time engineers, the
problems are minimized.

The Board of County Advisors to the Bureau has had consider-
able influence and has contributed a great deal to a realistic set
of standards that any county or local unit of government can live
with.

NACE also has had a voice in the matter. I quote from a
recent newsletter, 'On August ZZ and Z3, the NACE Secondary
Road Subcommittee on Geometric Design Standards, consisting of
Richard Boccabella, Chairman; Bernie Leider; Bob Carrier;
Bill McIntosh; and Ray D. Bass, met with the AASHO Subcommittee
to discuss the standards as they now stand. The Committee reports
that their meeting was very worthwhile and it is pleasing to know that
NACE is having a voice in the Secondary Road Standards by AASHO.

Again, they are guides and with adequate justification, variances
are permitted. My experience has proven that to me.
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FINANCING LOCAL ROADS AND STREETS

Presiding: J. E. O'Hearne
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Utah's Collector Road Program

by

Howard B. Leatham

On the 59th day of its 60-day session in 1969, Utah's House
of Representatives recalled a bill which it had defeated on the 58th
day and passed it by two votes. Passage of this bill and two compan-
ion measures brought to fruition part of a labor begun in June of
1962 by the Utah State Road Commission, the Utah Municipal League,
the Utah Association of Counties, and many other individuals and
groups. Nearly seven years had elapsed between the day that the
three levels of government in Utah had agreed to begin a comprehen-
sive statewide highway study and the day that the first laws imple-
menting part of the recommendations of the study were passed by
the Legislature.

The history of the activity leading to implementation is an
interesting story of "From Studies to Legislation

In June, l962,a number of problems confronted State and local
highway officials. Local officials felt that they were unable to meet
their highway needs with revenue available for that purpose. The
main sources of road revenue for counties were property taxes, a
share of the State motor vehicle registration fees, and forest and
mineral lease fees. The twenty-nine counties in the State shared a
total of $6. 2 million dollars from these sources in 1962. Salt Lake
County received $2. 0 million of this amount and Piute County re-
ceived $15, 000, representing the extremes. City sources of revenue
were the property tax, State motor vehicle registration fees, and minor
sources such as parking meter revenue, bonds, etc. A total of 212
municipalities shared $4. 0 million dollars in 1962 from these sources.

Cities and counties for many years had been sharing the revenue
from motor vehicle registration fees with the State Highway Depart-
ment. Prior to 1961 cities and counties had received the first
$z, 000, 000 in the registration fund and 50% of the amount above that
figure. In 1961 the Legislature increased the local governments'
share of the amount over $2, 000, 000 to 75%. The local share of
revenue from this source in 1962 was $3, 5 million and was divided
among all cities and counties by a formula with land area, mileage,
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and population as factors. Attempts by cities and counties to ob-
tain more State-collected funds had been unsuccessful in the Legis-
lature.

The $6. 2 million available to the twenty-nine counties was
used to administer a county system of 17, 914 miles of road. The
$4. 0 million available to cities was used for a system 3, 385 miles
in length. Construction expenditures by counties in 1962 were
listed as $1, 816, 000. Construction expenditures by cities for 1962
were listed as $502, 000. The balance of the funds available was
expended for maintenance, policing, equipment purchases, and other
highway-related functions. It is obvious from the ratio of construc-
tion expenditures to road mileage that a local government highway
construction program was minimal or non-existent in most jurisdic-
tions.

As a result of the situation at the local level, the State Road
Commission was confronted with an ever_growing State Highway
System. For many years, any roads needing improvement had been
added to the State System by active Legislators in the hope that
pressure could be brought upon the Road Commission to make the
needed improvements. Many miles of relatively unimportant roads
were added to the system in this manner. In most instances the roads
added to the State System carried such low priorities for improvement
when compared with other State Highways that there was little hope
that they could ever be improved.

The State Highway Department was faced with increasing main-
tenance costs resulting from roads being added to the System and
the growing number of miles of new construction on the Federal_aid
Interstate System.

Cities and Counties saw a need for greater financial assistance
at their level and the State Road Commission saw a need for a better
definition of local and State highway responsibilities.

Common need led to common action and the Utah Municipal
League, the Utah Association of Counties, and the State Road Commis-
sion authorized a comprehensive statewide transporation study includ-
ing the three phases of (1) functional classification, (2) needs, (3)
financing. The Automotive Safety Foundation was retained to conduct
the functional classification study and Wilbur Smith Associates
accomplished the needs and fiscal studies.
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The three studies were completed and the findings and recom-
mendations published by March of 1965. The State Highway Depart
ment then began an effort to familiarize State and local officials and
other interested parties with the studies' recommendations and the
benefits and consequences of implementation of the recommendations.
Considerable confusion and controversy existed. As the 1967 session
of the State Legislature approached, it became apparent to the three
groups involved that a consensus could not be obtained and legislation
prepared in the time available. In December of 1966 an ad hoc com-
mittee was appointed to consider the recommendations of the studies
and prepare legislation to be presented to the Legislature in 1969.

The Committee was called the Utah Transportation and Economic
Study (UTES) Action Committee and was composed of three represen-
tatives from the Municipal League, three from the Association of
Counties, and three from the State Highway Department. Additional
Highway Department personnel were assigned to act as staff for the
Committee.

The next 18 months were spent by the Committee in carefully
reviewing, adopting,or modifying the studies' recommendations and
in preparing the legislation required.

The findings of the original studies may be summarized as
follows:

1. No rational basis existed for the division of responsibility
between State and local highway agencies.

Z. The State Highway System was too large. Many State High-
ways served only local functions and some local roads should
have been designated as State Roads.

3. Highway program management practices were generally lack-
ing at the local levels of government.

4. Local governments would require additional funds to balance
revenue with needs.

Recommendations were as follows:

1. The State System be redefined on the basis of functional
classification such that a net transfer of approximately
1,100 miles of highway would be made from State to local
jurisdiction.
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2. A County Arterial System consisting of 1, 800 miles of roads
be adopted.

3. A City Arterial System consisting of 450 miles of roads be
adopted.

4. The motor and special fuels tax be increased from six to
seven cents with the increased revenue being allocated to
cities and counties for improvement of the approved Arter-
ial Systems.

5. The Road Commission be designated as the central agency
for administration of State-aid cities and counties.

6. As a condition of State-aid, cities and counties limit the
authority of their elected boards to formulation of road
policies and broad administrative decisions pertaining to
budgets, construction programs, and personnel, and that
full-time registered engineers direct all County Road manage-
ment functions.

7. The State Road Commission rather than the State Legislature
be given the authority to designate the State System and City
and County Arterial Systems.

The Committee organized itself with a city representative as
chairman, a county representative as vice-chairman and a State
representative as secretary. The Committee also invited to attend
committee meetings as ex-officio members the following:

Chairman of the Senate Highway Committee
Chairman of the House Highway Committee
Member of the Legislative Council
Staff Member of the Governor's State Planning Office

A time table was established for review of all matters by the
Committee. Dates for decisions and review and approval of decisions
by the parent organizations of the Committee members were set.
The approved schedule was adhered to strictly through all delibera-
tions and actions by the Committee.

After careful deliberation and review the Committee determined
that the legislation to be presented should do the following:

1. Define the State Highway System on the basis of functional
classification using the A. S. F. recommendations as modi-
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fied by the Action Committee after review with State and
local officials.

2. Designate City and County Arterial Systems consisting of
those roads classified by A. S. F. as Collector Roads as
modified by the Action Committee after review with local
officials.

3. Leave the designating authority for State Highways with
the Legislature.

4. Place authority for designation of the City and County
Collector Systems with the Legislature but grant interim
authority for modifications to the State Road Commission.

5. Increase the tax on motor and special fuels from six to
seven cents.

6. Allocate the revenue from the increase to cities over 5OO

in population and to all Counties for construction of the
Collector Road System.

7. Not require as a condition of State-aid that engineering
departments be required at the local levels, but require that
all projects have plans and specifications prepared and be
constructed in accordance with uniform standards.

8. Establish the State Road Commission as the Administrative
authority for the Collector Road Program.

9. Provide for cooperative development of rules and regulations
for administering the Collector Road Program.

The staff of the Committee and Highway Department engineers
visited all counties and participating cities with maps depicting the
recommended Collector Systems and the recommended modifications
in the State System. Approval of the recommendations were obtained
where there were no differences of opinion. Where there were dif-
ferences, the modified recommendations were returned to the Committee
for consideration. The Committee reviewed all modifications and came
to a decision. Local and State authorities were notified of the decisions
and were afforded the opportunity to appear before the Committee to
present additional evidence for any recommendations not adopted by
the Committee. A few officials did appear. Arguments were considered
and ultimately the systems were finalized by the Committee. The final
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systems called for a transfer of 928 miles of road from the State
System to the local systems and a transfer of 206 miles from local
systems to the State System. Approximately 108 miles of the roads
to be transferred to local jurisdiction were presently the traveled
way of the Interstate System and were to be transferred to local
jurisdiction upon completion of the adjacent Interstate Highway.
The City Collector System included 368 miles of highway and the
County Collector System included ].942 miles of highway. The County
System included all mileage in cities with populations less than 2, 500,
accounting partially for the increase in county mileage and the de-
crease in city mileage from that recommended in the A. S. F. Systems.

The Committee did not feel that the Legislature would accept
proposals to place designating authority with the Road Commission
and therefore such a recommendation was not made. The Committee
was successful in having the Legislature designate the State and Col-
lector Systems as recommended by the Committee.

The Committee agreed that many cities and counties and their
road programs were so small that it was not economical to require
full-time engineering staffs and that a mandatory requirement for
the consolidation of staffs of several cities and counties was too
drastic a step to be taken initially. It was decided that proper man-
agement and engineering could be encouraged if projects were re-
quired to be designed and constructed in accordance with standards
and specifications. Such a requirement would leave the local agencies
free to establish staffs where practical or to contract with private
engineers or the Highway Department for the engineering services
needed. Further control and direction would be obtained by making
the Road Commission the administering agency for the program and
restricting the use of funds to construction, engineering, and right-
of-way items only.

A number of methods were considered for distribution of funds
among the cities and counties with a compromise formula being
adopted using the ratio of the cost to complete the system as a 45%
factor, population as a 45% factor, and land area as 10% factor. Cities
with less than 500 population were considered as part of the counties
since allocations and the Collector System in such cities would be
very small and the work could be handled more efficiently by the
C ounties.
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Legislative Acts necessary to implement the Committee's
proposals were prepared by the attornies of the Municipal League
and the County Association under the direction of the Committee
staff. It was the intent of those drafting the Acts that they be kept
as simple as possible. The existing statutes regarding taxes on
special fuel and motor fuel were amended to increase the tax rate
from six cents per gallon to seven cents. The statutes listing roads
on the State System were repealed and new sections listing the roads
recommended by the study and a new section entitled the "Utah
Collector Road Construction Act" were proposed. The Collector
Road Program was written as an extension of the State Highway
Program with cities and counties acting as agents of the State to
avoid conflict with a constitutional provision which prohibits the
use of State taxes for local purposes.

The proposals were officially approved by the Municipal League,
the Association of Counties, the Road Commission, and the Utah High-
way Users Conference. Official approval by the sponsoring agencies
did not, however, consitute unanimous approval of the proposals by
city and county officials. A minority group consisting of about one-
third of the county commissioners opposed the proposals for a var-
iety of reasons. Many opposed the engineering requirements and also
sought to have an existing law requiring competitive bidding practices
for projects over $Z5, 000 repealed. This group wanted complete
freedom in the use of the money and the use of county forces for
construction. Others opposed the transfer of roads to the local
system and wanted to be able to use a large portion of the revenue
for maintenance purposes. This group actively lobbied for changes
in the proposals or for the defeat of the proposals.

In the Legislature there was a very strong resistance to any
manner of tax increase. Tax payers and housewives repeatedly
marched on the Capitol and protested proposed increases in the sales
tax, cigarette tax, and other taxes.

The proposals, after extended debate, ultimately passed the
Senate by substantial margins, but not before a strong movement
supporting the dissident county commissioners had amended them
to allow 5% of the fund for maintenance.

In the House of Representatives on the 58th day the opposition
of the minority county commissioners' group, coupled with the senti-
ment against any tax increase, caused the proposal to fail of passage
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by three votes. However, ma most unusual move the measures
were recalled on the 59th day, amended to allow 10% for maintenance,
and passed by two votes. Strong action by the Governor, the Utah
Highway Users Conference, the State Road Commission, City and
County Associations, and the legislative sponsors of the measures
saved the legislation in this last-minute action of the Legislature.

Passage of the measures is significant in that for the first
time in Utah local and State highway responsibilities have been de-
fined and revenue divided on a rational basis.

The revenue anticipated for distribution to cities and counties
from the increased tax will be $4. 5 million in 1970 and will increase
to $7. 5 million in 1990. The 20-year total will be $120 million.

The measures became a reality because care was taken from the
beginning to involve local and State officials, legislative leaders, and
the Highway Users of Utah in the decision-making process and the
development of the legislation. Only the Highway Users as a tax-paying
group came forward during the 1969 session of Utah's Legislature to
support an increase in a tax they would have to pay. It was this support
in a tax-conscious year that the author feels provided the narrow
victory.

The Collector Road Construction Act stated that riThe State
Road Commission in cooperation and consultation with the counties
and cities shall adopt rules and regulations . . ." for administering
the Collector Road Program. The Act listed eight subjects which
must be covered in the rules and regulations. These eight subjects
are:

1. Establish procedures for programming apportioned funds
to improvement projects.

2. Establish the design standards applicable to the Collector
Road System.

3. Provide for the preparation of plans and specifications for
projects and the review of said plans and specifications by
the State Highway Department, except that cities and counties
who maintain adequate engineering staffs may prepare the
plans and specifications. In case where such staffs are not
maintained this shall be done by the use of qualified consul-
tants.
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4. Provide that all contracts in excess of $25, 000 shall be
by competitive bidding procedures under the contract method
by contractors prequalified by the State Highway Department.

5. Establish procedures for quality control of construction.
6. Establish procedures for the appraisal, appraisal review,

and acquisition of rights-of-way for approved projects.
7. Provide for uniform accounting of funds to be expended upon

Collector Roads and provide for necessary control over each
fund.

8. Provide for the manner and times at which the apportioned
funds shall be apportioned among counties and participating
cities pursuant to this Act.

Some amendments in the original list prepared by the Action
Committee were made on the floor of the State Legislature, but the
intent was not significantly changed.

Following enactment of the Action Committee proposals, the
State Road Commission asked the Municipal League, the Association
of Counties, and the newly organized Governor's Council on Local
Affairs to jointly appoint a committee to assist in the preparation of
the rules and regulations and the adoption of minimum standards.
A committee of eight men, some of whom had also served on the
Action Committee, was appointed to serve as a Technical Advisory
Committee on Collector Roads.

Through the voluntary efforts of this Committee, rules, regu-
lations, and minimum standards have been drafted. These rules have
been reviewed by the road committee of each association, by the Local
Affairs Council, by the Conference of County Commissioners, and by
the Executive Committees of each association. Each group has en-
dorsed the proposals by resolution, and resolutions recommending the
proposals have been adopted by the total membership of the Municipal
League and the Association of Counties at their annual meetings.

The rules and regulations and minimum standards will be pre-
sented to the State Road Commission of Utah for adoption on Feb-
ruary 13, 1970.

We in the Utah State Department of Highways feel that the Utah
Collector Road Construction Act is a significant step forward. We
feel that this program will complement the County Federal-aid
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Secondary Program and the TOPICS Program. It should be invaluable
in preparing highway organizations at the local government level for
expanded responsibilities and opportunities which are sure to come
with new Federal-aid highway programs proposed for the period
after completion or termination of the Federal-aid Interstate Pro-
gram.
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CHAPTER 68
S. B. No. 66 (passed March 13, 1969. In effect May 13, 1969)

COLLECTOR ROAD SYSTEM

An Act Relating to the Road System of the State of Utah; Providing
for the Designation of Collector Roads and Differentiating Between
City and County Colleetor Roads; Providing for Additions and Dele-
tions to the System; Creating a State Collector Road Fund and Pro-
viding for an Appropriation of Funds to it and for Their Use; and
Allocating Funds for Construction of Such Roads by Cities and Coun-
ties as Agents of the State Under the Administration of the State
Road Commission.

Be it enacted by the Legislatur.e of the State of Utah:
Section 1. Short title.

This act shall be known and may be cited as "Utah Collector Road
Construction Act."

Section 2. Legislative intent - Collector road system - Financed
from motor fuel taxes - Additional funds.
The legislature recognizes that an adeqsiate and integrated system of

highways, roads and streets is essential to the general welfare of the
state. It is the opinion of the legislature that the existing system of
collector roads is not adequate to service the state highways and arterial
roads. It is the intent of this act. to provide a means whereby a portion
of the proceeds of the motor fuels and special fuels tax of the state and
any other revenues allocated for this purpose may be used for the con-
struction and reconstruction of the collector roads designated in this
act. The legislature deems it to the best interest of the state if this
construction he performed under the direction of the counties and par-
ticipating cities as agents of the state under the administrative controlof the state road commission pursuant to rules and regulations of the
state road commission developed in cooperation with the counties andcities. It is the further intention of the legislature that the funds pro-
vided pursuant to this act, be deemed additional to funds normally used
by the cities and counties for road construction and shall not be used
in substitution for local road construction funds.
Section 3. Definitions.

As used in this act:
"Construction" means the function of constructing or reconstructing

a collector road and shall he limited to land acquisition, engineering, in-
spection, construction and reconstruction as ma be more fully defined
by rules and regulations of the state road commission.

"Fiscal year" means a period of twelve calendar months commencing
July 1 antI ending June '30 of the following year.

"Participating city" means a city having a population of 2500 people
or more as determined from the last official federal census.
Section 4. Collector roads designated - CR-i to CR-427.

(1) The following named roads are designated as collector roads:
CR-i. ,Juab Count line northerly via Ibapah to the Nevada Stateline.

(Collector Roads 2 to 422 arc listed on Pages 292-305)
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CR-423. Castleton northwesterly to a junction with SR-128.

CR-424. llndesignated.
CR-425. From SR-9 northeasterly to a junction with CR-427.
CR-426. Undesignated.
CR-427. From SR-9 northerly via Lisbon Valley Road to a junction

with SR-46 west of LaSal.

Section 5. County collector roads - City collector roads - How de-
termined.
All Collector roads within the unincorporated areas of a county and

within the non-participating cities or towns situated within the county
shall be designated county collector roads. All collector roads within
a city of 2500 population or more, according to the last official federal
census, shall be designated city collector roads.

Section 6. Additions and deletions to collector road system - Adjust-
ments by legislature.
Between each regular session of the legislature, the state road com-

mission may at the request of the cities or counties designate additions
to or deletions from the collector road system, but a list of all such addi-
tions or deletions shall he submitted to the next regular session of the
legislature by the state road commission for the approval or disapproval
of the legislature and shall be adjusted in accordance with such legis-
lative action.

Section 7. State collector road fund - Appropriation to commission
from excise tax.
On and after July 1, 1969, there is appropriated from the state high-

way construction and maintenance fund to the uses of the state road
commission an amount equal to one-seventh of the proceeds therein not
appropriated to other uses derived thereafter from the excise tax imposed
upon motor fuels and special fuels pursuant to the provisions of Chapter
11 to Title 41. All of said money shall be placed in a fund to be known
as the state collector road fund to be used as provided in this act. The
state auditor shall on or before the 20th day of July of each year make
the necessary accounting entries to transfer said money to the state col-
lector road fund.

Section 8. Appropriation for administration of act - Balance of fund
to be used for construction of collector roads and maintenance -
Distribution formulas.
3% of the money appropriated to the state collector road fund shall

be apportioned to the state road commission for expenditure solely in
connection with the administration of this act. The balance of said fund
shall he used for the construction of collector roads except that 10%
may he used for maintenance of collector roads. The fund allocated for
construction and maintenance of collector roads shall be apportioned
among the various counties and participating cities as follows:

(1) 45% in the ratio that the population of each county (including
the population of the non-participating municipalities therein) and of
each participating city bears to the total population of the state as of the
last official federal census.

(2) 10% in the ratio that the land area of each county (including
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the land area of each non-participating municipality therein) and of each
participat:ng city hears to the total land area within the state.

(3) 45 in the ratio which the estimated cost of completing con-
struction of the state collector road system in each county (including
the cost of the state collector road system in each non-participating
municipality therein) and irs each participating city, as determined in
the manner provided in this act, hears to the sum of the estimated cost
of completing the stale collector system iii all of said counties and cities.
The estiruatol rost of construction of I Ire state collector system in each
county ant partiripiting city shall he determined by the state road com-
mission in consultation ss ith representatis es of said counties arid cities
by ,Jui\ 1, 1070. and at he end of each five year period thereafter.
Section 9. (onirnissiori to adopt rules and regulations for collector road

System -. Items to he included.
The slate road commission in cooperatiun sod consul tat ion with the

counties and cit is shall adopt rules and regrilat ions which shall:
(1) Establish p owed ures for progra rurning apport i one I funds to im-

provcroent proJects.
(2) Establish tire design standards :ippl icable to the i oliec tor road

system.
(3) 1101 ide fr the prepa rat ion of jda us :tm I spec i fica lions for proj-

ects and the review of said plans and spetica lions h\ the state high-
war clp ir risen I, except that cities and turin ties who m tint am adequate
engineering staffs ma\' prepare the piSus and specificrtiorrs. In cases
whet so .h st ii ffs are not maml airied t Ins sir I he don' to t lii use of
qual i fit d ci 5151 ilL ant

(4) Pros ide that all contracts in kcrs- if '25000 shall be by ( orn-
petitis e iIstl:r1.J prO cures under the coot rat L rietlrl hr contractors
pre qual t tel I a the state highway depart n rent.

(5) E-tsit,t i-ti jrn,cedrires tor quality out rt of crirSirit 0111

(0 ti- trilti-ti (truer- lures for the al(oa1,rt, ippriussi review uid ac-
quisition ot riyh ts of was for approved projects.

(7 1 kin ii fir nil firm accuuri fit p of fsi nds to he tx pended upon
collect or n taPe a to I rn vile for n ecessar con t to I us cc eai h fur id

(8t Pins ii for the manner arid tunes at which tire ap1ertinrd funds
shall tie ails it nt-i a inong co unties arid to it i Ipa ting cut us put rsuan t to
this act

'1 tie i-Iate ri r d C Or urn Si-ion shall -i toperirIc sv it It tire govern lug offi-
cials of ii rut ics and par t icipa hog cit its rum or tsr to put itt effect the in-tent sat pitt paso of this itt

Section III. lteverm,ion of funds to collector road finiti - After five

The rntrnev apportioned to the state road commission for administra-
tive pin paces, aunt to each county or participating cit. frrr expenditure
dijon colic- Ir roads within the county or city shall continue available
for i-li h u Isse for a period of fis e fri-cal Veitrs after the close of the
fisuat e f i ii inch such sums are air thinnest and an amounts so ap-
port 100(5 0 11110 p rinobhiga Ic) at I I: e ('rid of such period sisal I revert
to the stSrts solicitor road find. The state road commission shall re-apportion said lapsed funds among the counties and parti-
cipating cities during the succeeding fiscel year.
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Financing the Hartstene Island Bridge Project

by

John C. Bridger

At 2:34 P. M. on June 22, 1969, the Hartstene Island Bridge
was opened to traffic and a cavalcade of vehicles headed by a horse-
drawn surrey and several "vintage" autos crossed the bridge to
Hartstene Island. This conclusion of formal dedication ceremonies
was the culmination of eight years of positive efforts in Mason County
by public-minded citizens, the Board of County Commissioners, the
County Engineer's Office, and others to provide free highway access
to Hartstene Island.

Mason County, with an area of approximately 1, 000 square
miles including 270 square miles of Olympic National Forest, is
situated on the Olympic Peninsula on southwest Puget Sound. It is
generally forested and ranges from sea level to 6, 000 feet, with
over 85 (named) lakes and 250 miles of salt water beach. The
county's population is approximately 20, 000 and its economy is
based principally on forest products, including manufacture, and
on recreation. The County Road Department currently operates on
an annual budget of slightly over $1 million and maintains 600 miles
of County Roads of which 40% are paved. Road districts are coinci-
dent with the three commissioner districts.

Hartstene, lying off the east coast of the Olympic Peninsula
and forming a part of Mason County -- separated only by the quarter-
mile wide Pickering Passage -- is the third largest island in Puget
Sound proper (south of Whidbey Island). It comprises 12, 000 acres
and has 30 miles of salt water frontage. The island was settled
sparsely as early as 1875 and some vineyards and other remnants
of early establishments still remain. The present permanent popu-
lation of the Is land is approximately 400, plus several hundred summer
homes and beach cabins.

Access to Hartstene was, of course, by boat. The crude pri-
vate ferry to the Island was acquired by the county around 1921 and
since that time Mason County has operated a ferry on generally
regular runs. The latest vessel was a wood hull, beaching-type ferry
built for the purpose in 1944 and operated at a continually increasing



loss - $40, 000 in its last year on the run.

Efforts to Finance a Bridge
Interest in a bridge to the Island had been expressed for many

years but perhaps not seriously. In 1961, certain interested citizens,
the Board of County Commissioners, together with the County Engin-
eer at that time, Mr. Frank R. Porter, engaged the services of a
consultant, Mr. Harold V. Sargent of Olympia, and began active
planning for a bridge crossing of Pickering Passage. After proper
public notification, hearings were held and the Chief of Engineers,
U. S. Army, in June,l962, granted a permit for the proposed bridge
crossing. Reconnaisance had resulted in the choice of a site about
1, 000 feet south of Grant Point on the mainland, at the narrowest
point at which bottom and bank features were favorable.

The structure was to approximately 1, 475 feet long with short
road approach embankments and was stipulated in the permit to
provide a minimum clearance above mean high water of 31 feet.
Early in 196Z, tentative locations for roads were established to con-
nect the route of the cros sing to the nearby county roads on the main-
land and on the Island and, after a regular public hearing, the route
was established by the Board of County Commissioners as a part of
the Mason County Road System. With funds provided by a loan from
the Housing and Home Finance Agency (now Department of Housing
and Urban Development), a series of borings in the channel and soil
tests were made by the firm of Dames & Moore and a preliminary
design and estimate were prepared by late l96Z. At that time the
estimated cost of the bridge and approach embankments (but exclud-
ing connecting roads and necessary rights-of-way) was $75, 000.
It was considered that approach roads and incidental costs could be
provided out of road funds normally accruing to the road district in-
volved, and that the cost of the bridge crossing only would require
special financing. After careful consideration of the overall county-
wide benefits which could be expected, a bond proposition for the
issuance of $725, 000 in county-wide general obligation bonds was
submitted to the votors of the county at a special election on March
12, 1962. This proposition received a majority, but less than the
required 60%.

In April,1964, application was made to the Housing & Home
Finance Agency for a 50% matching grant under the Accelerated
Public Works Program; the estimate at this time for the total project



was $815, 000. This grant was not made available because of the
early depletion of Federal funds for this purpose.

Again in November 1964, a proposition for the issuance of
$780, 000 in general obligation bonds was put on the ballot; this
proposition received less than 60% "Yes" votes.

There followed a period of near-frustration on the part of

those actively promoting the project. During this time, however,
various avenues were explored to determine if other means of
financing might be available. Consideration was given to the collec-
tion of tolls to assist in financing the cost of the project. It soon
became evident that supervised toll collection,essential to provide
adequate security for revenue bonds,would be so costly that only an
insignificant net annual sum could reasonably be expected from users'
tolls. Furthermore, the requirement of the payment of tolls would
mean a continuing restraint, to a degree, on free access to Hart-
stene Island and would not result in full development of the Island's
potential so as to benefit the entire county.

The 1965 Washington State Legislature amended the statutes
pertaining to county road improvement districts (RCW 36. 88) so
that it was made possible for all classes of Washington counties to form
special road improvement districts and to levy special assessments
against the property contained in said district to pay a part or all
of the cost of all types of road improvements.

This opened a new avenue in the long-sought route to financing
the Hartstene Island Bridge Project. A preliminary assessment
roll was prepared in the County Engineer's office pursuant to a
Commissioners' resolution declaring their intention to establish a
Road Improvement District conprising Hartstene and McMicken
Islands. This assessment roll involved over 6Z0 separate property
listings and was sent to 374 property owners; then a mail ballot by
property owners was canvassed. This ballot was favorable to the
formation of the Road Improvement District by a "yes" vote of over
78% of the proposed assessments voting, and on August 19, 1966,
there was created by resolution of the Board of County Commissioners,
Mason County Special Road Improvement District No. 1 to provide
"Not to exceed $300, 000 of the cost of the Hartstene Island
Bridge Project." A proposition for the issuance of $450, 000 in
county-wide general obligation bonds was presented to county voters
at the time of the General Election, November 8, 1966. The remaining
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$250, 000 of the cost, estimated at that time to total $1, 000, 000
was by Commissioners' resolution to be provided by the sale of
limited general obligation bonds. County boards in Washington are
empowered to issue bonds in an amount not to exceed 1 1/2Gb of total
assessed valuation. These latter bonds would be retired by annual
payments from normal road funds. The annual installments on this
issue would be less than the operating loss in maintaining ferry
service to the Island. This "package" seemed ideal -- degree of
cost to be borne would be proportional to the degree of befit.

Hartstene property would contribute to the greatest degree,
Commissioner District No. 1 next, and the remainder of Mason
County only on the general obligation bonds - - less than 1 mill
annually for 20 years. However, perhaps because of the crowding
of other "money" propositions on the general ballot, the county-wide
general obligation bond proposition failed by a narrow margin to
receive the required 60% 'Yes' votes.

Early in the summer of 1967, a straight_forward and persistent
public information campaign was initiated, stressing not only bridge
benefit, but especially the cost of ferry operation. One Board
meeting in late October, 1967,was duly publicized in advance as a
"Question and Answer" meeting on the proposed bridge project.
A large and representative turn-out at this meeting enabled the Com-
missioners, the Engineer, and the County Treasurer to impart factual
information to the electorate. All the usual news media were used --
both on a uipaid and on a ffl5? basis. Excellent cooperation was
afforded by the local Shelton-Mason County Journal, the Daily Olym-
pian, the Tacoma News Tribune, the Bremerton Sun, radio stations
KMAS, KGY,and KBRO. The Shelton Chamber of Commerce, granges,
and various civic organizations actively supported the project.

On November 7, 1967,the voters of Mason County approved a
county_wide general obligation bond issue in the amount of $450, 000
by a "yes" vote of 60. 7%. The project thus appeared to be assured.

Next followed adoption by the Board of County Commissioners of
the Final Assessment Roll for the RID, the preparation of complete
plans and specifications, advertisement for bids, and a planned
schedule for sale of the three issues of bonds. Design of the approach
road system and approach fills was accomplished in the County Engin-
eer's office and design of the bridge was accomplished by Harold V.
Sargent, Olympia, Washington.
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Seven bids were received and opened on March 25, 1968, for
construction of the entire project including approach roads. Award
was made on April 22, 1968, to the low bidder, Western Pacific
Constructors, Seattle, in the amount of $1, 005, 471. Consultants'
fees, county engineering costs, right_of_way costs, and repayment of
the advance planning loan to Housing & Home Finance Agency (now
Department of Housing and Urban Development) was estimated to
bring the total cost to slightly over $1, 100, 000. This project was
at that time and is believed to be at this time the largest single
road project ever undertaken independently by a Washington county
without State or Federal assistance. Total tabulated cost of the pro-
ject and the sources of funds are shown in Table 1. Persons and
firms directly involved with the bridge project are shown in Table
2. The structure as finally designed, differs only slightly from
the scheme proposed in the preliminary design of 1962. Two 12-foot
roadway lanes and one 3-foot sidewalk are provided by a poured_in_
place concrete deck carried by four lines of precast, prestressed
concrete girders on eleven 133-foot spans for a total overall length
of 1,465 feet, 9 inches. Girders are supported on poured_in_place
reinforced concrete caps topping 12 twin-shaft column bents. The
column shafts, except for the two end bents, consist of five-foot
diameter hollow, precast, prestressed concrete piles set and pressure-
grouted in cased excavations (borings) 35 feet below the bottom of the
channel. Hollow piles are filled with concrete where and as required
for strength. End bents are cast_in-place columns on reinforced con-
crete footings at or near normal low water, Elev. 0. 00. The bottom
of Pickering Passage drops on a uniform slope to Elev. -67. 0 near
mid-channel. The height of the structure from the bottom of the
lowest foundation to the top of the bridge railing is approximately
159 feet. The bridge is designed to carry HS-15 loading as prescribed
by the American Association of State Highway Officials; this is
conservatively adequate for any forseeable character and density of
traffic to the Island. In addition, the structure is designed to with-
stand the maximum normal tidal current of approximately five knots,
and a wind pressure of 50 pounds per square foot on all vertical
exposed surfaces together with seismic forces which might be anti-
cipated. All exposed parts of the structure are concrete except the
handrail of anodized aluminum and the one large, galvanized steel
expansion joint near the middle of the bridge. Maintenance costs



should be very small and the 'life" of the structure should be 50
years or more. Clearance and navigation lights are incorporated
as stipulated by the U. S. Coast Guard, and roadway lighting by
means of 11 mercury vapor lumenaries is provided for in the
construction, and has been installed on a service agreement with
Mason County Public Utility District No. 3. Power and telephone
conduits were placed in the sidewalk by the utilities at no cost to
Mason County.

Construction started May 7, 1968, and the bridge was opened to
traffic after formal dedication ceremonies on June 22, 1969. The
contract stipulated 250 working days - one year - but the severe
winter weather in December and January necessitated a shut-down
for nearly two months.

Table 1
Mason County Washington
Hartstene Bridge Project

Cost Summary

* Total Project
Construction Cost $1,065,892. 00 5.8% Overrun
Total Bridge
Construction Cost 862,673.00 1.87% Overrun

* Total Project Cost 1,203,400.00 9.4% Overrun

* Overruns caused principally
by excessive Right-of-Way
costs and adverse soil con-
ditions on approach roads.
Road Improvement
District - Bonds

Cash
Unlimited General Obligation
Bonds (Voted)
Limited General Obligation
Bonds (Comm. Resol.)

1968
1969

Miscellaneous Receipts
(Ferry, Interest, etc.

207.943.45 5.95%
92,056.55

450, 000. 00 5. 1654%

350,000.00 5.3684%
73, 000.00 6. 2484%

30,400.00
$1, 203,400.00
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Mason County Washington
Hartstene Bridge Project

Organization

Board of County Commissioners
* District 1 Martin Auseth

District 2 William 0. 1Bill'T Hunter (January 1969 -)
Harry Elmiund (January 1961 - January 1969)

District 3 John Bariekman

* Bridge project in District 1

Country Treasurer

John C. Cole

Country Auditor

(Mrs.) Ruth E. Boysen

Design Consultant

Harold V. Sargent, P. E., Olympia, Washington

Contract Administration & Inspection

County Engineer, J. C. Bridger, P. E, & Staff

Contractor

Western Pacific Constructors, a joint venture of A. H.
Powers, Inc., Seattle, and Willamette-Western, Portland

Bond Counsel

Roberts, Shefelman, Lawrence, Gay & Moch, Seattle

Fiscal Consultants

Foster & Marshall, Inc. , Seattle
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PANEL DISCUSSION

HYDRAULIC MODEL DEMONSTPATION

Presiding & Demonstration: Gene R. Fiala
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HYDRAULIC MODEL DEMONSTRATION

by

Gene R. Fiala
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Hydraulic Model Demonstration

by

Gene R. Fiala

Hydraulic Model

Five or six years ago the Bureau of Public Roads contracted
with a consulting hydraulic engineer to design and construct a
portable hydraulic flume, in which working models of hydraulic
structures used in highway drainage practice could be shown. The
Bureau did this after seeing this same consulting engineer demon-
strate a very effective and compact hydraulic model which he
carried around in a suitcase. We wanted something a little larger
than a suitcase - and so specified. But we did want a highly port
able, very water_tight flume, which we could set up even in an
office with a rug and not need to worry about leakage. Those of
you who have been associated with hydraulic models recognize
these requirements as being quite a large order.

The model apparatus, as constructed, was portable or semi-
portable, in that seven full-sized trunks were required to carry
it around. It was a little larger than most of us had imagined in
that it had overall dimensions of approximately 7 feet in length and
40 inches in height. The flume portion, where actual models
constructed primarily of plastic were set to be shown, was
approximately 5 feet long, ZO inches wide,and 10 inches deep. It
was not completely water_tight and although leakage was not a bad
problem, for our own peace of mind we always preferred to set it
up on a concrete floor which had a drain in it.

Hydraulic Model Apparatus Demonstration

The Bureau of Public Roads hydraulic model apparatus pro-
vides a means of observing the complex hydraulic phenomena
associated with typical highway drainage structures. The hydraulic
performance of the various hydraulic models demonstrated must
be viewed in a qualitative rather than a quantitative sense. That
is, the hydraulic characteristics noted in the models are typical



of those occurring in actual-sized structures, but no attempt is
made to scale up the model results to those of an actual-sized
structure.

A description of the models used and a brief discussion of the
hydraulic feature which each is intended to demonstrate is given
below.

Culvert Hydraulics Demonstration

Models Used:

Two 3" diameter circular culverts - one smooth, one corru-
gated, a 3" x 3" conventional box culvert, a 2-1/2" x 2-1/2"

drop_tapered box culvert with a 4-1/3" x 2_liz' face, thin
edge projecting inlet, headwall inlet, thick edge projecting
inlet, grooved or bell end inlet, flared or tapered inlet.

This demonstration is designed to illustrate:

1. Inlet control and the effect of culvert roughness.
2. Outlet control.
3. The relative efficiency of the following inlets:

a. Thin-edge projecting
b. Thick_edge projecting
c. Headwall
d. Grooved or bell end
e. Flared or tapered

4. The hydraulic performance of a box culvert with an im-
proved inlet as compared to a conventional box.

Discussion:

1. In general, when a culvert is placed on a flat slope, the
quantity of flow is controlled at the outlet; i. e. , all the hydraulic
factors, headwater elevation, inlet edge condition, pipe size
and shape, roughness, length, slope,and tailwater all have an
affect on the discharge through the culvert.

2. When a culvert is operating with inlet control, the length
of pipe, slope, tailwater, and roughness do not affect the
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discharge. The discharge depends only on the headwater
elevation, the pipe size and shape,and entrance edge condition.

3. The inlet edge conditions demonstrated are listed below.
The efficiency of the inlets is in descending order; i. e. , the
thin-edge projection requires the greatest headwater.

(a) thin_edge projecting
(b) thick-edge projecting inlet - headwall inlet
(c) grooved or bell end inlet
(d) flared or tapered inlet

4. The 2-1/2" x 2-1/2" drop_tapered box culvert requires
slightly less headwater to discharge the same quantity of flow
as the 3" x 3ff conventional box culvert. The outlet velocities
for the two structures are about equal.

In this demonstration the required size of culvert barrel was
substantially reduced by using a drop_tapered inlet. However,
this type of design can also be thought of as a means of increasing
the capacity of existing culverts. For example, the capacity of a
conventional 5' x 5' box culvert operating with HW = 1.5 D can be
increased by over 100% with the addition of a drop_tapered entrance.

The drop_tapered design is practical only for those cases
where inlet control governs. The barrel must be on a slope greater
than critical (supercritical flow in the barrel). The drop_tapered
design can result in considerable savings when the above conditions
are met and when construction of the inlet is not too costly. Generally,
the advantages of this type of inlet increase as the length and slope
of the culvert increases.

Grate Inlets Demonstration

Purpose:

1. To illustrate proper grate bar orientation.
2. To show the effect of slope on grate efficiency.

Models Used:

Small plastic channel, two square grates, one rectangular
grate.
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Procedure:
Two square grates are placed in the small channel such that
the bars are perpendicular to the oncoming flow direction.
The flow is adjusted until the grates just accommodate the dis-
charge. One grate is then removed and replaced by a solid
piece of plastic and the remaining grate turned so the bars
are parallel to the flow. This one grate properly oriented will
accept all the flow that required two improperly oriented grates.

To demonstrate the affect of slope,the six-inch rectangular
grate is positioned in the channel and the discharge adjusted
until the grate accepts the entire flow. The flume slope is
then increased with the result that part of the flow will bypass
the grate.

Discus sion:

Grate bars should be orientated parallel, not perpendicular,
to the oncoming flow. Square grates should not be used due
to the possibility of improper installation. Greater slope
requires longer grates to accommodate the same discharge.

Bridge Backwater and Spur Dike Demonstration

Purpose:

1. To show the backwater created when the normal flow
area is constricted by bridge approach fills.

2. To illustrate the affect of spur dikes in improving the
flow pattern and alleviating scour at the abutment.

Models Used:

1. Simulated embankment - spillthrough abutment - 8 high,
1/2:1 side slopes.

2. Spur dike - 8 long with 2-1/2:1 elliptical shape.

Procedure:
The embankment model is constructed in three sections, one
section and the abutment are initially inserted in the flume.
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The backwater is recorded and dye used to illustrated the flow
pattern; i. e., flow parallel to the embankment and the separa-
tion zone at the abutment face. The remaining embankment
sections are then added, the backwater values recorded and
resulting flow patterns demonstrated. The spur dike is then
inserted, the improved flow pattern demonstrated with dye
injections, and the backwater noted.

Discussion:

Increasing the degree of constriction increases the backwater
and causes a deterioration in the flow pattern. The flow sepa-
ration at the abutment face has two adverse effects:

(a) it decreases the effective flow area thereby reducing
the efficiency of the bridge opening and

(b) it results in a flow pattern conducive to scour.

The spur dike improved the flow pattern through the bridge
and reduced the undesirable flow parallel to the embankment.
It results in less separation and scour at the abutment face
and an increased effective waterway area.

Bridge Pier Demonstration

Purpose:

To illustrate the correct orientation of a bridge pier to reduce
the local scour potential.

Models Used:

A rectangular rounded-nose bridge pier. This model is
constructed to allow orientation at any angle with the oncom-
ing flow.

Procedure:

The pier is initially orientated with its long axis parallel to
the flow direction and dye used to demonstrate the flow pattern.
The pier is then rotated so the flow attacks it at various angles.
Dye injection illustrates the increased turbulence as the angle
of attack increases. This turbulence is indicative of potential
scouring around the pier footing.
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Discus sion:

For piers other than circular, scour potential is a direct
function of the angle of attack of the oncoming flow. The
greater the angle, the greater the scour potential. Piers
should be constructed with their long axis parallel to the flow
direction expected during flood periods.

Ogee Spiliway Demonstration

Purpose:

1. To illustrate types of flow; i.e., subcritical and super_
critical flow.

Z. Demonstrate formation of hydraulic jump.

Equipment:

Model of ogee spillway, 5-1/4 inches high which completely
obstructs flow to that depth.

The following hydraulic features are demonstrated.

1. Flow upstream of the structure is deep and the velocity
is slow; i. e. , subcritical flow prevails. Flow passes through
critical depth near the spillway crest and supercritical flow
exists from that point to a downstream point which is dependent
upon depth of flow in the channel.

2. With sufficient depth of water downstream of the spillway,
a hydraulic jump occurred. Depending upon the magnitude of
the approach velocity preceding the jump as compared to
critical velocity at that point, the form of the hydraulic jump
varies from an undulating water surface with little energy loss
to a well-established jump with appreciable loss of approach
kinetic energy. The longitudinal location of the jump in the
downstream channel can be shifted by varying the tailwater
depths.
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COOPERATION
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Irvin C. Lloyd

107



Multiple-Use on ABC System

by

Irvin C. Lloyd

During the past two years highway journals and literature have
been presenting articles on Multiple Use and Joint Development on
the Interstate System right-of-way. Does this philosophy pertain to
the administrator who is responsible for a State's primary or secon-
dary system, county roads, or city streets? Yes. The same objec-
tive and goal may apply to all highway classifications.

Before we discuss methods, examples,and means of financing,
let's define these terms. Multiple Use" means development of the
highway right-of-way for other compatible purposes along with the
roadway. After the highway has been completed, the land space
under the structure, air space over the highway, or extra width of
right-of-way required for protection and construction of facilities
may be utilized for other developments which will benefit the adja-
cent community.

"Joint Development" means the partnership between the highway
agency and another governmental agency or a private operator. In
most cases, the highway agency retains ownership of the land, supplies
minimal construction costs such as limited rough grading, and pro
vides design consideration such as spacing of bridge piers. The
partner then finances the cost of the development which may include
mini parks, recreation development, trails, public or commercial
buildings over or under a facility, or acquisition of adjacent property
to properly develop their installations.

Most communities are extremely anxious to work with the high-

way agency on Multiple Use, but the problem is one of communication
on what are the needs of the community. This comes down to the
point of Community Comprehensive Planning, which is a must for a
locality to voice its needs and how it intends to develop those wants.

Borrow pits dressed up and left as fishing lakes; use of the high -
way embankment as a dike or water impoundment; trail systems;
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fire stations; library; courthouse annex; parks; parking; fish or
water access; and many other features have been created on the
highway right-of_way across the country, based on a comprehensive
plan which assured the highway department that this development
would fit into the community and would be properly operated. Often
a community has a need, but is limited by insufficient finances.

There are several government programs that can help the
community: Housing Urban Development 701 planning, open space,
and recreation programs; Bureau of Outdoor Recreation development
and acquisition programs; Soil Conservation Service rural recreation
and soil conservation programs. Often savings can be realized by
the taxpayers of a community if the nds of the community are made
known to the highway administrator prior to the highway design.
Many times the most costly construction item for a community fire
station is the purchase of the land. If the street or highway has
excess right-of-way not required to operate the road, this may become
available for construction of such facilities as fire station or some
other community need. Many times excess right-of-way has been
acquired originally because of acquisition problems, construction
needs, or as a protection against the adverse use of the highway.

So far we have been discussing other related developments for
Multiple Use, but a highway-oriented use is now being discussed by
Congress, and has been for some time -_ that is, a nationwide Scenic
Road System. By Executive Order dated April, 196Z, the Department
of Commerce, Bureau of Public Roads, was asked to prepare a pro-
posed plan for scenic roads and parkways nationwide.

Congress was starting to look ahead to what would be the great-
est highway need after the Interstate System had been completed.
They realized that many Primary and Secondary Systems will have
to be improved, but due to the great pressure for recreation needs
across the country, they felt that now was the time for a study to be
undertaken on a Scenic Road System. This report was completed
in 1965 under the title 'Proposed Program for Scenic Roads and
Parkways for which each State had provided information on the
routes they would consider for inclusion in such a system.

This has created considerable interest in several States that
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have, on their own and until such time as a Federal program is devised,
started their own scenic road program. The State of Washington
has such a scenic road program, with routes whicn are designated by the
State Legislature. This should not be confused with the Scenic Areas
designated by the State of Oregon. Oregon's scenic areas only
designate portions of a designated route, whereas other States have
designated entire routes between cities as scenic roads. A good
example is the route between Ellensburg and Yakima, Washington.

Periodically the Federal Highway Administration is asked to
submit to Congress projected highway needs across the nation. This
year Congress has asked that an item be included for a Scenic Road
System. Following are several proposed items being considered for
incorporation into that document:

1. Authorization for establishment of a Scenic Road System
nationwide.

Z. Criteria, standards, etc. to be incorporated with all agencies
concerned.

3. States are to select certain routes which will qualify to the
above criteria and establish the necessary legislation for
such roads.

4. That the nationwide system be limited to 100, 000 miles.
5. That the nationwide system be so marked by a uniform

nationwide marker.

Up to the present time the Scenic Road System has been considered
to be on the 'back burner" until the Vietnam War has been
settled.

Due to the increase in our population and their means of mobil-
ity, all levels of highway management will be challenged to assist
in the utilization of our valuable land and the preservation of our
environment. Multiple Use and Joint Development will be means
we can use to fit the highway to the community needs and the surround-
ing environment.
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Bureau of Outdoor Recreation Program

by

Stanley B. Olson

The Bureau of Outdoor Recreation (BOR) was established
January 1, 1965, when funding was first provided. The Organic
Act set the agency up somewhat before that date. The money
comes from several sources, sale of Federal real property,
motor boat fuel tax, and up to this point, from entrance and user
fees which are less than earlier predictions. The Act was amended
July 15, 1968. It provided for more adequate funding up to
200 million dollars for five fiscal years; utilization of miscellaneous
receipts from the outer continental shelf lands if appropriations
fall short; use of advance appropriation authority; and repeal of
the entrance and user fees effective March 31, 1970.

We have heard nothing specific about what Congress may do.
There are bills in the hopper that will extend the Golden Eagle
program, increase the fees to 10 dollars a year. In any event the
agencies would still have the right to charge entrance fees or user
fees for specific developments and probably utilize the money for
maintenance.

The Land-Water Conservation fund was identified for specific
purposes to stimulate, encourage, and assist local and state
governments to create new and expanded high-quality recreation
areas. This was to be done by providing for state-wide planning
and financial assistance. This is referred to as our grants -in-
aid program, and the monies are apportioned to the states on the
basis of two-fifths equally, three-fifths on the basis of demon-
strative needs. Federal funds are made on a fifty-fifty matching
basis, Grants-in-aids have been an active part of this agency
program. As an example in the State of Oregon, for the period
from 1-1-65 through fiscal year 1970, there has been apportioned
approximately 5-1/2 million dollars. Some 250 projects have
been initiated, are in progress, or have been approved. There
are several examples of projects nearby. In Corvallis, the
Pioneer Boat Basin project. Here the City of Corvallis sponsored
a 35-thousand dollar project which is a nice small project. On the
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Columbia Gorge located along the Interstate Highway, is Ains-
worth State Park, a new venture. This development consisted
of land acquisition and development of a 40-unit camp ground,
costing $325, 000, one-half matched by Federal funds. South
of here at Orchard Point on the Fern Ridge Reservoir, a Corps
of Engineer Project, the city of Eugene put in a new imaginative
day use area at a development cost of $75, 000. There are many
other excellent examples both in Oregon and neighboring states.
The state of Oregon distributes money on a 60-40 basis, 60%
to state projects plus administrative costs, 40% to local
governmental bodies on a 5 0-50 matching. Most states
have a similar formula with variations of their own. It is up to
each state. The Bureau of Outdoor Recreation deals only with
the state level through an interstate agency committee. A con-
tingency fund, controlled by the Secretary of the Interior, can be
used for special projects of significance. In the state of Oregon,
a special grant was given for the Willamette River Park System
to assist the State of Oregon. An approved state recreation plan
is a basic requirement for receipt of grants-in-aid funds. These
recreation plans are produced by the state with some land and
water financial assistance and matching funds of their own. They
are adjusted periodically to meet current situations in changing
times. They cover supply and demand needs and they provide
for a program of implementation.

The State of Oregon recently completed its third edition
supplement. It identifies the needs through 1985. It has an action
plan to implement this need. It represents coordinated effort by
Federal, state, and local governments. It is within the framework
of total state planning for all needs and objectives that should be
met. The plan identifies a need for 333 million dollars for this
period of time, approximately 21 million dollars per year until
1985. The State receives federal land-water fund money at an
apportionment of less than one million dollars per year, so this
is but a small part of total need.

While speaking of planning I might mention the Bureau of
Budget directive effective 9-30-69, which stipulates that all fed-
eral projects must be approved by a state clearing house agency,
and must be in accordance with state plans. This is operative
now in most of the northwest states.
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Also, the Congress has directed that the Bureau of Outdoor
Recreation provide a nationwide recreation plan. This has been
a long time coming, and the date has been extended ahead for
compliance. Hopefully, it will be presented to Congress soon.
It can be assumed from everything that you read or hear that
emphasis will relate to urban recreation needs.

In addition to grants-in-aid to the states, provision is made
for funding Federal land acquisition. I might point out specifically
that many of the state grants-in-aid projects represent land acqui-
sition which was identified as a basic need by the Outdoor Recrea-
tion Preview Commission, namely to save land now.

There are also substantial amounts of land-water conservation
funds utilized to acquire private lands, in-holdings and selected
recreation lands located within national parks, national forests,
and national wild life refuges, and within newly authorized Federal
recreation areas. Over one-third of a million acres have been
acquired to date by this funding. This represents many subdivision
lots and fractional descriptions of land. Substantial progress has
been made, but escalation in land values continues, and much work
remains to be done. For example, there are an estimated four
million dollars worth of private in-holdings remaining in both
Olympic National Park and Glacier National Park, two of the big
natural parks near us. Both fee acquisition and scenic easement
acquisition are involved along the national wild rivers which rep-
resent cost. A high cost and a big job remains in the newly author-
ized area at Point Rayes near San Francisco.

In the State of Oregon the United States Forest Service to date
has acquired 25 tracts in seven national forests at a cost of approx
imately a million dollars. These include highly selective tracts
on theRogue River, the Pacific Ocean Strip, some of which are
sand dune management back_up lands; and in the Columbia Gorge
where there is a coordinated effort to block in alienated lands.
There are also some opportunity purchases in Eastern Oregon
along streams and reservoirs. The Bureau of Outdoor Recreation
is responsible to the Congress and the Appropriation Committee
for the programming and verification of lands to be acquired by
these Federal agencies.

Another division of this agency is involved with river basin
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and water project planning. Currently there are three specific
large comprehensive studies underway in the northwest involving -
1) the Columbia North Pacific framework study now at the printers
which will soon be out for agency review; Z) the Willamette Basin
comprehensive study involving two drainages in Oregon, a more
extensive study; 3) The Puget Sound adjacent water study in the
western part of the State of Washington. There are target dates
for completion and public hearings will be held. They involve close
inter-agency coordination in identifying a tremendous job ahead for
these large areas.

We are also involved in individual water projects. We work
closely with Bureau of Reclamation and the Corps of Engineers on
cost benefit ratios and recreation aspects of specific projects under
study. Examples are the controversial high-mountain sheep dam on
which we spent a lot of time. We also get involved with channeliza-
tion projects here and there. We work with the Soil Conservation
Service closely relating to Public Law 566 (small Watershed Act).
Sometimes there are grants-in-aid projects coupled with these fac-
ilities which are small impoundments and cannot carry large rec-
reation costs.

Special Studies is another division in our agency. We are in-
volved in scenic river studies, both designated and study rivers.
We are also involved with national trails, both designated and
study trail systems. We have done considerable work on the national
island program and the lake program. If you have read the paper,
you observed cove rages on a study proposal for the Oregon Cascades
which is apparently firing up. Undoubtedly, if Special Studies are
made, we would have some role to play in a task force team.

The division of Federal coordination, technical assistance and
environment is where I sit. It is a big field; there are new aspects
every day. We have a role to play which relates to recreation and
environmental factors. We coordinate our efforts with the General
Service Administration. Under a intra-agency agreement we iden-
tify surplus lands for parks and conservation uses. We make
special studies of some of these areas and inspect and report on
compliance when they are converted to parks. Via agreement with
the Bureau of Land Management, we identify specific tracts that
are applied for under the Recreation Public Purposed Act for parks
and conservation use. We are sometimes involved in providing
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technical assistance. More private lands and private enterprises
will assume a role in private recreation enterprises. There is a
big future here, but it is still in its early stages. The Soil Con-
servation Service and the Agricultural Extension Service are res-
ponsible for assistance to private land owners, but we play a
cooperative role in the workships, meetings, publications, etc.

I am just going to touch on the environmental matters. I
think the speaker this noon really set the stage; also the movies
shown enlarged further on environmental problems. I am simply
going to say that we are involved in environmental matters and
land use classifications as they relate to highways, bridges, air-
ports, Corps of Engineers navigation permits, wilderness classi-
fication, nuclear sites, and transmission lines. I am a forester
who with experience behind me in planting trees, harvesting tim-
ber, building roads,and fighting fires never thought I was going
to be involved with high-rise apartments pre-empting water areas
from boat usage, etc. These are the kind of things you get into
today. We were involved to some extent in the Portland Airport
and the Miami Airport controversy. We go to many highway
hearings and we will probably have some position in some of these
controversies. Also, in Legislative matters relating to scenic
roads and rivers by the states, our main concern is recreation
aspects and intrusive aspects. We have a regional coordinator
for the Department who relates to all of the Department of Interior
agencies involved dealing with water pollution in commercial and
sports fisheries, etc. Hopefully the challenge ahead for the younger
career people is to meet these changing times with the compression
of time factor which allows little lead time. The dynamics of
change, short lead time, the cross-fires of emotionalism, the
necessity of political compromise will demand all the expertise
we can muster. I am hopeful you can closely coordinate these
things and achieve the end objectives. While the BOR is a small-
growing organization, presumably our voice will be heard to some
extent and we will be involved with you in achieving objectives.
Let us hope that reasonable approaches prevail and that accomplish-
ments will be made.
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Public Hearings

by

R. L. Carroll

Landscape work, as you have heard takes many forms.

Some years ago we were working on a job called North Cross
State Highway from the upper Okanogan Valley, upper Methow Valley
in Washington, across the Cascades down Granite Creek into the
Skagit Valley and ultimately on out into the Everett-Seattle area.
We had started out on a program and I thought we were doing a fair
job of the landscape work, trying to preserve as much of the native
timber as possible and develop view points. After we had constructed
a portion of the job, particularly over on the west side, there was a
very substantial scar left on the side hill in a very light-colored
granite rock. It really hadn't bothered me,but some of our landscape
people looked at it and asked if anything could be done to cover it up.
Well, obviously, we couldn't plant anything on it. Somebody in my
shop came up with the idea that we could get some colored asphalt
emulsion, mix it right, color it if we had to, and go in there and spray
it -- kind of doing a large-scale antiquing job. After about six months,
this thing was finally perfected and we went in and sprayed the rocks
and they didn't look too bad. They looked like it was a new cut that
had been painted, but some thought it looked pretty good. This was
great. About two months later, I had a letter which I think had 37
names on it from a school in Seattle. It was from a class of geology
students asking, "Why did you cover up that rock"? It was the only
perfect display of this particular formation they had ever seen.

Joint use of right-of-way also tends to create a problem or two.
It seems to me that joint use is kind of a one-way street where every-
body wants to use highway right-of-way for one purpose or another.

I direct my comments along this line to probably a number of
you in the group that this joint use and multiple use concept is a
two-way street. It can't always be one way and I was pleased to
hear Mr. Olsen's comment that the Bureau of Outdoor Recreation
now is geared up to be funded. It is alot easier to cooperate with
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another agency if they've got money.

For some number of years, the State of Washington has operated
on a two-hearing process from the days of the establishment of the
Highway Commission when the Access Hearing was first inaugurated
back in the early 50's and later as we got into the Federal regulations
covering Federal aid Route Hearing. WeTve operated on the two-hear-
ing basis for quite a long time. Approximately a year ago, we were
involved in an added hearing, I think known by definition as the Cor-
ridor Hearing, first when it was to replace the old Route Hearing
and is now supplemented by Design Hearing.

In Washington, we have of course, the Access Hearing which is
conducted by the Highway Commission. The first two hearings, the
Route Hearing or Corridor Hearing, are conducted at the district
level. Generally, the district engineer in the highway district serves
as the hearing officer, and we conduct the Route Hearing. Later
we get into the Design Hearing.

There are some basic disagreements, Pve found, in what these
hearings are attempting to do. There is some lack of unanimity of
opinion, if you like, in the approach and the conc ept of what we are
attempting to do. The policy procedure memorandum that was issued
by the Federal Highway Administration, Bureau of Public Roads,
states that the hearings are an opportunity to receive effective input
from the citizen and get a citizen participation. This is pretty clean-
cut -- you really don't have to wrestle with it too much.

My headquarters office elected to take that particular statement
and expand, dictating how hearings should be held. I think that is the
first mistake that we made in attempting to really make these hear-
ings too formal. We are to the point now that due to challenges,
opposition, legal questions being raised, the Attorney Generals
office is seriously considering retaining a hearing officer, a local
attorney or a local judge, and have all hearings conducted under
the rules of Superior Court, where it will all be sworn testimony.
As we look at the problems in the Chicago trials, I'm not sure that
is the solution either, but one point that I believe we have missed,
as we begin to get a little more sophisticated in these hearing pro-
cesses, is an attempt to conduct them too closely to court order and
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court rules. Basically, the lay citizen who really may have something
to contribute is to a degree frightened off by this process and you
then only hear from either the well-financed or well-organized group.
I don't mean to imply that group may be only the dissidence, for you
may have support, but the first two hearings, I suggest, should be
on an informal basis. They are formal to the extent that we use a
court reporter or a recorder in an attempt to get all the comments
in; but there is no sworn testimony, and the least amount of technical
presentation, I believe, is an advantage. I have found on occasions
where there were some traffic problems and I have had to call on
my traffic engineer or others in that field to testify, the citizens
sometimes just plain and simply don't understand what we are
talking about. We had the occasion of trying to explain a portion of
the Portland-Vancouver Metropolitan Transportation Study -- why
the delays, whether or not the delays were caused primarily by
the methodology that was used -- and about that time we had
completely lost the citizens. I told my traffic engineer he lost me
too, but that is not too difficult to do. It does get a bit frustrating
as we get into the hearing processes.

Over the years we have had some very extensive, cooperative
and coordinating committee meetings with various levels of govern-
ment-city engineering staffs, city councils, counties and county
commis sioners, various planning commissions. We have done, I
think, a very good job in this type of coordinated effort. In fact,
I think we have coordinated and cooperated ourselves nearly out of
existence. We have operated to a large degree like the mutual
admiration society.

Dealing strictly with the technical aspects, I think that we are
getting into an area where we must get away from pure and simple
engineering staff type contact and review, that we have to get into
the other disciplines.

Not too many months ago, we had a project in Seattle. It was
known to be somewhat controversial in nature and in an attempt to
do a better job in our preliminary study and route analysis, we
engaged an urban design team. The urban design team was made
up of sociologists, an expert in the area of economy and the economics
of the area, a civil engineering professor from the University of
Washington, a landscape architect, and an architect on structures.
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As we got involved, we asked this particular group to review our
planning and give us guidelines and point us down the right track of
working with the citizens to get a better input on the feeling of local
community, and I think they did a good job. The group was not
charged with the responsibility of highway location or highway design,
but merely to see that we applied the same criteria on all the routes.
I think one of the most meaningful things that came out was the
discussion with the sociologist. He raises the question, Now,
you've got a route going over this particular area. It is a rather
high-density area. Have you considered the effect or the possibility
of the disruption of family entities? You have a highway route going
through a rather modest income area. You have 8, 000 to 10, 000
citizens. Certainly there are some family units that are pretty
marginal. They are teetering on the brink. All it takes is a
traumatic effect of a highway right-of-way or a highway plan coming
through the area and this is the straw that will break the camels
back. Suddenly you have a divorce situation, a child being deprived
of its mother or father. What weight do you put on that type of
thing?" I had to admit that I really hadn't considered it too strongly,
but it was a point and, I think it was a valid point, particularly for
those that are oriented in the field of sociology. It is a valid point,
so I looked to the same gentleman to give me an escape route and he
did. He said, "I think you should put alot of weight on that and
consider it on each of your routes, but don't forget that this samefamily unit that is sitting on the border of being shattered, just
right on the brink, suddenly finds it is facing a common enemy and
you've got a good solid family structure; hence, one outweighs the
other, so don't worry about it. ' At times it's a little bit frustrating
to attempt to draw from the community their true feelings and
comments.

I think that we find that there is alot of comment within the
local communities that we have been unable to draw out. We're
making an effort in our daily processes to do two things:

1. Get a cross -section of opinion of a highway project or
a plan and, at the same time,

f. Not be over-influenced by any particular group.

This is the thin line that was mentioned: that you could have the



best of two worlds. We too often find at hearings that we hear
one side of the story.

I'm going to take just a couple more minutes to cite a few
specific instances and details of what has occurred. I have been
personally involved with some hearings, and there are some
rather strange reactions. The policy and procedure memorandum
and the Department of Highways procedures provide that the
public shall be afforded the opportunity of a hearing. Can you
think of a better way to duck an is sue than to put a legal notice
back in the classified ads? How many people do you know who
make a practice of reading the classified ads to see that they
know of all hearings? This is really a weasel way out. We have
made a practice of not going the advertising route. We don't ask
by a legal notice tucked away on the back page "Would you like
to have a hearing?" We've been getting good press coverage. I

don't necessarily mean favorable press coverage, but good press
coverage on our hearings, and we are not advertising for desire,
we are advertising for a hearing. The cases in which a hearing
is not held are very few. By the time you go through the processes
of advertising "Do you want a hearing?" you are bound to have a
few people who say, "You bet." So then you start all over again
and you advertise the date of that hearing. You have lost time.
An example of that is in downtown Vancouver where, some
number of years ago, the Department advertised for a
Design Hearing. No takers; fine, everybody congratulated
themselves and said no hearing. Down the road about fourteen
months ago, a presentation was being made at the Chamber of
Commerce and it was casually mentioned that an interchange at
SR 14 and 1-5 just north of the Columbia River was being designed
which contemplated work with the Army's Vancouver barracks.
We found that the property changed hands some 18 months before
when the Army had transferred the property to the National
Parks Service and the Army had no control over the land. The
National Parks people were extremely disturbed, first because
of the fact that we had contemplated taking National Park land,
but most importantly we had not even talked to them. The lines
of communication sometimes get cut.

It's difficult to find out in any given area how many public
agencies are involved in any given operation. Had we gone through
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the hearing process, I'm confident that particular job would have
been advanced one year. Section 4 (f) requires that any encroach-
ment on a National Park, historical site, recreation area, wild-
life sanctuary, etc., must be reviewed, and we spent about a
year making a special study of the Fort Vancouver National
Park. We have developed a report that is on its way back to the
President's Advisory Council on Historical Site Preservation, and
we may be many months yet in getting a final determination. The
real sad feature of this is that all the time this is going on, there
are some 300 families hanging on the ropes. They've been there
for about four years, wondering, "When are you going to buy
right-of-way?" Our problems grow, particularly in the area
of review. There are those who have no responsibility for the
implementation of the project, but serve only to raise question
such as Why it is there? Where are you going? Have you
considered everything? Obviously, we have not considered
everything because we continually get into trouble every time
we try to move a project ahead. The average citizen does not
care about our negotiatings with the National Parks or the Bureau
of Outdoor Recreation or the review by my headquarters authority
in Olympia, or the subsequent transmitting of material to the
Bureau of Public Roads. He doesn't consider this. When are
you going to get the job done? We've worked closely, particularly
with people in the Parks agency. We think we have covered our
bases on all State agencies, but there are continual developments
as new agencies are created and we miss them. In fact, it was
only this week that the division office in Olympia, Bureau of Public
Roads, was issuing instructions in my office on how we are to
handle our contact with the Bureau of Outdoor Recreation.

We have a job in Goldendale where two years ago a hearing
was held for route selection. The testimony at that hearing was
about 90% in favor of a route different from that which the
Highway Department had recommended. We studied three
routes, we made a recommendation to the Highway Commission,
and the community opposed it in total. The Highway Commission
saw fit to bypass our recommended route and adopted the route
that the community wanted. A year later, we received letters
and petitions from the Planning Commission, from the City
Council, from the County Commissioners, from the Planning

123



Council and the Chamber of Commerce, asking that the Highway
Commission reconsider and select the other route. In investi-
gating and reviewing we rang alot of doorbells to find out what
had happened. The comments were, 'Well, we knew that whatever
you recommended, the Commission would adopt, and we didn't
have any say so anyway, so we didn't show up at the hearing."
We took the unprecedented step of going back and holding another
official, formal, legal hearing, at which time everything was
reversed and we were back where we had started, but two years
later.

The community, the citizen, is suspicious, he is not
apathetic. We have a terrific job of salesmanship in front of
us to try to at least get some degree of understanding with the
citizen that we do not have our minds made up. We have gone
to hearings with nothing more than a schematic, and I don't
know of one case yet where there has not been some change
made in the plan or the route as a result of some testimony that
has occurred.

Last May we held a design hearing on the section of SR 105
at the mouth of the Willapa River, you may know it as Cape
Shoalwater at North Cove. The beach is eroding at the rate of
about 150 to 180 feet a year. A couple of coast guard stations,
a couple of lighthouses, and lots of houses have gone to sea, and
the erosion line is now within about 400 feet of the highway. Two
years ago a plan was made as a joint venture with the Corps of
Engineers, the State Highway Department, and the county to
undertake a highway project that would also provide a dike to
preserve some of the cranberry bogs. As this developed, the
Corps found that due to some statutory limitations, they
couldn't be a party to the project. The Board of County
Commissioners took another good look and said, "Gee, if the
Corps is getting out, I think we will. " There were two of us
left -- the Highway Department and the Water Resources
Department. About 300 people showed up at the hearing we held
in May. There was not one testimony in favor of the Highway
proposal, which was to construct a new route back of the existing
highway which would require new right-of-way. The only
testimony at that hearing in favor of the highway route came
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from one man I had recruited who said I would at least like to
have someone on my team. In reviewing the testimony, the
Highway Commission, my headquarters office, and the Depart-
ment of Water Resources concluded that the community did not
want this project. We indicated that the proposed project would
be deferred, based on the testimony of the hearing.

Two weeks ago I had an invitation from people representing
a group made up of the charter boat operators, the motel owners,
and the restaurant association. It finally hit home. If that road
washes out, how is anybody going to get to the area. We have
been asked now to come down and hear the other side of the story.
We did not shelve the job, because we continued on rightof -way
acquisition. The plans are worked up and can go to contract in
about 60 days. But my question to the group, and to the county
and city officials, is 'Where were you on the 26th of May when
we held a hearing on this matter?"

I look to the representatives of the cities to be active parti-
cipants in hearings. Through review and cooperative efforts over
the years, when we worked through the city office, the county
engineer's office -- maybe it was a wrong concept -- we assumed
that when you work with the governmental agencies, this informa-
tion filters down. We have had occasion to work for two years
with the city engineer's staff on a plan; everything is gelled, we
are ready to go within a week of the hearing date. Then the
Fire Chief says "You can't do that; I cannot continue to provide
fire protection to this area." And we are guilty, we didn't
contact the Fire Chief. We have made up a mailing list that
includes every group that we can think of, with particular
emphasis on the citizen group, and that would include groups
such as the PTA, the grange, and church groups. These are
the ones who are not normally represented by a Chamber of
Commerce or a Roads and Transportation Committee or some
organized governmental group, and we have attempted to meet
with these people. My office stands ready to meet with any
group at any time, whether it is formal, informal, official,
unofficial, organized, disorganized. If we can get out and get
participation, we perhaps can overcome the problem of first
working and then designing in somewhat of a closet of professionalism,
where we only touch bases with those people who are directly
involved in design.
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We have a limited access facility east of Vancouver that has
a grade intersection with a terrific accident rate, but fortunately
no fatalities at this time. We want to close it, and I think right
now we are going to get the closure accomplished with total
support of the citizens. We have spent about two months on a
doorbell and door_knocking campaign soliciting comments from
the citizens. We have not asked for a public hearing, but one
will probably be held since it is a limited-access facility. We've
contacted the neighborhood, starting right at the intersection and
fanning out, and have sampled about Z5% of the population, and
to date we have not had one objection voiced. There is some
real advantage in this person_to_person contact. I'm afraid had
we advertised first and held a public hearing, we would have
gotten maybe one or two people who perhaps just like to be on
the opposition side.

A hearing is scheduled on Interstate S next Wednesday night.
It's going to be interesting to see what develops at that hearing.
About 60, 000 vehicles a day cross the Interstate Bridge. As
you move north, we probably have 40, 000 at the north limits
of this job. I have a sneaking suspicion that there will not be
a very large representation of those 40, 000 drivers at that
hearing. We have one intersection that in eight months has
tabulated 134 rear-end type accidents. It is a little short slip
ramp, and the first guy takes off and then chickens out and he
gets rear-ended by the car behind him. I wonder how many of
those people that use it are going to be at the hearing and support
the plan to upgrade Interstate 5? What we are going to get are
the property owners who live adjacent to the freeway. They
don't like it basically because it infringes on their rights of
ownership. I would like to put in a plug for a writer by the
name of Robert Ardrey, who wrote African Genesis and Territorial
Imperative. If you want to understand a little better some of the
human reaction, I recommend these two books. They point out
some of the reasons for opposition. There will not be much
testimony from the citizenry speaking in favor of the plan. Some-
one who is reviewing the transcript of the hearing from some
distance may not recognize all the problems, and we could con-
ceivably assume that the community is against it, so let's drop
it. I don't think that is going to happen, but it will be interesting
to see the results of this particular hearing.
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We have attempted and will continue to try to draw out the
individual citizen. it is incumbent upon city and county govern-
ments and the staff members to at least make their position known.
My headquarters office requires a certification from me, and I
have no qualms about signing a blank check. They want me to
make a statement that there will be no organized opposition to
our plan at the hearing. That's fine. When we take the hearing
processes to the extent that we try to wire them and don't have
any objection, then I suspect that we are not doing our job; we
are not getting the full feel of the local community. Hopefully,
as we wrestle with this problem and can get mo re participation
from the citizens, we will have seen the evolutionary processes
of hearings. We are in the hearing processes because the people
have, over the years, developed less reluctance to appear and
speak their piece. We can try and work toward the best of two
worlds and provide a highway system, a network of highways
that will accomplish the needs of the traveling public and the
needs of the community.

There is a myriad of problems that are attendant to this.
We intend to continue our efforts to contact local citizens and
local groups.

The utilization of public hearings provides a better under-
standing of highways and highway projects and the problems
involved, and maybe we do a little bit better job by giving the
public a chance to contribute to our highway project. Hearings
as we know them today will no doubt change in the future, but
we should use them to secure a better understanding of community
needs and wants.
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As you may be aware, in the topics program for cities over
fifty thousand, there is a requirement to receive aid on a completed
planning process as set forth in the Transportation Act of 1962.
For cities under fifty thousand, there needs to be developed a pro-
gram of cooperation between the city and the state, due considera-
tions being given to the traffic in the urban areas. The plan must
be coordinated with the other forms of transportation.

In this whole program there is a need to look at the planning
process itself and the elements, and I will briefly mention them.
A plan for an area requires as a minimum a population forecast,
a land use plan, a thoroughfare plan which is based on the popula-
tion forecast, the possibilities of mass transit transportation in
the area. It is my intent in the remarks this morning to develop
this planning element a bit more, because I think that understand-
ing it, and understanding its relationship to the topics program,
and for that matter other programs, draws into focus some of the
issues and the complexities.

A development plan then is intended to set broad community
objectives and adopt policies to carry out these objectives. Of
necessity, when dealing with traffic, with land use, with school
interest, etc., there are conflicting objectives. I think one of the
jobs in developing a planning program is to resolve these conflicts.
For example, many times in a congested situation there is a
change from a two-way street system to a one-way street system.
Quite obviously when this begins to move through residential neigh-
borhoods some serious conflicts arise in those neighborhoods with
respect to the destruction of the livability of the areas. This needs
to be reconciled with your objectives and traffic.

In my judgment a comprehensive development plan document
is a political document that should be adopted by the council, not
just by the staffs or by the Planning Commission. There should
be a policy guideline for action by the Council. A planning develop-
ment program includes policies which have in them a course of
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action to take. Planning involves engineering and other disciplines.

Fifteen years ago I think the engineers felt they had the major
responsibility to do the planning projects. I think that as the urban
areas get more complex and the issues more complex, it is obvious
that other disciplines are required as well. I think engineers should
play an important role in the formulation of a comprehensive plan
and program, but should not feel that they have the major responsi-
bility for it. They play a role, but not all of it.

Once general objectives are set for a community development
plan, and it is adopted in a preliminary way, then you begin to
move into these general objectives which are stated in broad terms.
I realize sometimes we get a little disgusted with dealing with broad
terms; but at least sitting on the Council the limited time I have, it
is clear to me we are not thinking about these broad objectives when
issues come before the Council. So stating broad objectives and
getting the program going within that context is important when you
begin dealing with things like the population forecast and the econ-
omic prospects for an area.

Try making an economic prospect or an economic forecast
for the Seattle area right now, and I am sure it would be anybody's
guess as to what is going to happen. Generally, in a situation
which isn't quite as critical as Boeing, you can realistically develop
some forecasts and whether the timing is one year, five years, or
ten years, you deal with land allocation for industry and other main
activities. Land allocations for that purpose are going to come
sooner or later, so you change your timing schedule of getting things
accomplished in order to meet them if things speed up or slow down.

The land use plan generally contains the housing, commerce,
industrial areas, semi_public facilities, and the transportation
plan you are all familiar with. In addition, there is a need for
public buildings and a facility plan which generally includes schools,
parks, recreation, and other public buildings such as warehouses,
shops, and the like.

As I indicated earlier, to have any plan that has any meaning,
there is a need to have a program to carry it out. That program
generally includes the adopting of zoning ordinances, sub-division
regulations, a capital improvement program with a priority within
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the capital improvement program. Those priorities can include
priorities for streets, sewers, water, parks, schools, street
lighting, and a whole range of public buildings. It involves citizen
involvement and citizen participation in what goes on in the corn-.
munity. More and more you are beginning to see, in at least
many areas that are beyond what could be called direct technical
solutions, the need for citizen involvement and helping in the
judgment of what takes place.

The judgment that is finally involved on how land develops
and the intensity of land development has a direct effect on the
volume of traffic that is generated out of any area. If you set a
density of three or four families per acre and the area develop-
ment forecast and the traffic system are based on that, and you
later change the density to Z5, 30 or 50 units per acre, quite
obviously the amount of traffic you generate is greatly increased.
Hence, your judgment on what should happen should be revised
accordingly. No major change like that should be made unless
the traffic engineer is involved in the analysis and the under-
standing of the impact of what takes place. It seems to me when
you are looking as traffic engineers at this question of land use,
you have a real stake in being careful what happens. You only
need to look at all the intersections around the major inter-
changes and other areas to know that how the land is used has a
great effect on whether vehicles move through easily. You only
need to look at some of the areas to know that this is a major
factor, and that zoning as a device to control that use has failed
for the most part. The public policy that has been adopted in a
land use plan is highly relevant to the way streets can safely
move high-volume traffic.

Another regulatory measure, the sub-division regulations,
should be carefully studied to judge what is going on and the
procedures followed. By proper design of land sub-division, T
streets, lots backing up onto the major thoroughfares, adequate
right_of-way and getting it at the time the sub-divisions come in,
changing streets from 60 to 80 or lZO feet of right-of-way are
all ways that the sub-division regulations can be used to enhance
a street program. In my judgment, a new developing area is a
major place where you can have a significant and constructive
influence.
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You can raise funds by increasing rates on things like sewers;
you can look at allocations such as King County is receiving in
the way of gas tax and ask whether in terms of priorities all the
money that is spent on road improvements in King County is
being spent in accordance with the problem areas, and whether
some or at least more ought to be placed in Seattle. You could
ask the same in Pierce County as to whether more of those funds
should be placed in Tacoma.

Where the money goes should be determined by some system
of analysis and priority developed on an objective basis. It should
be taken more and more out of the political arena and into the
merits of the particular problem. It can be applied to dealing
with streets in general and finally dealing with the allocation of
resources for solving the problem of moving people in the metro-
politan area, and even broader than that, developing an adequate
place for people to live and move from one place to another.
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I might start out by advising you that I come to you not as an
expert this morning but rather as one who is trying to share with
you some of the agonies that the city of Eugene is going through
right now in trying to get a Topics Program under way. I do not
have all the answers, but I can tell you some of the factors that
have to be considered and some of the problems we are running
into and some of the ways we will handle them.

My focus this morning will be to, among other things, define
for you as I see it the Type 2 system, show how the Type 2 system
is selected, make some comments perhaps on why the Type 2
system is really necessary to begin with, and indicate what the
Topic1s project really is.

First of al],what is Type 2? Type 2 is not a mystery really.
It is a new FederaLaid system that has been established through
an act created by Congress, in which all primary routes, which
are state routes and Federal-aid secondary routes, are now being
classified as primary Type 1 routes. Then there is a new Type 2
system being developed, which will also be eligible for Federal
participation on construction. This new Type 2 system will in-
clude, among other things, arterials and major streets. The
Federal Government definition of an arterial is a principle route
providing for direct service of through traffic to principle traffic
generators and inter-connecting such generators.

The new Type a system will also include,and should most
certainly include, streets in the central business district. Also
it must necessarily include some limited street grids in other
areas that may show particularly heavy concentration of traffic
or may be expected to show some particularly heavy concentra-
tions of traffic in the future. These Type 2 systems have a require-
ment that they must logically connect to another primary, another
Type 2, or terminate at the urban boundary or the city limits. In
addition, they may run from a primary or a major generator which
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might be a large shopping center to a primary or another Type 2
system.

I will show some slides of the street system in the city of
Eugene. Most of you know Eugene fairly well and probably
recognize particular streets in the area.

The one shown here is Highway 99 business route (99 West)
which comes through Eugene north of the central business district,
then goes on out to the northwest. This is an example of primary
Type 1 classification. The purple route is part of the interstate
system, which in this case, is Interstate 105. The streets shown
classified as a Type 2 system are basically through streets.
For instance, one of them is Willamette Street, another Hilyard,
and so on. Also, these streets shown as Type 2 would be carry-
ing the heavier traffic flows. You would not classify this street
as a Type 2 since it only collects traffic from this residential
area and the total volume would be low. Basically, all that should
be on the new Type 2 system is your existing arterial networks.

The slides have given you an idea approximately what a
Type 2 system looks like. Traffic volumes on the new Type 2
should be high enough to justify being on the Type 2 system
either now or in the future. In our case, since we are pretty
well along in an area transportation study, we did have assign-
ments to most of these routes for the year 1985.

Just because one street or location happens to be a political
problem doesn't necessarily mean that it automatically gets on
the Type 2 system as far as I am concerned. I think, again,
you have to keep in mind that the Type 2 system is going to be
checked by the State and by the Bureau of Public Roads and if
they do not agree with your system, part of it is going to be
thrown out.

I have shown you briefly what a Type 2 system is, Let us
discuss Topics projects now. Actually the projects in the PPM
are described in 11 different ways, but I think that primarily
the most common project would be signalization (either brand
new signals or signal modification), and occasionally this would
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be associated with intersection widening arid channelization.
It can also, if you have justification (and it comes up high
enough on your priority), include highway lighting and it most
certainly can include corrrection of intersection which may
have a volume or turning movement problem. These projects,
according to the PPM, are supposed to be selected after an
inventory and a Topics plan is made. I would point out that
within 18 months the City of Eugene will complete the inventory
and Topics plan. In the meantime we have recieved preliminary
approval on our Type 2 system and are proceeding with actual
construction of projects. Obviously the construction projects
that we have underway during the 18-month period, are going
to end up on the top of the final priority list. Keep in mind
that there is the requirement that within the 18-month period,
you must complete the inventorying and come up with your
plan. Among the inventorying that is pointed out in the PPM are
various things such as measuring traffic volumes, peak hour
traffic volumes, both in the a. m. and p.m., peak hour a. m. and
p.m. traveling speeds on the various parts of the network, present
controls in the way of signals, parking restrictions, etc., on
that particular route, right-of-way width, accident statistics,
classification of vehicles, practical capacity, and transit
information. How I am going to do all this on the system that I
showed you? As far as I am concerned, I am not going to.
Based upon discussions that I have had with the State and Bureau
of Public Roads, we will do such things as measure traffic
volumes, etc., to the point that I can identify where most of
the problem areas lie. Quite frankly, if I dont already know
where most of my problem areas lie, I might as well leave the
City of Eugene right now.

Once you have established these problem areas, then you
are going to have to do some detailed studies in these particular
problem areas, and those studies are going to have to conform
to the requirements of the PPM. Obviously, when you really
think about it, you require this data anyhow to make a good
eingineering decision on what you are going to do at that particular
location, so what they are telling you is what you should be doing
anyhow. After you have done all this inventorying, identified
your problem areas and the corrections that are necessary at
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these locations, then you, of course, will establish priorities.
We have not decided how our priority system is going to be
established. I do think that you are going to have to set the
priorities based upon benefits, primarily probably to the public,
and I am sure that there are some other categories that will
have to fit in there.

Just what benefit is all this work going to be to the City of
Eugene? It may look like quite a bit of work just to get a little
money, but really is it a little bit of money? Where else at
the present time in the Department of Transportation can you
people get a set_up that quadruples your construction effort
capabibility in traffic safety as it relates to intersection
channelization, signalization, and so forth? Just for the City
of Eugene, based upon the expenditures for the past couple of
years, we will quadruple our efforts easily. If we get matching
money budgeted by the City Council for the next fiscal year,
and if a lot of you people do not get on the train, we expect to
partake of some of the money that is going to be coming back up
the pipeline. I know Don Bergstrom and Bill Stark are thinking
the same thing.

Of course we do not expect that all you people are going to
participate in Topics; therefore, even though we are allocated
$225, 000 a year, we have to assume that we are going to have
to be able to lay claim to more than that for the two-year period.
Maybe a lot of you people will prove me wrong, I dontt know.
I would say that as far as I am concerned, any system that
benefits the traveling public as much as the Topics Program is
going to, I have a responsibility to see that we get the maximum
dollar amount available that is coming to Eugene.

Let me give you some examples of the projects that I am
talking about and thinking about. Two of them are on a corridor
which is a state highway. One involves a new signal at an inter-
section on the state highway with a Type 2 route in which there
is an Oregon Electric crossing within a few feet of the intersection.
We have had several fatalities on that crossing, plus several
injury accidents. This one project which we have been dragging
our feet on building was really made available through the use of
the Topic funds and it will, of course, have material benefits
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to the traveling public. The second one in the same corridor,
at Roosevelt and Highway 99, will include a complete revamping
of signalization which is now an old three-phase system. We
have severe back_ups in the evening because the north-bound
left turn pocket fills up and the south-bound left turn pocket
stays red for the north-bound just as long as the south-bound
pocket is moving until we reach a maximum time limit. The
side street at that particular location has no curbs, free access
anywhere you like, and there is a capacity problem. This is an
example, I feel, of the benefit that will be derived again by the
motorist through the use of Topics funds. In Eugene it will let
us tackle projects which we would probably not tackle otherwise
because of the initial dollar magnitude. In other words, if we
would have done them on a fifty-fifty basis on a state highway
with the State, it would have meant that we would have had to
bankroll some matching funds for a couple of years in order to
do that. Franklin Boulevard, out by the University of Oregon,
is going to require a major job in order to get a system set up
that is responsive tO the different traffic flows. This job will be
expensive and was expensive enough that the city would not have
been able to come up with the matching money, but with Topics
this type of project will be able to go forth and material benefit
to the public will occur.

Necessarily my comments to you this morning on Topics
had to be brief and gloss over a lot of the headaches and work
involved. I have already told you about the fact, but again remem-
ber that you do have the 18-month provision in the law which allows
you to proceed with Topics projects as long as you do have a
plan and you have complied with the rest of the law, so don't
necessarily let the inventory problem stop you. I am sure there
are a few of my friends from the consulting field that are sitting
right here in the audience that would be glad to do the inventorying
for you, as long as you pay them, of course. I think, too, that
I would like to comment upon the cooperation, very good cooperatic
in my opinion, that we have received to date from both the Bureau
of Public Roads and the State of Oregon, realizing that they are
trying to get a new program going themselves and do not have
all of the answers. I would caution you also to consider the fact
that Topics will probably continue after the initial two-year funding
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period, provided you and I do a proper job of enumerating
the benefits through the use of proper traffic engineering before
and after studies. Let us not forget that the Department of
Transportation has a Congress to sell also on the Federal level
as far as funding goes. You people at the city level are going
to have to do some work, obviously. This money is just not
going to come down out of the heavens like manna. You have
to do something to get it. You are going to have to put forth a
few tears, blood, sweat, and so on.

I have indicated that we are generally happy so far. There
are, however, in the State of Oregon some clouds appearing on
the horizon as far as I am concerned. There are a couple of
provisions that the State Highway Commission placed upon Topics
in Oregon that I personally (speaking not for the City of Eugene
and the administration at this point) do not agree with. But
again, hopefully, some of these problems will be ironed out
as time goes on; and I would like again to publicly thank the
State and Dick Unrein for the cooperation and help they have given
us and are going to give us in the future.
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Mr. Chairman, Members of the Panel, Gentlemen: It is a
pleasure to be here and be a part of the discussion that will be
held about the Topics Program. We have been attempting to
get this program under way in the State of Washington for
several years. As you know, about four years ago when the
Topics Program first was initiated, there were no Federal funds
directly allocated to the Program. In addition to the funding
problem, however, Washington has a statewide classification and
needs study which started about the same time that the Topics
Program did. Also, at approximately the same, $Zo0, 000, 000
Arterial Road and Street Program was started. These latter
two projects took up all available engineering time of the local
agencies, so that it was almost impossible to prime the Topics
Program and get it under way. Since the Topics Program has
been funded with a direct allocation of funds, we have made
some headway. We have 16 different Urban Tentative Type II
Arterial Networks approved. We have a total of approximately
$1, 750, 000 worth of Topics projects ready to go. This dollar
total includes both Federal-aid and local participating funds.
In the City of Seattle we have two pedestrian overcrossings,
a series of signal installations, gore area protection devices,
and a median barrier approved for preliminary engineering and
construction, so we do have a start.

Before getting into the consultant procedures, I would like
to make a couple of comments relative to procedures that we
have developed in our State. As you know, any area having over
50, 000 population requires approval from the Regional Transpor
tation Conference for any Federal-aid project. Mr. Roe Rodgers,
who is the Division Engineer of the Bureau of Public Roads in
Olympia, is on the Policy Committee for the Regional Transporta-
tion Conference. Mainly through his efforts the Regional Study
Group approved a skeleton Type II System for the Puget Sound
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Region. This is a Major Arterial Type System and is integrated
with all levels of government. Any development beyond this at
the local level is determined to have no regional interest. I
think this is a big step, because we do not have to go to the
Regional Transportation Conference for approval of each local
system as it is developed. The Regional Conference did the
same thing for construction projects, as they felt that intersection
improvements to improve capacity and safety would not have
regional significance and that they had no desire to review these
types of projects. This again is a time-saving procedure.

The State Aid Division developed a manual for the Topics
Program that was distributed throughout the State. Unfortunately,
we are out of print of these manuals and I have only a sample or
two available for the review of anyone interested. We are in the
process of revising and bringing it up to date. This manual
includes such information relative to the evaluation of the
Comprehensive Urban Transportation Planning Process, criteria
for selection of Type II System, Coordination of Tentative Type II
System on a regional basis, approval of Tentative Type II System,
preparation of study pospectus, funding for Topics Study, devel-
opment of area-wide Topics Plan, approval of the Topics Plan,
preparation of plans for Topics projects and Municipal Agree-
ments, funding for Topics contracts, evaluation study, annual
report and qualifications, selection and payment of consultants.

Consultant services maybe financed with participating Federal
funds for preliminary engineering as well as design and construc-
tion engineering. While the rules governing consultants on federally
financed projects are stringent, they are not difficult to comply
with. The Bureau of Public Roadst Policy and Procedure Memo-
randum 40-6, dated August 23, 1965, relative to "Employment of
Consultants for Engineering Services" covers the ground rules for
selection of and manner of payment to consulting firms. This
Policy and Procedure Memorandum sets forth the requirements
for qualification and selection of consultants. Federal approval
may be obtained by certifying to the State that the local agency
had, after a logical procedure, selected the consultant with con-
sideration for the following items:
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a. The consultant is qualified professionally to perform
the engineering services required.

b. The consultant will have properly trained and exper-
ienced personnel available to perform the services within
the time prescribed.

After approval by the State and the Bureau of Public Roads,
the next step is the submission of the consultant's proposal con-
taining the scope of work and terms of payment. PPM 40-6(4) -
Determination of Payment - Federal regulations require that the
basis of payment set forth in the contract should be one of the
following:

a. A lump sum.

b. A cost per unit of work (or cost per mile).

c. Actual costs of the consultant plus a fixed amount.

d. Specific rates of pay for each class of employee, etc.

For the purpose of instigating a Topics Program, it has
been determined that the most feasible and fair way to negotiate
a contract for preliminary engineering required to establish a
Type II System with its necessary inventories, analysis, etc.
is to use actual costs of the consultant plus a fixed fee. This is
based upon the fact that there are too many unknown factors to
utilize either the lump sum or unit cost method of payment. With
the preferred method, the consultant is paid for actual direct
labor costs, indirect labor costs (overhead), plus a reasonable
profit which is his fixed fee. On top of these items, he is reim-
bursed directly for out.of-pocket expenses; i. e. , travel, per diem,
communications, etc. In order to justify the reasonableness of
his proposal, an estimate of man hours and hourly rates must be
made either by the State or local agency. To this figure the
consultant should add his payroll additives to arrive at his total
direct labor cost. The additives will vary according to the con-
sultants operation, but generally they should be 25% or less of
his direct labor cost. Items to be considered as additives will
be leave, retirement, social security, medical, etc.
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The indirect labor costs will be based upon the consultant's
past records and will include such overhead items as principal
fees not directly attributable to the specific job, clerical work,
cost of office space, advertising, and generally any operating
cost not chargeable to a specific operation. Care should be
taken to see that State and Federal income taxes, interest on
borrowed capital, uncollectable charges to clients, project
development costs (other than costs of attendance to meetings
for precontracual negotiations relative to specific contracts) are
not included in items related to indirect costs. These items are
not allowable as such and have to be included in the consultant's
profit which is set apart as his fixed fee. As stated before, indirect
costs are a function of the consultant's operation and are substan-
tiated by his past records. A rule of thumb for indirect costs as
a function of direct costs, plus additives, indicates that this figure
may reasonably lie between 50% and 75%. Whenever this figure
exceeds 75%, it may be necessary to more closely examine the
consultant's records to substantiate this.

To the direct labor cost plus additives and indirect labor
costs, a sum should be added for the consultant's profit. This
sum is the fixed fee as called herein, and represents the agreed
upon amount set aside in the contract for reimbursement to the
consultant over and above his actual expenses. Thus it becomes
readily apparent that, even though the direct and indirect labor
costs may vary due to the undertain nature of the man hours esti-
mate or other governing factors, the fixed fee remains constant.
The only immediate factor which will affect this will be a change
in the scope of work which will necessitate either another agree
ment, or a supplement to the original. Here again, the fixed fee
may be expressed in terms of percentage, but only as a means
of checking the reasonableness of the consultant's proposal. The
percentage will vary with the type of operation and the size of the
project. Generally speaking, a fixed fee, or profit, between 10%
and 20% of the combined sum of the direct labor cost plus additives,
and the indirect labor costs, seems reasonable.

Direct non-labor charges are out of pocket charges that are
chargeable directly to the consultant's operation within the scope
of his contract for which he will be reimbursed upon billing the
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agency. No profit is allowed for these items and they include
such charges as travel and per diem, reproduction expense,
computer expense, communication, sampling and testing, out-
side consultants, etc. These charges, together with direct labor
charges plus additives, indirect labor charges, and profit (or
fixed fee), constitute the total fee which the consultant will make
a part of his proposal to the agency.

It will be well to note at this time that no Federal reimburse-
ment will be made for any work done prior to authorization by
the Bureau of Public Roads and funding by the State.

When county or city highway departments utilize consultant
services with participating Federal highway funds, the State is not
relieved of its responsibility to theF'ederal Government and be-
comes a party to any agreement made with the consultant along
with the local agency. Among items to be covered in the body
of the agreement are the following:

1. General description of work.

2. Scope of work.

3. Time of beginning and completion.

4. Payment.

5. Employment.

6. Changes in work.

7. Termination of agreement.

8. Disputes.

9. Legal relations.

10. Maintenance of office.

11. Subletting or assigning of contract.

12. Endorsement of plans.

13. Certification of parties.
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There are many people in the highway industry that do not
believe the Topics Program is limited. Nobody knows for sure,
of course, but many do, as I say, believe that this program could
become a major one throughout the United States. It is one that
could very easily be developed as a After Interstate Program. It
is a program that is becoming quite popular as the local agencies -
city and county - are actively engaged in developing it.

I would like to take this opportunity to thank those people
with the Federal Highway Administration and the Bureau of Public
Roads who have cooperated and given us all the assistance possible
in aiding us in the interpretation of the rules and assisting us in
establishing procedures for this Traffic Operation Planning to
Increase Capacity and Safety Program.

151



1 5Z



PANEL DISCUSSION

SAFETY AT LOW COST

Presiding: Elmer J. Leland

1 53



1 54



SAFETY AT LOW COST

by

Glen Yake

(Paper not available for publication)
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Structural Esthetics

by

Tom Edwards

Aesthetics is defined as the science of the beautiful, in taste
and in art. Its application to structures is not new. In the first
century B. C. , the Roman Engineer and Author Vitruvius wrote
the following:

There are three classes of public building. The first
for defensive, the second for religious, and the third for
utilitarian purposes. All these must be built with due refer-
ence to durability, convenience and beauty. Durability,
convenience and beauty. Durability will be achieved when
foundations are carried down to the solid ground and mater-
ials wisely and liberally selected. Convenience, when the
arrangement is faultless, and presents no hindrance to use,
and when each class of building is assigned to a suitable and
appropriate exposure, and beauty when the appearance of
the work is pleasing and in good taste, and when its members
are in due proportion according to correct principles of
symmetry

To these words of taste, beauty and art, we would add that
each structure should have its own grace and charm. For many
years just past, I do not consider that structure design has been
viewed in its proper light. The materials, per se (the concrete
and the steel which went into the make-up) were and still are
expensive when compared with yards of dirt or rock or tons of
asphalt. Particularly in our nation the cost trends have dictated
and, in fact, encouraged, the use of austere, angular, repetitive
designs with almost complete elimination of any architectural
embellishment. This trend is not one of recent development,
nor of local origin. Dialogue with our counterparts in other
States and other nations indicate that it is universal.

There have been two particular instances in which structure
design had serious shortcomings. The first was in width -- too
many bridges were built too narrow to meet the demands of our
changing times. This, in my view, was an extremely flagrant
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shortcoming. For too long, bridge engineers have estimated
costs on a square-foot basis and have applied the square-foot cost
of the entire structure to the problem of determining the cost of
additional width. This is wrong. Very little extra cost is occa-
sioned in foundation excavation and foundations, per se, and very
little extra cost in beams. There is no extra cost in handrail.
For these reasons, I think the method of analysis has been wrong.
Fortunately, the trend has changed and we now build structures
full shoulder width in all instances.

The second major shortcoming in design has been that of
length. Too many times flood conditions have taken out bridge
approaches and, in many instances, bridges themselves, simply
because the opening was insufficient. The excuse has always
been 1This was a major flood which will not occur again. This
is a fallacy which the thinking engineer cannot live with. There
have been floods in the past - - there will be floods in the future.
The designer's job is to meet the demands.

A third shortcoming has been that of aesthetics, as men-
tioned previously, and it is to this facet that I wish to address
myself. The design of a bridge differs considerably from the
design of a building or a house and it differs from the design of
a landscape as normally pursued by a landscape architect. In a
building, or a house, or a park, there is an unlimited area for
thought in the selection of the theme in producing the final concept.

In the design of a bridge, this is not always true. In instances
of long bridges or, more properly, long-span bridges, there is
some latitudeS Concepts can be controlled and a selection made
which combines grace, charm, and beauty with functionalism.
However, the bulk of the designer's work is contained in short-span
applications.

The construction of a small bridge quite quickly divides into
four components - - namely, the footings, the columns, the beams
or trusses, the deck and handrail. In the application of aesthetics,
the footing is a lost cause. Invariably, it is buried and not worthy
of any further consideration. The deck has no possibility of beauty
because a deck is a deck is a deck, the same as "a rose is a rose
is a rose. " The handrail has minor possibilities. Its prime
function is one of safety in retaining the traffic on the bridge.
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For many years the designs were not open and served only to hide
the view from the bridge. This has been corrected in recent years.

This leaves, then, only two major segments of a bridge with
which the designer can express himself - - namely, the colunms
and the beams or trusses. The number of columns should be
held to a minimum. No single thing detracts from the appearance
of a bridge as much as an excessive use of spindly columns.
There has been a tendency at times to put a spindly, square
support under each beam. This may be great for economics, but
certainly not anything helpful in the way of aesthetics.

Each bridge is different, so a true comparison is hard to
achieve. However, I have compared the Market Street Bridge
in Salem on 1-5 with the Burnside Bridge across 1-405 in Port-
land, which have comparable width. Under the Market Street
bridge there are 1Z columns, containing 58 yards of concrete and
6, 700 pounds of steel from footing to beam bottom. Under the
Burnside Bridge there are three columns, containing 6Z yards of
concrete and 8, 300 pounds of steel from footing to beam bottom.

While neither of these could be considered as an example of
great architecture, the three-post design is, however, greatly
superior to the twelve-post design. It should be noted that the
principles of true symmetry are very difficult to attain in a nor-
mal overcrossing structure due to the limited height with which
the engineer has to work. Higher piers or supports provide a
greater latitude for expression. The beams or trusses or arches
which support the deck provide the greatest area for expression.

There is no set rule with which to measure the probable
reaction to the final result. Some designers still prefer the
angular, straight-line type structure; some prefer the curved
approach. I personally lean toward the latter school, inasmuch
as I believe curves in their proper places are much more attractive
than straight lines.

More important than the actual configuration of the beams,
per Se, is the application of the proper principles of symmetry.
All too often, in designing structures, the designer will make use
of all of the beam depth space which is available to him. This is
commendable from an economic viewpoint, but most certainly not
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from an aesthetic structural approach. Preferably, the slender-
ness ratio or depth ratio should be in the 27:1 ratio.

At this point, the designer is sometimes caught on the horns
of a dilemma, particularly in our own design shop.

The deflection and the slenderness vary in inverse ratio to
each other. We have examples where deflection was such that
working on or underneath the bridge was extremely uncomfortable
and where maintenance was high because of this reason. It is my
firm belief that a structure with a high ratio of deflection under
live load is a thing to be avoided. The easy way to avoid it without
great increase in cost is through increased structural depth. This
generally tends to destroy the values of symmetry which lead to
pleasing completed bridge appearance.

In establishing the concept of appearance, there are some
bridges which can be eliminated from study. For instance, short
structures over small creeks or irrigation canals or, for that
matter, over railroads in remote areas which will not be subject
to public view, merit no specific architectural treatment. How-
ever, for each bridge which is subject to public view a study
should be made of various types through the use of architect's
sketches. These should not be taken lightly or quickly dashed
off as a 10-minute exercise, because this is the place and the
time at which the concept to be turned over to the designer is
determined.

The architect's sketches must reflect correctly the true pic-
ture of the environment in which the bridge is to be placed. The
architect should then attempt to develop a concept which is in
keeping with the surroundings from which the bridge is to be
viewed. Design and placement should be such that the structure
should not be considered as intruding upon the area, but rather
should be brought into being as an integrated unit of the surround-
ing environment, if possible in a manner to leave the impression
that the whole scene had its orgin simultaneously, rather than to
bring about the appearance of the bridge intruding upon the scene.
In general, bric-a-brac should be avoided, particularly in rural
areas, for reasons both economic and aesthetic. A bridge in prox-
imity to the French Quarter in New Orleans could very well be
adorned with an ornate grill-work type handrail. Such a thing
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would definitely be out of place on a bridge over the Little Big
Horn River in eastern Montana.

In these days of continuing programs, such as the Inter state,
another point must be carefully considered in preliminary design.
This is the matter of repetitiveness. Bunching a series of over-
passes over a freeway into a bundle like bananas in the hopes of
securing a low bid may be good economics, but it is rotten aes-
thetics. I have been guilty of this and may be so accused in the
future, but not if reasonable practices can prevent it.

One final point I would stress in bridge aesthetics is that care
should be taken to break up broad flat expanses of concrete. This
usually can be accomplished at very low cost while securing a
double benefit. First, the glaring, broad expanse is given a
quieter sort of appearance and second, the construction joints
are effectively camouflaged.

In summing up, then, it comes generally down to a simple
principle that aesthetics can be secured with about the same
amount of materials and about the same workmanship, but more
careful selection of the way that it is stacked.
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Skid-Proof Pavements

by

John L. Beaton

Trtvrv1iirt ,-,ri

The term "slippery pavement" has been defined by Kumn-ier
and Meyer in their report titled "Tentative Skid-Resistance
Requirements for Main Rural Highways." They state that
"Although it is generally true that a slippery pavement is condu-
cive to skidding accidents, it is by no means correct to assume
that a skidding accident automatically indicates pavement slipperi-
ness. Skids that are due to excessive speed, smooth tires,
unbalanced brakes, poor geometric design of the highway, or a
"rough" or inattentive driver jerking the steering wheel or slam-
ming on the brakes, cannot be blamed on the pavement surface.
On the other hand, skids that take place at normal traffic speeds
with well-treaded tires and vehicles in good mechanical condition,
particularly if they re-occur at the same location, most definitely
suggest pavement slipperiness. Thus, when the term slippery
pavement is used it is with the understanding that all other factors
involved are normal or nearly so and that they do not significantly
contribute to any skidding which might occur."

It is probable that from a technological viewpoint, the slipperi-
ness problem could be solved by improved geometric design of
highways, improved specifications and construction procedures
for road surface textures, improved design of tires and vehicles,
rigid inspection procedures that would keep vehicles with smooth
tires and faulty brake and suspension systems off the road, and
the adoption and enforcement of different speed limits for dry and
wet conditions as well as for day and night_time driving. How

1. Highway Research Board NCHRP Report 37.
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many of these things can be implemented, of course, depends upon
the economics involved, as well as the technical solutions. It is
probable that the automobile and the driver are the most important
factors involved in any skidding accident. However, insofar as
this discussion is concerned, it is limited to pavement slipperiness
rather than the overall field of skid accidents.

As such then it appears to me that the subjects of importance
are: measurement of pavement friction, development of realistic
skid resistance coefficients, reconditioning of worn pavements
so as to improve their friction levels, construction techniques to
insure specific friction levels of new pavements, pavement wear
and the factors involved in specifying aggregate and construction
quality requirements so as to lengthen the service life of our pave
ment surfaces, and interface characteristics between the tires and
wet pavements.

Any discussion of skidding should consider the NASAZ work
in separating the two different types of loss of traction on wet
surfaces, namely viscous and dynamic hydroplaning. Viscous
hydroplaning occurs when a thin fluid film is on the pavement, and
presently used methods of measurement for skid resistance deal
with this form of loss of traction. Dynamic hydroplaning occurs
when the pavement has a substantial thickness of water, approxi-
mately 0. Z inch, on the surface. Present methods of measurement
do not provide an adequate indication of potential dynamic hydro-
planing. One of the most important problems connected with loss
of traction by viscous hyroplaning is the determination of a mini-
mum coefficient of friction value for remedial action.

Measurement of Pavement Friction

While the California Division of Highways has recently pur-
chased and is starting to use a lock wheel skid trailer conforming

2. Home, Walter B., and Leland, Trafford 3. W., "Influence of
Tire Tread Pattern and Runway Surface Condition on Braking
Friction and Rolling Resistance of a Modern Aircraft Tire.
NASA TN D-l376, 1962.

167



to ASTM-E274, all of our work up to the present has been done
utilizing our California Skid Tester. 3

The California Skid Tester used in determining the coefficient
of friction of pavement surfaces is a portable device which was
calibrated against a towed trailer constructed by Professor R. A.
Moyer of the University of California. Previous studies by
Moyer and others, indicated that the lowest skid-resistance value
for any given surface would be attained when the brakes are locked
on a vehicle having smooth tread tires on a wet pavement with
speeds around 50 miles per hour. It was felt that the California
Skid Tester should be calibrated to simulate the worst conditions
encountered by traffic. Therefore, in the correlation test program,
the coefficient of friction values obtained from the Moyer unit
using locked wheels, smooth tires, wet pavement, and a speed of
50 miles per hour were compared to our readings obtained with
a smooth tire, wet pavement, and a tire speed of 50 miles per
hour.

Development of Skid-Resistance Coefficients

In order to make effective use of test results derived from
any form of skid-test apparatus, the engineer must be provided
with recommendations on minimum requirements for deciding on
the necessity for remedial action. It is interesting to note that
there is a large volume of literature on skid-resistance measurements,
but few recommendations for critical values that would be of aid
to the engineer who must decide whether steps should be taken to
improve the skid resistance of a given road surface. Remedial
action must be taken before the road surface is excessively slick,
so any value must be set high enough to allow for programming

Hveem, F. N., Zube, E., and Skog, J., "California Type
Skid-Resistance Tester for Field and Laboratory Use. ' Pro-
ceedings First International Skid Prevention Conference,
Part II, 1959.

4. Moyer, R. A., "Recent Developments in the Measurement of
Road Roughness and Skid Resistance. " Proceedings of the
Association of Asphalt Paving Technologist Vol. 20, p. 42, 1951.
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and accomplishment of the repair.

During the period of 1950 to 1958, Professor Moyer determined
the skid resistance of a large number of different paen5ents in the
road system of the California Division of Highways. On the
basis of this survey it was decided to tentatively use a value of
0. 25f for a minimum value.

Since our available information on accident frequency corre-
lation with skid resistance of the surface was very limited, it
seemed desirable to obtain as much information as possible from
the studies of other investigations. Two of the most complete
studies are from the work of C. G. Giles in England and T. E.
Shelburne in Virginia. Unfortunately the equipment used in these
studies was different from that used by us. In order to make use
of information attained by Giles and Shelburne, we obtained a
British Portable Tester which was6used in a comprehensive acci-
dent analysis in England by Giles, and atta,ned a correlation with
the California tester. Also, D. C. Mahone presents a correlation
between the British Portable Tester and the Virginia test car.
This correlation permits a comparison with the lowest coefficient
proposed in Virginia as well as in England as shown in Figure 1.

The analysis leads to the conclusion that California pavements
having California tester skid-resistance values above 0. 30f should
definitely be satisfactory. Based on the fact that England and
Virginia receive more rains than California it seems logical to

5. Moyer, R. A., "Effect of Pavement Type and Composition on
Slipperiness, California Experience. " Proceedings First
International Skid Prevention Conference, Part II, 1959.

6. Giles, C. G., Sabey, B. E., and Cardew, K. H. F., "Develop-
ment and Performance of the Portable Skid-Resistance Tester.
British Road Research Laboratory Technical Paper No. 66, 1964.

7. Mahone, D. C., "A Correlation of the British Portable Tester
and the Virginia Skid-Test Car. ' Virginia Council of Highway
Investigation and Research, May 1961.
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conclude that readings on the California tester above 0. Z8 should
be satisfactory for probably all sites with the possible excepion
of curves. This correlates reasonabl also with Marshall's work
in Florida and other work in Virginia.

The above noted correlations were very encouraging, and it
was decided to initiate further studies involving skid-resistance mea-
surements at wet-weather accident sites on California highways.
Unfortunately the California Highway Patrol accident report does not
require the officer to determine if skidding was involved in the
accident. However, the officer, in his observations, may note
that skidding was a factor in the accident. Therefore, accidents
occurring during wet weather involving only one vehicle with no
recorded defects foi either driver or the vehicle were selected
from all reported wet-weather accidents. Test sites were selected
for this survey on the basis of a concentration area which is defined
as an area of three accidents within 0. 1 miles. A number of these
sites were chosen for skid testing. Other testing work has also
been performed at sites selected by our district traffic departments
on the basis of wet-weather accident information. The results of this
investigation showed the average friction value to be 0. ZZf with none
above 0. Z8f. It is interesting to note from Figure 1 that 0. 28f is
the same as the British minimum for all sites.

Improving Skid Resistance of Existing Pavements

Providing and maintaining a skid-resistant surface is a very
important factor in the performance of any highway. All types of
pavement surface will eventually show some reduction in coefficient
of friction values during their service life. This reduction is
caused by wear and polish of traffic, especially by heavy trucks.

8. Marshall, A. F. Jr. , "Skid Characteristics of Florida Pave-
ments Determined by Topley Decelerometer and Actual Stopping
Distances." Highway Research Board, January 196Z.

9. Mills, J. P., and Shelton, W. B., "Virginia Accident Informa-
tion Relating to Skidding. " Proceedings First International
Skid Prevention Conference, Part I, 1959.
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Bituminous Pavements are normally "skid-proofed" by the
placing of a chip seal or an 'open-graded" seal. This practice
has been very successful on California highways as illustrated in
Figure 2. However, several years ago the California Division of
Highways became aware that some sections of concrete freeways,
especially on curves, were having an unusual number of accidents
occurring during wet or rainy weather. After considering the use
of acid treatment on the surface or the application of a coal tar-
epoxy screening seal coat, it was decided to study the effect of
grooving the pavement.

Grooves may be cut in the pavement in either a longitudinal
(parallel to the center line), transverse direction, or diagonally.
Practically all of our grooving to date has been performed in a
longitudinal direction. We are of the opinion that this leads to
increased lateral stability, and tends to guide the vehicle through
a critical curve aa. This has been confirmed b11studies per
formed in Texas. However, studies in England indicate that
grooving perpendicular to the centerline is better overall practice,
and further effort will be required to resolve the problem.

Groove patterns vary. The most common type is rectangular
in form and may be varied in width and depth and distance between
centers of grooves. Other types have rectangular form, but the hot.
torn is partially rounded, and the edges at the pavement surface are
also rounded. Others have a large V Cut separated by smaller V
cuts.

10. McCullough, F., "Slick When Wet and Field Evaluation of the
Saw Lut Method." Texas Highways - Vol. 10, No. 1, p. 9,
1963.

11. Blake, L. S., "Recent Research and Development on Concrete
Roads, 1964-1967.' The Concrete Society, Limited Terminal
House, Grosvenor Gardens, London.
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A number of patterns have been used in our serration work to
date. l2&l3 This was done in order to determine the increase in
the friction factor, wear resistance, and possible vehicle handling
problems. In all cases the grooves are all in a longitudinal direc-
tion. Figure 3 shows the effect of grooving on the average coeffi-
cient of friction value for the various PCC pavement projects.

A very important characteristic of any treatment for raising
the existing friction value is its resistance to wear and polish
of traffic. Results of friction measurements with time on various
grooved projects are shown in Figure 4. Not enough time has
elapsed on the majority of the projects to draw any firm conclusions.
It appears, however, that the nature of the aggregate and mortar
strength may influence the resistance to wear and polish of the
grooved areas.

A Before and After accident study of our grooving projects to
date indicates that the total accidents were reduced 62 %. Of this,
wet-pavement accidents were almost completely eliminated (90%)
and dry-pavement accidents dropped 21%.

On seven jobs in our District 07 (L. A. area) the cost of
grooving was in the range of seven to nine cents per square foot.
In some other districts the cost is somewhat higher. The best
average is approximately 10 cents per square foot.

Motorcycle and light-car tests clearly indicate that 1/4' x 1/4"
grooves will create problems in vehicle control. It is suggested
that Cuts no greater than 1/8 x 1/8' be used if vertical grooves
are cut in the pavement. 1/8" deepx 1/4" wide V grooves do not
appear to create any problems. Further studies are required be-
fore any specific spacing can be recommended. However, since
approximately equal accident reductions were noted for 1/2" and
3/4" spacing, it is suggested that 1/8" x 1/8" on 3/4" centers be

12. HRB Special Report 101.

13. Farnsworth, E. F. , "Pavement Grooving on Highways."
Langley Conference, NASA SP-5073.
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used. Recent studies tend to indicate that a slightly narrower
groove, 0. 95' (3/32") on 3/4" centers, may be better for motor-
cycle traffic. This pattern is being used in the Los Angeles
area on an experimental basis.

Dynamic Hydroplaning

Essentially, dynamic hydroplaning may be defined as the con-
dition under which the tire footprint is actually lifted off the pave-
ment by the action of fluid pressure and then rides on a fluid film
of some finite thickness. Dynamic hydroplaning has been studied
mainly by4hose concerned with wet-weather landings of high-speed
aircraft. However, some authorities believe that dynamic hydro_
planing may be a factor in uncontrolled skids of automobiles during
periods of heavy rainfall, at least those occurring at high speeds
with bald tires.

The important parameters of significance to dynamic hydro-
planing of aircraft, automobiles, or trucks are the speed of the
vehicle, tire inflation pressure, tire condition, depth of water, and
surface texture.

We have completed a preliminary analysis in an attempt to
determine the importance of dynamic hydroplaning as a cause of
accidents, in order to try to eliminate as many causes as possible
only single-car accidents in 1964 and during periods of actual rain
were analyzed. This was the latest year that records were avail-
able when the analysis was started in 1966. During the year 1964
there were 13, 917 wet-pavement accidents, which was 9. 7% of all
accidents. There were 9,480 accidents during actual rain,or 6. 6%
of all accidents. Of the accidents occurring during rain there were
1, 705 which involved only a single vehicle. These were selected
for further analysis and the Highway Patrol reports were carefully
studied. A study of the reports showed that 152 accidents Out of

14. Home, W. B., Yager, T. J., and Taylor, G. R., "Recent
Research on Ways to Improve Tire Traction on Water, Slush,
or Ice. AIAA/RAeS/JSASS Aircraft Design and Technology
Meeting, Los Angeles, November 15-18, 1965.
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the 1, 705 occurred during heavy rainstorms, where the possibility
of a sizeable thickness of water cover might exist on the pavement.
Information on these accidents is shown in the following table:

Speed Road Section Tire Condition Vehicle

20
30

30
40

40
50

50
60

60
70

70
80

Tan-
gent Curve

Not
Stated Smooth

Corn-Stan-
pact dard

3 12 34 60 42 1 85 66 112 37 38

Total Accidents 152

Of these 152 accidents, Highway Patrol reports in 17

cases mention water on the pavement in the form of puddles or
hydroplaning as the accident cause. The fact that a sizeable
number of the accidents in the potential hydroplaning group were
traveling at speeds in the range of 50-70 mph indicates that exces-
sive speed for the very poor weather conditions may have been a very
responsible factor in either directly causing the accident or indirectly
influencing the tendency of the vehicle to hydroplane.

Specifications and Construction

Pavement slipperiness depends primarily on two factors -
coefficient of friction and texture of the surface. During construc-
tion it is important to build these features into a pavement with
such durability that they will last. Measuring devices are now
available for determining the coefficient of friction so a value can
be specified as an end point requirement in the contract. Such a
value must be set to satisfy local conditions, recognizing that the
number must be high enough so that a reasonable service life can
be attained. All pavement surfaces wear under traffic depending
on amount of traffic, the materials, and construction procedures.

Texture of a pavement15 & is still an unresolved problems
although a great deal of work is underway in this area. A deep,

15. HRB Special Report 101.
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durable texture constructed to last and provide a rainwater reser-
voir would be ideal to solve the skidding problem. Unfortunately
this could cause other problems such as excessive tire wear and
noise and diminished visibility due to splash and throw of the
surface stored water.

At the State level here in California'5 we treat bituminous and
portland cement concrete pavements differently. Our asphalt
pavement construction is controlled by a combination end point
quality and method specification using a mix design which we know
by experience will give a nonskid surface. Our experience indicates
that such pavements when new will have a coefficient of friction
slightly below 0. 33, but after a year or so (depending on traffic) it
will raise above 0. 33 and stay at a uniform level for several years
(California's aggregates have excellent nonskid properties).

Portland cement concrete pavements are controlled by an end
point coefficient of friction of 0. 30 and the texture is controlled by
requiring finishing with a burlap drag. This method specification
does not always provide the texture desired,so we are attempting
to develop a proper end point test that will measure a specified
texture. Such a test, combined with our coefficient of friction, should
result in a nonskid pavement at least while the pavement is new.
Our past experience indicates that weak surface mortars can wear
rather rapidly, so we are also developing a wear and polish machine
so as to provide a means to measure a specification limit for dura-
bility.
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Oregon's Tort Laws

by

Joseph Henke

First of all, I would like to offer a definition of 'tort liability"
and give you a few examples because the term "tort' is confusing
to a lot of people, including lawyers. Then I'd like to give you a
little of the history of the way the tort law has developed in this
country and in Oregon. And then talk about the Oregon law and
compare it with what Washington and California have done and give
you some of the effects of the legislation passed in this State in 1967
and 1969. FinallyI will talk a little bit about the insurance aspect of
tort liability, particularly of things that may be of interest to people
who are involved in the construction and maintenance of streets and
roads.

First of all, here is the definition of tort liability which is used
in the manual published by the Bureau of Governmental Research.
"A tort is negligent or wrongful conduct which causes bodily injury
or property damage for which compensation can be recovered in a
civil law suit. " Most tort cases that we see in the courts are the
result of negligence. The typical example of this is an automobile
accident, but there are other torts such as libel, slander, and
assault and battery, which are intentional but also come within the
definition of a tort. There was a case in Arkansas a year or so ago
in which the Arkansas Supreme Court upheld the traditional rule of
governmental immunity from tort liability and in doing so listed 27
cases, the facts of which they thought indicated that the immunity
rule should be retained. Among these cases were a large number
that relate to streets and roads and I thought I'd just read the summaries
to you to give you a better feeling of the type of risk that we are
talking about. These are all facts from cases in which liability was
found against governmental bodies in states where such suits are
allowed:

Failure to install a fire hydrant where others within a
similar area were protected.

2. Failure to maintain streets and highways in a safe con-
dition.
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3. Failure to maintain proper warning barriers for protection
of persons using sidewalks and highways who unintentionally
deviate therefrom.

4. Failure to adequately maintain drains or sewers to prevent
clogging.

5. Negligence in placing, failing to remove, or permitting
with constructive notice a rope or clothesline across the
sidewalk.

6. Injury to a child by a flare placed in the street to warn of
recent road work under the attractive nuisance doctrine.
In these cases proof of adequate care is not a defense.
If you place something that is attractive to children where
they can have access to it, you will be liable for their
injuries. This is a particular problem with equipment or
other objects left in the roadway which might appeal to
children as objects for play. Many early cases applied
the doctrine to turntables for street railways.

7. Another example of the attractive nuisance doctrine:
injuries to a child trying to light a warning lattern that
had gone out.

8. Damages from temporary obstructions in the street.
9. Failure to erect a traffic warning against entering a street

partially barred or obstructed by construction or improve -
ment work.

10. Operation of street lighting facilities.
11. Injuries from overhanging tree limbs.
12. Injuries because of accumulation of water at a street inter-

section.
13. Injuries due to the effect of conditions of the sidewalk.
14. Injuries from a fall in a municipal parking lot.
15. Injuries from a fall by slipping on wet paint used to des-

ignate parking spaces on the street.

So that gives you a sampling of the type of exposures that we are
talking about as they relate to streets.
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What is the doctrine of sovereign immunity? The doctrine
developed over several hundred years in this country and essent-
ially provided that you could not sue the federal, state, or local
governments for damages arising out of tort. There was one
important exception to this doctrine which related to what were
called "proprietory functions" of municipalities. A distinction
was made between a city's "governmental functions" which enjoyed
immunity and its "proprietory functions" which did not.

Generally speaking, states, counties, and school districts
were immune from the type of suits that I have described to you
here. Cities, on the other hand, were exposed to liability in
many situations. There was some confusion as to whether main-
tenance of streets and roads constituted a "governmental function,"
on the one hand, or a "proprietory function" on the other. A
distinction was often made between the discretionary aspects of
planning or designing streets, and the actual work or defective
work in constructing or maintaining the streets. In Oregon, the
cases were confused before the new tort liability law went into
effect in 1967. In one case, members of a city council were act-
ually held individually liable for failing to repair a defective street.

One thing that cities used to do which had some effect on their
liability, was to transfer liability by charter provision or by
ordinance to abutting owners. In many old city charters you will
find a provision that declares the city immune and the abutting
owners liable for defects in his street or sidewalk. This is
particularly true of the sidewalks. On the other hand, when a
charter imposed the duty on the city alone to maintain the street
it was much clearer that the city would be subject to liability if
it failed to do so.

Now with regard to State and counties, there used to be a
number of statutes dealing with specific circumstances which
exposed them to liability. Perhaps the best known of these in
Oregon was ORS 368. 940 which provided:

Whenever any individual while lawfully traveling upon
any legal county road or bridge without contributory
negligence and without knowledge of the defect or danger,
sustains any loss, damage, or injury to the person or
property in consequence of the defective or dangerous
condition of the road or bridge of which the county court
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or board of commissioners or county road department
for such county had noticed or of which in the exercise
of ordinary care any of them should have had notice of
and sufficient time to remedy such defective or a dan-
gerous condition, he is entitled to recover of the county
in which the loss, damage, or injury occured compens-
atory damages not exceeding ten thousand dollars in
any case.

A similar statute applied to Multnomah County bridges over the
Willamette River, another statute limited the liability of certain
cities to $100 for defective streets and roads and other public
places, and another limited the State Highway Department to
$500 on claims against it. There were a couple of other minor
sections.

This situation has been greatly changed by the enactment of
legislation in Oregon. and the same is true in many other states.
In recent years, particularly since about 1955, there has been a
growing conviction, among legal scholars particularly, that the
governmental immunity rule was unfair and undesirable, and as
a result the states have begun to enact laws abrogating govern-
mental immunity. New York was the first actually in 1929, but
others have followed since. Washington took a simple approach
which is similar to New York's. The Washington statute simply
reads, "The State of Washington whether acting in its governmental
or proprietory capacity shall be liable for damages arising out
of its tortious conduct to the same extent as if it were a private
person or corporation. " The Supreme Court of Washington has
ruled that this statute applies to local governments as well. Well,
this would appear very simple on the surface, but in fact there
are a number of very thorny problems involved in imposing
liability on a governmental body. One is that although the law
says that liability is going to be imposed in the same way as for
a private person, in fact when it comes to decisions which are

discretionary or legislative in character the courts have backed
away from holding the government liable. The Washington courts
are in the midst of trying to find these limits of liability now.

California took the opposite approach from Washington's.
California was prompted by a court decision there which declared
that the court was going to abrogate governmental immunity if
the legislature didn't. The legislature then made a detailed study
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and eventually enacted an elaborate statute which takes what is
called the 'closed-end approach. " That is, the law starts off by
saying that the governmental bodies will be immune from liability
and then excepts specific circumstances under which they will be
liable. This breaks down somewhat because you have to make some
rather broad ex.eptions. For example, one exception is fç lia-
bility related to conditions on public property, but then there are
exceptions to the exceptions. One of which is that failure to
provide control signals, signs,or distinctive markings cannot be
the basis of liability. And then there is an exception to the excep-
tion to the exception which is "unless the failure to do so would
constitute a trap for a careful driver. " In other words, if you dig
a six-foot trench across the main highway and then go home and
just leave it there without any markings, you are not going to
escape liability under this section, but the fact that the State
Iighway Department didn't put a double line where there should be
no passing would not be the basis for liability.

Another important limitation which is particularly of interest
to those who are involved in designing and building roads is that
California excepts from liability damage caused by defective design
or plans, where those plans have been approved by the legislative
body, or approved by a person who is vested with discretion. Thus
in California, you cannot hold the governmental body liable for a
defect in the design of a street or highway if the plans were approved
by the State Highway Commission or whatever office or body would
have the proper discretionary authority for deciding what sort of
design they should have. Finally, there is an exception which
continues immunity from liability for unpaved access roads to
recreational facilities.

Oregon takes the opposite approach to California. Oregon
has what is referred to as an 'open-end approach. " The Oregon
law starts off by saying "every public body is liable for its tort,
and those of its officers, employees, and agents acting within
the scope of their employment or duties whether arising out of
a governmental or proprietory function," but then it goes on to
list a number of broad exceptions, the most important of which is,
"any claim based upon the performance of or the failure to exer-
cise or perform a discretionary function or duty whether or not
the discretion is abused. ' This wording is taken from the Federal
law which has been in effect quite a bit longer and which has been
a difficult one for the courts to interpret. Generally it allows the
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government to argue that whatever activity was the basis for the
claim was in fact the result of an exercise of discretion of a
governmental official.

I'm not going to try to summarize the entire Oregon tort
liability law which was enacted in 1967, but I picked out some of
the effects of the Oregon law that might be of interest to you.
First of all, I'll point out that most local governments, not the
State government, but most counties and cities, had liability
insurance in effect prior to the abrogation of governmental immun-
ity, and State law generally required that any such insurance
waive governmental immunity as a defense. So actually you find
that there were many recoveries on the basis of tort liability
under waivers of immunity on insurance prior to 1967. By gen-
erally abrogating governmental immunity, the law in 1967 placed
governments in a position where they were obliged to purchase
liability insurance or self-insure to cover all liability risks, and
this has caused a lot of problems in trying to obtain insurance.
However, the new law alleviates the insurance problem somewhat
by providing monetary limitations which are as follows: "liability
of a public body on claims within the scope of this law shall not
exceed

(a) 25 thousand dollars to any claimant for any number
of claims for damage to or destruction of property,
including consequential damages arising out of a
single accident or occurance,

(b) 50 thousand dollars to any claimant for all other
claims arising out of a single accident or occurance
and,

(c) 300 thousand dollars for any number of claims
arising out of a single accident or occurance.

There were some problems with this language in 1967, and what
I read to you is the amended language that was enacted in 1969
by the Legislature. The general effect of this provision is that
in any accident or occurance the total amount the government
could be liable for would be 25 thousand dollars for property
damage and 50 thousand dollars for personal injuries. This
actually is rather low in terms of the type of liability insurance
that a private corporation might purchase, particular1y the 50
thousand dollars for personal injuries, since it is becoming not
uncommon to see larger judgments than that, but it is significant
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from the point of view of local government in that it gives them
a ceiling of liability which they can depend on in purchasing insur-
ance. They know that if they purchase to these limits, they will
not be faced with a claim over their coverages.

Another aspect of the new law that I don's intend to go into is
that it has a specific procedure to make a claim that requires
that a notice be given to the local government or State government.
This was changed in 1969 and now provides that you can file your
claim with the State department which was involved in the accident
or with the State Attorney General, and for local government you
may give the claim to anybody whom you could serve with legal
papers as a representative of the local government. The 1969

law was particularly significant for counties in that the statutes
which I read to you which provided for limited liability for counties
on county roads and Multnomah County bridges were repealed.
The Legislature also repealed the 100 dollar limitation on city
liability, and the 500 dollar limitation applied to the State Highway
Department. Although officials of the affected governmental units
may be unhappy with these changes, greater uniformity of appli-
cation of the tort law was accomplished and the same avenue for
recovery was made available to injured persons against every
local government. Only two relatively insignificant statutory
limitations on liability remain. There is a State law which makes
the county immune from liability for maintenance of unaccepted
county roads where they have been dedicated but not officially
accepted by the county.

I would say in reviewing the effects of the 1967 Oregon law
and the awareness, both of plaintiffs, attorneys and insurance com-
panies, as well as local government, of the possibility of tort
claims against governmental bodies. I think that we'll see more
claims against cities and counties and the State than we have in the
past and probably more judgments. I think there were a lot of
potential claims in the past that were never made simply because
the attorney or the injured person was unaware that the local
governments had insurance under which a claim might have been
made. The local governments did not generally advertise the fact
that they might be subject to liability.

I would like to say a few things about liability insurance that
relate to roads and streets. For one thing, in trying to obtain
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broad coverage for complete exposure to tort liability, cities,
counties, and the State have experienced particular problems in
obtaining special types of coverage: errors and omissions, false
arrest, and personal injury. Errors and omissions insurance
generally covers situations in which there are damages of a non-
physical nature. For example, if you were to close off a street
or highway with the result that a person suffered a loss in his
business due to lack of access to it, he might sue you on a theory
of tort. Typically this claim would not be covered by compre-
hensive liability policy. You would have to pick up errors and
omissions coverage. False arrest has traditionally been a spec-
ialized type of insurance and most companies have been unwilling
to write it. Personal injury insurance for intentional torts is
typically written as a supplemental policy that covers things like
assault and battery, interference with contractual ,relation and
a number of things which aren't due to carelessness but due to an
intentional act of the person who is liable.

One thing I would emphasize is the exposure of public employes.
Public employes were liable before the new law went into effect and
they are still liable after the new law has gone into effect. The
law provides that local governments may purchase insurance for
employes; the law provides that local governments may assume the
defense in case of suit and the law provides that local governments
may pay a judgment against a public employe, but the law doesn't
compel them to. I think that in terms of his own interests a person
in public office should check coverage which his employer has to
be sure it covers him also. Relatively speaking, it is not that
expensive for a government purchasing liability insurance to name
its officers and employes as additional insureds. When a suit occurs,
assuming that the insurance covers both government and employe,
the insurer is obliged to assume the defense of both the govern-
ment and the individual, there is no conflict of interests between
them, there is no problem with the individual employe having to
obtain separate legal counsel to represent his interests in the
suit, and there is no problem as to how the judgment is going to
be enforced as between him and the city or county or State. These
are things that you might consider. It has been common for police
or firemen to purchase insurance of their own as a separate policy.
It is also possible that some of you may have coverage under your
home-owners policies. It's not uncommon for people who own
homes to purchase a broad coverage that would include some
protection against liability in cases involving torts.
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In addition, if any of you have responsibility for reviewing
insurance coverage of your employers, there are a number of
exceptions that are very common in comprehensive liability pol-
icies that you should look out for because they may have partic-
ular application in the construction and maintenance of roads.
One which is nearly universal provides that the insurance does
not cover liability which you would assume under a contract. I'll
read you a typical clause here:

'This insurance does not apply to liability assumed by
the insured under any contract or agreement except
incidental contract, but this exclusion does not apply
to warranty of fitness or quality of the named insured's
products or a warranty that work performed by or on
behalf of the named insured will be done in a work-
manlike manner.

When a governmental body contracts with a private company to
perform a particular job (construction, hauling, whatever it is),
in many instances there is the possibility of a claim being made
against the governmental body by the contractor. Therefore,
often it is necessary to purchase a contractual supplement which
covers a particular project or in the alternative to require a hold
harmless agreement and a bond from the contractor to insure that
he will provide the representation and pay the judgment in the
event that a claim is made against him.

Another typical exception applies to certain special hazards:
explosion, collapse, and underground property damage. In these
instances I can see, particularly in relation to the construction
of roads and changing grade and this type of thing, and blasting
as well, that you would not find your coverage adequate. So these
are things you might check if you are concerned about how well
covered you are.

Another common exception is property in the care, custody,
or control of the insured, or as to which the insured is for any
purpose exercising physical control. Typically in your liability
policy you are required to list any equipment or vehicles that
are going to be covered by the insurance. Now, if for example,
you rent a piece of equipment that is not on that list, and an
accident occurs while it is being operated by a public employee,
this exclusion would mean that you had no liability coverage.

Another common exception is particularly related to the
design of roads. I told you that California's law excludes liability
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for designs or plans that have been approved, but Oregon's does not.
I'll read this policy exception to you:

"This insurance does not apply to bodily injury or prop-
erty damage resulting from the failure of the named

product or work completed by or for the named
insured to perform the function or serve the purpose
intended by the named insured if such failure is due to
a mistake or deficiency in any design, formula, plan,
specification, advertising material, printed instructions
prepared or developed by the insured."

I would think that this exclusion might well exclude coverage in a
situation where a road or bridge failed because of an error in
design. It's something to watch out for.

You can acquire coverage for these exceptions, but it usually
requires an endorsement to the policy and a supplemental premium.
That's a matter of negotiation with the insurance company.
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NAME

Adams, Don
Aibright, Wm. D.
Allen, Dale D.
Allen, Don
Ansell, C.K.
Apperson, James
Arenz, Richard
Auseth, Martin

Baldwin, Frank
Barney, Jim
Beckett, Steve
Bedsaul, Chris
Beecroft, Gordon
Bentz, Donald
Bergstrom, Don
Beuker, Gus
Bigness, Dick
Bishop, Victor
Blensly, R.C.
Blum, William
Bond, W.R.
Bovee, Mark
Bridger, J.C.
Bullard, L. V.
Burgess, F.J.

Carroll, R. L.
Caufield, James
Chappell, Homer
Christensen, C.
Clayton, James
Closson, Edward
Cole, W.E.
Cooke, Robert
Cottingham, Jack
Cottingham, Ken
Coulter, H.S.

REGISTRATION LIST

ORGANIZATION

Oregon Highway Dept.
Oregon Highway Dept.
Oregon Highway Dept.
City Hall
Oregon Highway Dept.
City Hall
Bureau of Public Roads
Courthouse

Bureau of Public Roads
City of Grants Pass
Bureau of Public Roads
State Forestry Dept.
Oregon State University
City Hall
City of Portland
The Asphalt Institute
Traffic Safety Supply Co.
Trans. Planning & Engrg.
Oregon State University
City Hall
Permapost Products
Oregon Highway Dept.
Courthouse
Courthouse
Oregon State University

Wash. Highway Dept.
Amer. Wood Preservers
U. 5. Forest Service
Arrow Transportation
Golden Bear Oil Co.
City of Oregon City
Oregon Highway Dept.
Bureau Land Management
Portland General Elect.
EISI
Oregon Highway Dept.
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ADDRESS

Salem, Ore.
Salem, Ore.
Eugene, Ore.
Eugene, Ore.
Ontario, Ore.
Portland, Ore.
Salem, Ore.
Shelton, Wash.

Salem, Ore.
Grants Pass, Ore.
Salem, Ore.
Philomath, Ore.
Corvallis, Ore.
Roseburg, Ore.
Portland, Ore.
Portland, Ore.
Portland, Ore.
Seattle, Wash.
Corvallis, Ore.
McMinnville, Ore.
Hilisboro, Ore.
Salem, Ore.
Shelton, Wash.
Port Orchard, Wash.
Corvallis, °re.

Vancouver, Wash.
Portland, Ore.
Roseburg, Ore.
Portland, Ore.
Boise, Idaho
Oregon City, Ore.
Salem, Ore.
Coos Bay, Ore.
Portland, Ore.
Seattle , Wash.
LaGrande, Ore.



NAME ORGANIZATION ADDRESS

Cox, H. S. Oregon Highway Dept. Salem, Ore.
Crani:Iall, F.B. Oregon Highway Dept. Salem, Ore.
Cranford, Wm. Oregon Highway Dept. Salem, Ore.
Crockett, John Was}ngton Co. Courthouse Hilisboro, Ore.
Culver, Bruce Automatic Signal Div. Torrance, Cahf.
Cunningham, R. Oregon Highway Dept. Portland, Ore.

Daniels, Douglas Coral Corp. Cariby, Ore.
Daumiller, Robert Signal-Lite Road Marker Goleta, Calif.
Daves, James Bureau of Public Roads Salem, Ore.
Dawson, Charles Traffic Safety Supply Co. Portland, Ore.
Dayton, Kerry Oregon Highway Dept. Portland, Ore.
Debacon, Ted Marion County Salem, Ore.
Decker, G. L. Oregon Highway Dept. Salem, Ore.
De Haas, Marlin City of Forest Grove Forest Grove, Ore.
De Santis, E. L. City Hall Salem, Ore.
De Young, 3. W. Pacific NW Bell Portland, Ore.
Delk, Vern Courthouse Eugene, Ore.
Donahue, Jack City of Oregon City Oregon City, Ore.
Dooley, John Clatsop County Courthouse Astoria, Ore.
Dopp, Richard Clackamas Co. Courthouse Oregon City, Ore.
Duggan, C. Wayne Federal Highway Admin. Portland, Ore.
Duriwoodie, Morris City Hall Oregon City, Ore.
Dykema, Harley E. Federal Highway Admin. Portland, Ore.

Eaton, John H. City Hall Bend, Ore.
Eclstein, Virgil City Hall Salem, Ore.
Eddy, Howard L. National Highway Safety Bur. Portland, Ore.
Eden, Jack City Hall Sheridan, Ore.
Elliott, R. G. CH2M Kirkland, Wash.
Endsley, Tom Kitsap County Port Orchard, Wash.
Everton, Elden L. Oregon Highway Dept. Newport, Ore.
Ewen, Robert T. Oregon Highway Dept. Portland, Ore.

Failmeger, R. W. Oregon Highway Dept. Portland, Ore.
Fiala, Gene R. Federal Highway Admin. Portland, Ore.
Frederickson, Oregon Highway Dept. LaGrande, Oi.
Fuller, Jim K. CH2M Corvallis, Ore.
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NAME ORGANIZATION ADDRESS

George, L.E.
Gibson, Arnold 0.
Gilbert, Keith
Gilrnan, Don
Gix, James J.
Goertzen, Karl
Gossack, Ed
Green, Wiljo
Groh, Tony
Gustafson, Chalmer
Guthrie, Jerry

Hall, Richard
Haller, D. H., Jr
Harvey, Glen E.
Harwell, Don
Harwood, Allan
Head, Cecil
Heibert, Nick
Heinz, Roy T.
Helm, Larry
Helsa, Jack
Hendricks, Jim
Hollis, Robert E
Hopkins, George
Hossner, Glenn

Jackmond, O.B.
Jackson, Joe F.
Jam e s, Wm. F.
Jefferis, Gary L.
Johnson, A. E.
Johnson, Howard
Jones, Byron
Jones, Forrest

Kalinoski, J.R.
Keasey, Carroll
Kidby, Michael
Kingman, Wm.O

Oregon Highway Dept.
State Forestry Dept.
Alan Voorhees 8 Assoc.
City of Eugene
Oregon Highway Dept.
City of Salem
Econolite
Oregon Highway Dept.
City Hall
Bureau Land Management
Guthrie Machine Co.

City of Coos Bay
Oregon Highway Dept.
City Hall
Oregon Highway Dept.
Oregon Highway Dept.
Oregon Highway Dept.
City of Tigard
Oregon Highway Dept.
3-M Company
Oregon Highway Dept.
Chevron Asphalt
Bureau of Public Roads
Oregon Highway Dept.
Bureau of Public Roads

Oregon Highway Dept.
City of Beaverton
City Hall
City of Beaverton
Oregon Highway Dept.
Oregon Highway Dept.
Portland Cement Assn.
City Hall

AGC
Oregon Highway Dept.
CH2M
Nat'l Hwy. Safety Bureau
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Salem, Ore.
Salem, Ore.
Seattle, Wash.
Eugene, Ore.
Salem, Ore.
Salem, Ore.
Salem, Ore.
Salem, Ore.
Corvallis, Ore.
Coos Bay, Ore.
Portland, Ore.

Coos Bay, Ore.
Portland, Ore.
Bend, Ore.
Salem, Ore.
Portland, Ore.
Salem, Ore.
Tigard, Ore.
Tigard, Ore.
Salem, Ore.
Portland, Ore.
Portland, Ore.
Salem, Ore.
Milwaukie, Ore.
Salem, Ore.

Bend, Ore.
Beaverton, Ore.
Salem, Ore.
Beaverton, Ore.
Portland, Ore.
Corvallis, Ore.
Portland, Ore.
Salem, Ore.

Portland, Ore.
Roseburg, Ore.
Corvallis, Ore.
Portland, Ore.



NAME ORGANIZATION ADDRESS

Klotz, Max J.
Kraus, Howard
Kuenzi, Ted
Kurth, Winston
Kukendall, Dick

Lacey, Floyd T.
Larsen, Melvin
Larson, Donald
Leatham, Howard
Leland, Elmer J.
Limbocker, K.D.
Loewen, Ronald
Long, Jerry
Lowe, Tom
Lucht, Richard

MC Clarty, B. J.
McClure, James
McCormick, Jack
McIntyre, John
McKibbin, George
McMannis, C.H.
McPhillips, Wayne

Maltby, Win. E.
Manaton, Claude
Matthews, A.T.
Meng, Ken
Milliorn, Isom
Mills, Dennis
Miville, Arthur
Moen, Irvin B.
Morgan, Ted E.
Morrill, Harry
Mueller, Warren
Munroe, Donald

Nelson, Arvey
Nichols, Richard

Oregon Highway Dept.
Benton County Engineer
Marion Co. Courthouse
Clackamas County
City of Longview

DME
Illinois Highway Dept.
3-M Company
Utah Highway Dept.
Federal Highway Admin.
Oregon Highway Dept.
Asst. Traffic Engr.
Douglas Oil Co.
FHWA
Yamhill Co. Courthouse

FHWA
Oregon Highway Dept.
Oregon Highway Dept.
City of Oregon City
State Forestry Dept.
3-M Company
City of Seattle

Bureau of Public Roads
FHWA
Safety Signal Systems
Washington Co. Courthouse
Crook Co. Courthouse
City of Winston
City of Philomath
Kitsap County
City Hall
Douglas Co. Courthouse
Oregon Highway Dept.
Lewis-Redford Engineers

Oregon Highway Dept.
Bureau of Public Roads

zoo

Salem, Ore.
Corvallis, Ore.
Salem, Ore.
Oregon City,Ore.
Longview, Wh.

Salem, Ore.
Springfield, Ill.
Seattle, Wash.
Salt Lake City, Utah
Portland, Ore.
Portland, Ore.
Seattle, Wash.
Sacramento, Calif.
Salem, Ore.
McMinnville, Ore.

Portland, Ore.
Portland, Ore.
Roseburg, Ore.
Oregon City, Ore.
Astoria, Ore.
San Francisco, Calif.
Seattle, Wash.

Salem, Ore.
Portland, Ore.
Seattle, Wash.
Hillsboro, Ore.
Prineville, Ore.
Winston, Ore.
Philomath, Ore.
Port Orchard,Wash.
Springfield, Ore.
Roseburg, Oi.
McMinnville, Ore.
Bellevue, Wash.

Tigard, Ore.
Salem, Ore.



NAME ORGANIZATION ADDRESS

Nordlander, Robert Multnomah Co. Courthouse Portland, Ore.

Oberding, Wayne Oregon Highway Dept. Portland, Ore.
OTHearne, Jim FHWA Portland, Ore.
Oliver, Keats Oregon Highway Dept. Albany, Ore.
OtNeil, Patrick Bureau of Public Roads Salem, Ore.
Orris, Paul H. Nat'l. Hwy. Safety Bureau Portland, Ore.
Orsi, Vince City of Albany Albany, Ore.
Ostby, S. W. City Hall Lake Oswego,Oie.

Pace, Clarence City Hall Forest Grove, Ore.
Painter, Jay E. Bonneville Co. Courthouse Idaho Falls, Ida.
Palmateer, Wally Oregon Bridge Engr. Co. Springfield, Ore.
Palmer, Gene Umatilla County Pendleton, Ore.
Patterson, H. H. Oregon Highway Dept. Newport, Ore.
Patton, Frank L. Columbia County St. Helens, Ore.
Payne, Maurice Oregon Highway Dept. Portland, Ore.
Pepper, Carl Washington County Hilisboro, Ore.
Peterson, Dennis Oregon Highway Dept. Portland, Ore.
Phillips, John Harstad Assoc. Seattle, Wash.
Piercey, Robert D. St. Supt. Roseburg, Ore.
Pool, Robert C. Oregon Highway Dept. Pendleton, Ore.
Porter, James D. Peninsula Dist. Safety Con. Olympia, Wash.
Powell, Virgil St. Supt. Prinville, Oie.

Query, L. Boyd Kitsap County Road Div. Bremerton, Wash.
Quiner, John II Oregon Highway Dept. Roseburg, Ore.

Rautenberg, Carl City Engr. Mt. Lake Terrace, Wash.
Rear, Alfred A. Oregon Highway Dept Salem, Ore.
Redford, Alex Lewis-Redford Engrs. Bellevue, Wash.
Rice, Bill City Hall Salem, Ore.
Roberts, Frank Oregon Highway Dept. Salem, Ore.
Robertson, Glenn Marion County Salem, Ore.
Rogers, Richard St. Foreman Grants Pass, Ore.
Rowley, Dan M. CH2M Vancouver, Wash.
Rulien, L. W. State Highway Division Milwaukie, Ore.
Russell, Harold Oregon State Forestry Forest Grove, Ore.
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Sandman, Robert Oregon Highway Dept. Coquille, Ore.
Sawhill, Roy University of Wash. Seattle, Wash.
Sawyer, J. S. Oregon Highway Dept. TheDalles, Ore.
Schacher, Ted Oregon Concrete Pipe Portland, Ore.
Schell, Herb Bureau of Public Roads Salem, Ore.
Schmalz, F.G. FHWA Portland, Ore.
Schoolcraft, L. D. CHaM Corvallis, Ore.
Schroeder, R. L. Oregon Highway Dept. Salem, Ore.
Schulmerich, L. C. Tillamook Co. Courthouse Tillamook Ore.
Schunkel, Chuck J. H. Baxter Co. Portland, Ore.
Schwab, Tomas H. Oregon Highway Dept. Salem, Ore.
Schwartz, W. E. Oregon Highway Dept. Roseburg, Ore.
Seegmiller, Wan Energy Absorption Sys. Sausalito, Calif.
Seibert, Loren M. City of Dallas Dallas, Ore.
Shearer, Kenneth Bureau of Public Roads Salem, Ore.
Shirley, Alfred Jr. Oregon Highway Dept. LaGrande, Ore.
Shull, Bill City Hall Salem, Ore.
Sigurdson, Ed. City of Salem Salem, Ore.
Simpson, R. E. Bureau of Public Roads Salem, Ore.
Slyter, Louis R. Jr. City Engineer Longview, Wash.
Smedsrud, Carl J. Fischer-Porter Co. Seattle, Wash.
Smith, David Oregon Forestry Dept. Coos Bay, Ore.
Smith, Glenn E. Bureau of Indian Affairs Portland, Ore.
Stark, Wm. E. City Hall Salem, Ore.
Stovall, M. W. Oregon Highway Dept. Portland, Ore.
Straight, Bernard Clackamas County Oregon City, Ore.
Strombom, Robert Preconstruction Engr. Portland, Ore.
Swanson, Edwin D. Kitsap County Division Poulsbo, Wash.

Thompson, E. S. Oregon Highway Dept. Ontario, Ore.
Thornton, Joe Washington Highway Dept. Olympia, Wash.
Tibbets, J. R. Tillamook Co. Courthouse Tillamook, Ore.
Tokerud, Ron Federal Highway Adxnin. Portland, Ore.
Toussaint, Paul E. Dept. of Transportation Portland, Ore.
Trygstad, Roger Oregon Highway Dept. Salem, Ore.
Twedt, Ken Assoc. General Contractor Portland, Ore.

Ulett, G. W. City of Coos Bay Coos Bay, Ore.
Unrein, Richard Oregon Highway Dept. Salem, Ore.
Utterback, T. E. U. S. Forest Service Portland, Ore.
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Van Cleave, H. N. Oregon Highway Dept. Pendleton, Ore.
Van Dyke, David City of Salem Salem,
Van Dyke, Douglas City Hall Salem,
Van Elsberg, Carlos Hood River County Hood River, Ore.
Van Wormer, 13. T. City Hall Salem, Ore.
Vargas, David City Hall Salem, Ore.
Versteeg, J. H. Oregon Highway Dept. Portland, Ore.

Walker, John H. Oregon Highway Dept. Salem, Ore.
Watson, Lyle K. Oregon Highway Dept. Salem, Ore.
Westling, A. M. University of Oregon Eugene, Ore.
Wilken, Dale Federal Highway Admin. Portland, Ore.
Williams, Alva Jr. City of Eugene Eugene, Ore.
Wilson, Robert M. Washington Co. Courthouse Hilisboro, Ore.
Wimer, Gerald Oregon Highway Dept. Salem, Ore.
Wirkus, Jared H. Co. Comm. ?

Wolfe, V. D. Oregon Highway Dept. Salem,
Wood, Robert G. City Hall Olympia, Wash.
Woodward, Oregon Highway Dept. LaGrande, Ore.

Zibolski, Arthur Deschutes County Bend, Ore.
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PARTICIPANTS

ANDERSON, LLOYD - Commissioner of Public Works, Portland,
Oregon

ANDREWS, GEORGE H. - Director, Washington Dept. of Highways

ANGERMAYER, C. E. - City Engineer, Eugene, Oregon

BEATON, JOHN L. - Materials and Research Engineer, California
Division of Highways

BEECROFT, GORDON W. - Associate Professor of Civil Engineer-
ing, Oregon State University

BELLAMY, G. W. - Traffic Safety Coordinator, Oregon Traffic
Safety Commission

BRIDGER, JOHN C. - Mason County Engineer, Shelton, Washington

BURGESS, FRED - Head, Dept. of Civil Engineering, Oregon
State University

CARROL, R. L. - District Engineer, Washington Dept. of
Highways, Vancouver

CARTER, DR. ROBERT L. - National Highway Safety Research
Center, Washington, D. C.

COOPER, FORREST - State Highway Engineer, Oregon Highway
Division

EDWARDS, TOM - Asst. Highway Engineer, Oregon Highway
Division

FIALA, GENE R. - Regional Hydraulics Engineer, FHWA,
Portland, Oregon

FULTON, JOHN M. - Director, Oregon Dept. of Transportation
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GLEESON, GEORGE - Dean of Engineering, Oregon State University

HALVORSON, CARL M. - President, Carl M. Halvorson, Inc.
Portland, Oregon

HENKE, JOE -. Research Attorney, Bureau of Governmental
Research and Service

LARSEN, MELVIN B. - Local Roads and Streets Engineer, Illinois
Division of Highways

LEATHAM, HOWARD B. - Planning and Program Engineer, Utah
Dept. of Highways

LELAND, ELMER J. - Traffic Operations Engineers, FHWA,
Portland, Oregon

LLOYD, IRVIN C. - Chief, Highway Beautification Division, FHWA,
Portland, Oregon

MALBON, A. SIDNEY - Bureau of Outdoor Recreation, Seattle

McCLARTY, B. J. - Deputy Regional Administrator, FHWA,
Portland

MERRY, WILUAM - Public Affairs Director, Auto Club of
Washington, Seattle

O'HEARNE, J. E. - Chief, Construction and Maintenance Division,
FHWA, Portland

PAINTER, JAY - Bonneville County Road Engineer, Idaho

THORNTON, J. L. - State Aid Engineer, Washington Dept.
of Highways

WEST, WILLIS A. - Chief Civil Deputy, District Attorney's
Office, Multriomah County

WILLIAMS, AL - Traffic Engineer, City of Eugene
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WOLFE, VICTOR D. - Administrative Assistant, Oregon State
Highway Division

YAJcE, GLEN - City Engineer, Spokane

STEERING COMMITTEE

OREGON STATE UNIVERSITY

GORDON BEECROFT, Associate Prof., Civil Engineering
Department

J. RICHARD BELL, Professor of Civil Engineering

FRED BURGESS, Head, Department of Civil Engineering

G. W. HOLCOMB, Prof. Emeritus, Civil Engineering
Department

OREGON STATE HIGHWAY DIVISION

F. B. CRANDALL, Traffic Engineer

TOM EDWARDS, Assistant State Highway Engineer

R. L. SCHROEDER, Assistant Traffic Engineer

V. D. WOLFE, Administrative Assistant

L. H. YOUNG, Program and Planning Engineer

LEAGUE OF OREGON CITIES

DON ALLEN, Director of Public Works, City of Eugene

A. M. WEST LING, Planning and Public Works Consultant
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ASSOCIATION OF OREGON COUNTIES

JOHN ANDERSON, Director of Public Works, Marion County

GERALD ATTIG, Director of Public Works, Lane County

KEN MENG, Director of Public Works, Washington County

P. JERRY ORRICK, Administrative Assistant

FEDERAL HIGHWAY ADMINISTRATION

WM. 0. KINGMAN, Highway Safety Specialist

B. J. McCLARTY, Deputy Regional Administrator

JIM O'HEARNE, Chief, Construction and Maintenance
Division

R. E. SIMPSON, Oregon Division Engineer

ITE - WESTERN SECTION

DON BERGSTROM, Traffic Engineer, City of Portland

OREGON STATE MOTOR ASSOCIATION

SID KING, Public Relations

L. R. KNEPPER, Secretary-Mgr.

ASSOCIATED GENERAL CONTRACTORS, OREGON CHAPTER

KEN TWEDT, Manager

AMERICAN PUBLIC WORKS ASSOCIATION, OREGON CHAPTER

TONY GROH, Director of Public Works, City of Corvallis
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C OORDINAT ORS

VICTOR D. WOLFE, Chairman

GORDON BEECROFT, Vice-Chairman

B. J. McCLARTY, Vice-Chairman

R. L. SCHROEDER, Secretary

REGISTRATIONS

NADINE CATER, Admin. Secretary, Traffic Engineering, Oregon
State Highway Division

NANCY McKINLEY, Secretary, Federal Highway Administration,
Portland

ROBERT ROYER, Asst. Planning Survey Engineer, Oregon State
Highway Division

LOCAL ARRANGEMENTS

GORDON BEECROFT, Oregon State University

3. RICHARD BELL, Oregon State University

STUDENT CHAPTER, American Society of Civil Engineers, OSU

PUBLICITY

SAMUEL H. BAILEY, News Bureau, Oregon State University

JOHN EARLY, Information Officer, Oregon State Highway Division

TECHNICAL PROGRAM

The Steering Committee
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PROCEEDINGS AND PROGRAM PREPARATION

MARY CHAMBERLAIN, Secretary to Mr. Wolfe, Oregon Highway
Division

HARRY ESCH, Chief Draftsman, Oregon Highway Division

ANN PARIS, Secretary, Traffic Engineering, Oregon Highway
Division

2O



OREGON STATE UNIVERSITY
ENGINEERING EXPERIMENT STATION

CORVALLIS, OREGON

LIST OF PUBLICATIONS

Bulletins-

No. 1. Preliminary Report on the Control of Stream Pollution in Oregon, by C. V. T.angton
and H. S. Rogers. 1929. 15g.

No. 2. A Sanitary Survey of the \Villamette Valley, by H. S. Rogers, CA. Mockmore,
and C. D.Adams. 1930. 40g.

No. 3. The Properties of Cetnent.Sawdust Mortars, Plain and with Various Adniixtures,
by S. H. Graf and R. H. Joltnon. 1930. 40g.

No. 4. Interpretation of Exhaust Gas Analyses, by S. 11. Graf, U. \V. Glecoon, and \V. H.
Paul. 1934. 25g.

No. 5. Boiler-\Vater Troubles and Treatments with Special Reference to Problems in
\Vestern Oregon, by R. E. Summers. 1935. None available.

No. 6. A Sanitary Survey of the \Villamette River from Sellwood Bridge to the Columbia,
by G. \V. Gleeson. 1936. 25g.

No. 7. Industrial and Domestic Wastes of the \Vihlamette Valley, by Cd. \V. Gheeon and
F. MerrySeld. 1936. 50.

No. S. An Investigation of Some Oregon Sands with a Statistical Study of the I'reihictive
Values of Tests, by C. E. Thomas and S. H. Graf. 1937. 50g.

No. 9. Preservative Treatments of Fence Posts. 1938 Progress Report on the Post Farm,
by T. J. Starker. 1938. 25g. \'early progress reports, 9A, 9-B, 9.C, 9.D,
SE, 9.F, 9.U. 15g.

No. 10 Precipitation-Static Radio Interference Phenomena Originating on Aircraft, byE. C. Starr. 1939. 75g.
No. 11. Electric Fence Controllers with Special Reference to Equipment Develoteil for

Measuring Their Characteristics, by I'. A. Everest. 1939. 40.
No. 12. Mathematics of Alignntcnt Chart Construction Without the Use of Determinattts.

by 3. 19. Griffith. 1940. 25g.
No. 13. Oil-Tar Creosote for Wood Preservation, by Glenn Voorhies. 1940. 25g.
No. 14. Optimum Posver and F:conooiy Air-Fuel Ratio for Liquebeil l'etroleuni C ascs, byV. H. Paul and M. Popoviclt. 1941. 25g.
No. 15. Rating and Care of l)onietic Sasvdut Burner', by F.. ( \\illr . 1941.
No. 16. The Improvement of Reversible Dry Kiln Fans, by A. 0. Hunhirs. 1941. 25g.
No. 17. An Inventory of Saivnnll \Vaste in Oregon, by Glenn Voorlues. 1942. 25g.
No. 15. The Use of the Fourier Series in the Solution of Beam Problents. by B. F. Ritffner.

1944. 50g.
No. 19. 1945 Progres Report on Pollution of Oregon Streams, by Fred Merryfield and

W G. \Vilmot. 1945. 4CC.
No. 20. The Fishes of the \Vihhamette River System in Relation to Pollution, by K. E.

an I Feed Merryfield. 1545. 4Cr.
No. 21. The Use of the Fourier Series in the Solution of Beam-Column I'roblems, by

B. F. Ruffner. 1945. 23g.
No. 22. Industrial and City Wastes, by Fred Merryfield, W. B. Bollen, and F. C. Rachel-

hoffer. 1947. 4Cc
No. 23. Ten-Year Mortar Strength 'rests of Some Oregon Sands, by C. E. Ttionias and

S. H. Graf. 1948. 25c.
No. 24. Space Heating by Electric Radiant Panels and by Reverse-Cycle, by Louis SIegel.

1948. 50g.
No. 25. The Banhi \Vater Turbine, by C. A. 7ilockmore and Fred Merryfield. Feb 1949.

40g.
No. 26. Ignition Temperatures sf Various Papers. \Voods, and Fabrics, by S. H. Graf.

Mar 1949. fOe.
No. 27. Cylinder Head Temperatures in Four Airplanes with Continental A-65 Engines, by

S. H. Loivy. July 1949.
No. 28. Dielectric I'roterties of Douglas Fir at High Frequencies, by J. J. \Vittkopf andH. D. Macdonald. July 1949. 4Cc.
No. 29. Dielectric Properties of Ponderosa T'usn at High Frnquencies, by 3. J. \Vittkopf andH. D. Macdonald. Septeniher 1845. 4CC.
No. 30. Expanded Shale Aggregate in Structural Concrete, by 0. D. Ritchie anil S. H.Graf. Aug 1931. 60ffi
No. 31. Improvements in the Field Distillation of Peppermint Oil, by A. P. Hughes.Aug 1932. 6Cr.



No, 32. A Gage for the Measurement of Transient Hydraulic Pressures, by K. F. Rice.
Oct 1932. 40c.

No. 33. The Effect of Fuel Sulfur and Jacket Temperature on Piston Ring Wear as
Determined by Radioactive Tracer, by M. Popovich and R. \V. Peterson.
July 1953. 40c.

No. 34. Pozzolanic Properties of Several Oregon Pumicites, by C. 0. Heath, Jr. and N. R.
Brandenburg. 1953. 50g.

No, 35. Model Studies of Inlet Designs for Pipe Culverts on Steep Grades, by Malcolm
H. Karr and Leslie A. Clayton. June 1954. 40g.

No. 36. A Study of Ductile Iron and Its Response to \Velding, by W. R. Rice and 0. G.
Paaclie. Mar 1935. hOc.

No. 37. Evaluation of Typical Oregon Base.Course Materials by Triaxial Testing, by
M. A. Ring, Jr. July 1956. 50g.

No. 38. Bacterial Fermentation of Spent Sulfite Liquor for the Production of Protein
Concentrate Animal Feed Supplement, by Herman R. Amberg. Oct. 1956. 506.

No. .39. Wood Waste iJisposal and Utilication, by k. W. Boubel, H. Nortlicraft, A. Van
Vliet, M. i'opovich. Aug. 1958. $1.00

No. 40. Tables of Similar Solutions to the Equations of Momentum, Heat and Mass Transfer
in Laminar Itoundary Layer Flow, by E. Elzy and R. H. Sisson. Feb. 196,.
$2.25.

No. 41. Engineering Calculations of Momentum, Heat and Mass Transfer Through Laminar
Itoundary Layers, by E. Elzy and U. A. Myers. July 1968. $1.50.

No. 42. l'articulate Emissions from Sawmill Waste Burners, by R. W. Boubel, August
1968. 506.

No. 43. Japanese Saury Technology, by H. S. Inoue. (In preparation)
No. 44. Stratified Reservoir Currents, by L. S. Slotta, E. H. Elwin, H. T. Mercier, M. D.

lerry, October 1969. $1.00.

Circulars-

No. 1. A Discussion of the Properties and Economics of Fuels Used in Oregon, by C. E.
'l'honias an,! G. D, Keerins. 1929. 2ag.

No. 2. Adjustment of Automotive Carburetors for Economy, by S. H. Graf and G. \V.
(deeson. 1930. None available.

No. 3. Elements of Refrigeration for Small Commercial Plants, by \V, H. Martin. 1935.
None available.

No. 4. Some Engineering Aspects of Locker and Home Cold.Storage Plants, by W. H.
Martin. 1939. 25g.

No. 3. Refrigeration Applicatmon to Certain Oregon Industries, by W. H. Martin. 1940.
25g.

No. 6. The Use of a Technical Library, by W. E. Jorgenson. 1942. 256.
No. 7. Saving Fuel in Oregon Homes, by E. C. Wiiley. 1942. 256.
No. S. Technical Atitroach to time Utilization of \\'artime Motor Fuels, by bV, H. Paul.

1944. 25c.
No. 9. Electric and Other Types of House Heating Systems, by Louis Siegel. 1946. 256.
No. 10. Economics of Personal Airplane Operation, by bV. J, Skinner. 1947. 256.
No. ii. Digest of Orecon i.and Surveying Laws, by C. A. Mockmore, M. P. Coopey,

B. B. Irving, and E A. Buckhorn. 1948. 256.
No. 12. The Aluminum industry of the Northwest, by J. Granvilie Jensen. 1950. 25c.

No. 13. Fuel Oil Requirements of Oregon and Southern Washington, by Chester K.
Sterrett. 1930. 256

No. 14. Market for Glass Containers in Oregon and Southern \Vashington, by Chester K.
Sterrett. 1951. 25g.

No. 15. Proceedings of the 1931 Oregon State Conference on Roads and Streets. April
1951. 60f.

No. 16. Water Works Operators' Manual, by 'arren C. \Vestgarth. Mar 1953. 756.
No. 17. Proceedings of the 1353 Northwest Conference on Road Building. July 1953. 606.

No. iS. T'riiceeilings if time P155 Northwest Conference on Road Building. June 1955. 606.
No. 19. Review for Engineering Registration, 1. Fundamentals Section, by Leslie A. Clay.

ton. Dec 1955. 60g.
No. 20. Digest of Oregon Land Surveying Laws, by Kenneth J. O'Connell, June 1936. 756.
No. 21. Review for Engineering Registration, 2. Civil Engineering, by Leslie A. Clayton

and Marvin A. Ring. July 1936. $1.23.
No. 22. Revmesv for Engineering Registration, 3. Mechanical Engineering, by Charles 0.

Heath, Jr. Feb 1957. $1.25.
No. 23. Research and Testing in the School of Engineering, by H. Popovich. May 1957.

23g.
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 1939. $1.00.



No. 2o. Research Activities in the School of Engineering, by J. G. Knudsen, Nov 1960.

No, 27, Proceedings of the 1960 Northsvest Highway Engineering Conference, I)ec 1960.
$1.00.

No. 2$. Proceedings of the 1962 Northwest Roads and Street Conference, Mar 1962. $1.00.
No. 20. Proceedings of the Eleventh Pacific Nortlisvest Industrial Waste Cottferetice-t9t3,

Srpt 1963. $1.00.
No. 30. Proceedings of the 1964 Norttswest Roads and Streets Conference, June 1964. $t.00.
No. 31. Research Activities itt tile School of Engineering, by 1. C. Knudsen, Sept. t964.

35.
No. .12. The Use of a Techttical Library, by R. K. Walilroti, Oct. 1964. 3sf.
No. 33. Proceedings of tile 1964 Surveying and Mapping Conference, July 1Q69 .3e.
Xii. .14. \Vood Residue incineration ill Tetiee Burners, by R. \V. hloubel, T uiv I 96 .351.
No. .1 Research Activities itt tile School of Engineering, 1964.66, by J. C. Knudseta.

November t 966. 73g.
No. 3m. Industrial Engineering itt Industry, by W. F. Engesser Aug. 1967. 60g.

37. Proceedings of tile 191,6 Northwest Roads and Street Conference, Nov. 1967. $1.25.
No. 3$. Proceedings of the 1969 Northivest Roads and Street Conference, February 1969.

$1.25.
No. 39. Graduate Education and Research in the School 0f Engineering, by J. C. Knudsen,

JanuarY 1970.

Reprints-

No. 1, Methods of Live I.ine Inulatnr Testing aol Result'i of Tests with Differetit
Instrumnts, by F. 0. McMiltan. Reprinted from Proc NW Ehec LI and Power
Assoc. 1927. 206.

No. 2. Some Anomalies 0f Siliceous Matter in Boiler Water Chemistry, by R. E.
Sunimners. Reprn:ed trom Coimil,ustiots. Jan tQ3. IDe.

No. .t. Asphalt Emulsion Treatment Prevents Radio Interference, by F. 0. McMillan.
Reprinted from Electrical West. Jan 1935 None available.

No. 4. Sonic Characteristics of A-C Cotiiluctor Corona, by F. 0. McMillart. Reprinted
from Eiectrical Engitteering. Mar 1935 .None available.
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