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Chapter one

Introduction

The rise of traffic-accident rates to pre-war levels has
become a matter of vital concern to the engineering profession,
For many years, engineers have been working to provide vehic-
les, roads, and operational control which would enable the
private motorist, the commercial operator, the passenger in
public vehicles, and pedestrisns to reach their destinations
conveniently and safely.

The problems of the future, thovgh very much like those
of the nast, will be complicated by a far greater use of mo-
tor transportation than has yet be-n seen. The problem falls
into two general classifications, (1) human behavior, and (2)
physical conditions. The second part of the problem is the
one the civil engineer is most concerned with, however, thr-
ough his development of safety features in design, he has an
influence on the first, in that his success in design can
make human errors and misjudgements less likely to occur.

It has been shown over a period of years, that the dr-
iver can contribute practically nothing to the relief of con-
gestion and comparatively little to the removel of accidents,
Therefore, the major improvements in the transportation sys-
tem has come and will come through improving the conditions
under which vehicles must be operated.

The objectives of the engineer in attacking the trans-
portation problem can be broken down into two divisions: (1)

to provide functional design, and (2) control of traffice
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It is with these two &bove mentioned objects that this paper

is primarily concerned.



Chapter Two
A Brief History of the Problem

Ideally, the most efficient transportation system is one
in which there is a sound balance between the driver, the high-
way, and the vehicle. Throughout the history of the automotive
transportation, trese three factors have alternated, In the
beginning, the roadwey was ahead of both the par and the dri-
ver. The cars were mechanically imperfect, and the drivers were
not too sure of themselves. With research and mass production
the situation changed. The car had improved so much that it
quickly absorbed all the advantages the highways had to offer
at the time. The drivers were clamoring for more and better
highways.

This sudden change confronted highway departments with
the terrific task of building primary roads and all weather
surfaces. The entire engineering profession can well be pro-
ud of the fine job they did in solving this problem,

Prior to the event of World War 11, the roadways were
still not adequate due to high velocities developed by the
cars and the increased volume of cars on the roads. The pro-
lem today is being solved by new superhighways and advanced

methods of traffic control.



Chapter Three
Present Status of the Protlem

Progress in America's Highway Safety Program is measured
ty the record of deaths and injury. Therefore, let us look at
the record complied by the "President's Highway Safety Con-
ference for 1948". In 1946, accidents on the streets and higl-
ways took 33,400 human lives. In 1947, the toll was 32,000.
The reduction is very encouraging evidence that hizhway acc-
idents can be curtailed. Safety is the result of effort. To
go on with the record. The dovnward trend continues, during
the first seven months of 1948, the number of fatalities had
dropped 5% below the same period in 1947. Moreover, the death
toll went down while the amount of travel went up. But, the
32,000 deaths of men, women, and children who died in traffic
in 1947 must not be taken lightly just because the toll is
less than the previous year., Accidents may occur under any
set of conditions, but if vehicles, roads, and control pro-
cedures and devices are designed to fit conditions of use,
and known patterns of huran behavior, physical conditions will
be provided under which accident frequency may be greatly re-
duced.

The driver is entiled to roads safe for reasonable use,
He is also entitled to a factor of safety against the hazards
over which he has no control. Among these hazards are: phy-

sical features of the highway, such as limited visibility; in-

adequate signing; and uncontroled or unrelieved congestion.



Chaptexr Four
Plenning for Safety

The presently existing highways of the United States have
been built under sustained pressure to provide a large mileage
of improvements to meet demands of rapidly expanding motor
vehicle use. A large part of this mileage carries a volume of
traffic exceeding that which it was designed to serve; and
thousands of miles were constructed for the use of vehicles

capable of less speed and smaller and lighter than throse wh-
ich now use them.

Reconstruction of parts of our highway mileage, already
obsolete, will require time. While rebuilding to modern st-
andards of safety is in progress, the traffic meanwhile con-
tinues to increase, Therefore, methods must be found and used
to reduce the danger of the obsolete mileage.

A good lesson can be found in former highway developement.
Road s which are built only for today's traffic needs too often
become congested. and accident-ridden long before the actual
life of the road is ended. Safety must then begin in planning.

Through intensive studies made since 1935 in the nation
wide State Highway Planning Survey, it has been found that a
very small mileage of roads carries extremely heavy duty tra-
ffic densities, with corresponding heavy concentration and
accidents. The most serious accident factor on these routes
is that of "marginal conflicts", ie intersections, movements
to and from the roadside, parking on or too close to the high-

way, and pedestrain crossingse.
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The very existence of heavy traffic assures the quick
developement of roadside commercial establishments. There-
fore, the safety hazards they will eventually cause in go-
ing to them and subsequent leaving them must be planned for
in advance.,

Roadside control measures, then become a major plann-
ing factor. Without some definite provision neither traffic
capacity nor safety can long be assured. Such measures include
(1) legal control of access, (2) Marginal land aquistion, (3)
land use control, and (4) the aquistion by the hizhway ag-

ency of the right to limit private use of land on the road-

side.



Chapter IFive

Intersections

In designing a highway with safety in mind,"the marginal
conflict", intersections must be given upmost thought and con-
sideration, for intersections not only control the time sav-
ing service of a route, but elso the accident rate. Both rail-
road grade crossings and highway intersections have a tend-
ency to reduce traffic capacity. This is due not only to the
actual stopping and starting, but also to the general slowing
down as a precaution on the driver's part.

The ideal solution to the problem arising from intersect-
ions would be to eliminate them by constructing grade separ-
ations. However except under very favorable topograghic con-
ditions, this would be very expensive., In the case of rail-
road crossings where two or more main-line tracks are oper-
ating, a grade separation 1s imparative, regardless of traf-
fic volumes. In the case of highway intersections with a tr-
affic density of 4,000 or more daily, every effort should be
put forth to provide a separation,

Although, more and more grade crossings are being elim-
inated by separations, in most instances it is impractieal,
therfore, other means must ve found and used to rid the high-
ways of the hagards they create. One phase of the problem de-
pends wholly on aquiring adequate land ajoining the highways

at crossings. In this way the obstructions whigsh limit sight
distance, such as steep banks, trees etc., standing crops,

buildings, parked cars, and billboards can be done away with.
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The grade and alignment of the highway at crossings, in or-
der to eliminate hazards to safety, should be level or nearly
so and the highway should be straight for at least a 1000 ft.
at railroad crossings, and 300 ft. on through highways. This
difference in unobstucted view is due to the fact that at
highway intersections, with proper speed reducing signs, the
speed of highway traffic would be less than that of the fast-
est train and vehicles can be stopped quicker than trains caﬁ.
There are four methods in general use today to make in-

tersections more adequate. They are as follows:

SAN
A 7
76 A /G b
A/G. C r/e. o
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On the preceding page in figures (a)and(b) are shown the
most common type of improved intersections. Figure (a) widen-
ed pavements, gives two additional lanes for 300 to 500 feet
on each side of the intersections. This allows a vehicle which
is to make either a right hand or a left hand turn to enter
the extra lane leaving the other lane free for traffic going
straight throughe In figure (b) the intersection has a radii
of 300 to 500 feet and requires much more land right-of-way,
thus boosting the cost. However, it offers much less chance
of collision,and is less expensive to construct than a grade
separation. Figures (c)and(d) are modifications of the other
two types of intersections and are self-explanatory. From
these figures it becomes obvious that when aquiring right-
of -way, sufficient land should be obtained to accemmodate for
additional width at intersections, thus providing not only
widened lanes but also uncluttered safe sight distance area,
From observation and correspondence, it has been found
that the state of New York has a very up to date program on
grade separations. In 1947, the highway department of that
state had a reserve of completed plans ready for contracts
amounting to 300, at a total estimated cost of construction
of over 60,000,000, These plans included projects for separ-
ating the grades of existing highway-railroad grade crossings,
at highway-railroad crossings necessary by the construction
of new highways, parkways, and thruways, also by the replac-
ement of unsatisfactory existing highway-railroad grade sep-

arations structure., This paper is too limited by time to go

.



~10-
extensively into clover-leaf and similar grade separation
construction, however, at the end of this paper will be
found a chart showing the safety value of divided high-
ways, and crossings which will serve the purpose of proof

of their high safety value.
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Chapter Six
Other Marginal Conflicts

Besides intersections, movements to and from the highway.
roadside establishments, roadside parking, and pedestrian cr-
ossings comprise hazards to safety that can be eliminated by
proper planning and design. As has been stated before, as the
highway is developed through a section, commerical establish-
ments begin springing up all along the route. If a great enough
amount of right-of-way has not been obtained at the time the
highway rights are, these places of business are built so close
to the pavement that entering and leaving them is‘dangerous.
Thus it can be seen that safety and traffic serviceability of
hundreds of miles of modern costly highways can become severely
handicapped by this rapid development of roadside establish-
ments and recreational areas at the roadside. A single busin-
ess place thus located on a rural road will create new patterns
of traffic in its locality. If its trafiic connections are not
properly integrated with the highway set-up it will create ser-
ious hazardse. A highway fringed with such places may easily lose

a large part of its utility along with having safety hazards caused

by these roadside placese.

To overcome this hazard of movement to and from the road-’
side, entrance driveways, that are not too wide and not locat-
ed within a short sight-distance area, should be built. Also,
if off the road parking areas are provided much of the danger

is avoided. (See illustrations)
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Roadside parking by tle same token is a hagard. Moving
vehicles passing a parked car have a tenderncy to swing wide
for clearance, thus using the other lane. The danger of this
becomes clear when a situation arises that a vehicle approacli-
ing from the opposite direction enters the picture. Also, if
the parked car is very close to the pavement, alighting or
getting into the car from the roadside makes it necescary for
the person to ke either on the road itself or very near it. .
Which brings us to the actual matter of right-of-way. The hest
width for the right-of-way is largely a matter of judgment
and must be determined by the requirements of the particular
case, It should te not only large, enough for future widening
of the road as traffic increases, but wide enough to control
the hazards of parking too near the pavement, the roadside
establishments, the building of billboards, the planting of
trees, shrubs, etc. With this in mind,'it is well to note
that there is a noticéable trend toward acquirement of 100 to
200 foot strips along the roadside. The state of Missouri hss
a table based on average daily traffic:

Supplementary
System

Under 100 Vehicles 60 ft —ee-w- 100 to 400 Vehicles 60 Ft

Major system
Under 400 Vehicles 80 ft ----- 400-1000- 80-100 foot strip

Interstate
Szﬁtem

1000-2000 Vehicles
2000-3000 Vehicles
2000-5000 Vehicles
Over 5000 Vehicles

120-220 ft.
120-220 ft.
120-250 ft,
150-250 ft.
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In the desizn standards for the national system of Inter-
state Highways as adopted by the American Association of State
Lighway Officals, the followingz are reconmended :

Two lane highways --- minimum 120 ft --- Desirable 220 ft.
Divided highways =--- minimum 150 ft --- Desirable 250 ft.

Shoulder widths recommendedby the A.A.S.H.0. are: " ex-
cept in mountainous topography, shoulders shall be provided
clear of road surfacing or pavement for a minimum width of 10
feet, measured to the intersection of the shoulder and side
slope planes. Such shoulders shall provide support for stand-
ing or disabled vehicles. In mountainous country an effective

. shoulder width of at least 4 feet shall be provided.

The side slopes shall not be steeéer than 2:1 in cuts ex-
cept solid rocks or other special soils and on other special
material that may justify steeper slopes. On fills of 10 feet
or less in height the side slope shall not be steeper than 4:1%

From correspondence with the state of lLiinnesota, it is
interesting to note that enough right-of-way is obtained to pro- .
vide an area beyond the shoulder for ditches with adequate
cross section to provide for snow storage. This would indicate
that climate and topography create problems which are special
and which must be met in order to have safe highwayse.

The final marginal conflict to be discussed is pedestrian
crossings. Pedestrians are particularly hard to control due to
the obvious reason that they are free to move in any direction
without notice. The only sure way to control them is by using

Physical structures which would eliminate any choice by them,
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Tunnels, fences, bridges, sidewalks, and separate levels are
examples of such structures that should be used if the ped-
estrians are to be protected as well as the motorist. However,
since pedestrians create a far greater urban problem than ru-
ral, and since this paper is devoted to the study of safety of
highways outside of cities, it is sufficient to Bay that in
rural areas where pedestrians walk in considerable numbers
along or across & highway which carries moderate to heavy tra-

ffic volumes, sidwalks have a high safety value.
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Chapter Seven
Geometry of Safe Highway Design

The geometry of safe highway design includes the prin-
ciples of alignment, grade, sight-distances, width of pave-
ment and lanes, curves, and various correlatives of these fea-
tures. They all have a definite effect on safety of highwayse.

The volume, cbmposition, and speed of traffic are the
three basic features that must be accommodated. None can be
neglected without producing hazardous operating conditions.

In the past the width of lanes was more or less stend-
ardized at 10 feet, but at the present time the trend is to-
ward wider widths- 11,12, and 13 feet. Wider lanes result in
higher safety. The need for using #&ider lanes came as a dir-
ect result of higher velocities and wider vehicles. It has
been found that cars traveling at a moderate speed need at
least a 2 foot clearance between cars, and as the speed in-
creases the need for a greater clearance becomes a necessity.
However, and this is importent, there is a 1limit to the width
lanes should be made, By extending the lane-width to more
than 12 or 13 feet, the motorist tends to eke out an addition-
al lane, thus creating three narrow hazardous lanes out of the
intended two.

For the greatest safety, rural highways are usually built

with an even number of lanes: two, four, six, and eight. The
reason for this is obvious. Highways having an odd number of
lanes are not as safe as those with an even number of lanes,

due to the fact that cars traveling in opoosite directions

Muist overtake and pass vehicles in the sinzle central lane,
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thus causing a situation that is ripe for the most fatal tyve
of accident - head-on-collision.,

Lane efficiency on multiple lane highways can be increased
without resorting to the hish cost of alteration. This is done
by making outside lanes apoear and actually be safe. Several
methods are being used to éccomplish thise. Since motorists tend
to shy away from outside lanes when there are objects near the
pavement edge, if such objects are removed and the shoulders
made stable, motorists can be induced to drive along without
the feeling of having to give a wide clearance for their safe-
ty. Another good method which has been used in the state of
Massachmsetts with emcellent results, is to take advantage of
the motorist's preference for smooth, light colored surfaces
by constructing the outside lanes of a three or four lane
highway of light colored smooth concrete, and constructing the
inside lane or lanes of a rough dark Macadam. The Macadam .sur-
face will cause the tires of the vehicle to rumble slightlye.
The difference in smoothness and color of the surfaces will
cause the driver to seek the light smooth outside lene, thus
leaving the inside lane or lanes free for passing and higher
speed vehicles. This type of construction has the added safety
value of making it easier for the driver to stay in the lanes,
for it is easier to follow a distinctive color than it is to
drive between painted line striping.

This brings up the point of pavement marking. Most lane
division is made through this device. Basically, for the safest

roads, unbroken lines should be used where driving ajcross

the line is hazardous and tlms prohiiited. Broken lines
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are used where crossing from one lane into another is permitted
under favorable conditions. It has been found and is quite un-
iversally adopted that white lines from 4" - 8" are the most
visable and effective. The American Association of State High-~
way Officals standards say that the center line should be pla-
ced in the following locations: (a) on the approach to the cre-
st of a hill where the clear view ahead is less than 500 feet.
(b) on all curves having a radius less than 600 feet or where
the clear view ahead is less than 500 feet. (c¢c) and on pave-
ments wider than 40 feet.

Some states use center lines only at points where over-
taking and passing is hagzardous. In other states, lines are
used entensively on straizht level stretches as aids for keep~
ing traffic in lanes as well as where it is dangerous to be
in the lane where traffic from the opposite direction is. This
is by far the better practice, for it tzkes the human element
out of the picture to some degree. The procedure recommended
by the A.A.S.H.O0. 1s to have a broken white line 15 feet in
length with a 25 foot gap, & shorter line and gap tends to
give an annoying flickering sensation which induees fatique.

A yellow solid line has been found to be most effective as a
regulatory line used where it is unsafe and therefore illegal:
to cross. It is recommended because it contrasts with the
white line, used where it is not prohibted to cross, and thus.
gives emphasis to the existing hazard. Also, since yellow has
been more or less adopted universally as a symbol for warning
signs and signals, it becomes apparant, just seeing the color

warns of danger.,
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The state of New York and others, however,use broken
white lines in combination with solid white lines to mark
the " no passing" areas. They have a very good reason for
not following the standard. Yellow paint can not be disting-
used from white at night or during rainstorms. This would in-
dicate that more study should be done on the standard color to
be used. The chart of United States that follows shows the 48
states! procedure. It can be noted from this map that the st-
andard is not followed very closely throughout the states.

The center lines themselves can be constructed from the
material used to fill the Jjoints if it is of contrasting color,
or inserts can be used. The state of Kansas and Texas, also,
use this method. It has a very good feature, in that when one
passes over these inserts a very slight rumble is noted, thus
1f the driver unconciously crossed,it will be brought to his
attention.

Letters from several states indicate their center line
striping method and in some cases why they use what they do.
Quoting from a letter from the state of Wyoming, " In the iten
of center line marking, we use a solid barrier line with brok-
en center line- 15 foot stripe and 25 foot skip. We use a
yellow color for both lines. Yellow traffic paint is a mst
in Wyoming, as it contrasts with snow and in our state there
are sections of roads at different locations phat are subject
to snow every month of the year. In color we vary from the nat-
ional standard and feel that our reasons are sound. The design

of stripe and skip are standard: we use a 4™ line in case of

double marking, a 4" spacing betWween stripes is used!
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From the New Hampshire Highway department: "Practically
all the narrow two lane pavements have a center stripe of
yellow paint, six inches in width. On wider pavements, strip-
ing is confined more to curves and such portions of the high-
way as have restricted vision. Some experiments have been car-
ried on with reflectorized paint. To date, however, in climate
like ours which over several months of the year requires snow
removal, we do not find the same to be durable or worthwhilefl

From the State of Wisconsin: " For a year or two during
the war when paint and manpower were scarce, we did not place
pavement markings on some of our state trunk highways which
had previously had been marked. As a result, we had numerous
complaints and we have concluded that pavement markings are
an important activity and that its lack is equally noticeable
to the traveling public. As a result, we have reestablished
the policy of placing center lines on all pavements having a
reasonable life. It is probatvle that we will follow the Tec-
ommendations as to colcr, width of line, and type of merking
which the A,A.S.H.0. has standardized."

The State of Rhode Island reports: "™ We use a solid 6"
white line on two lane highways regardless of the type of pave-
ment and hope some day to treat the hazardous vertical and
horizontal curves where sight distance is limited with a 4"
white barrier stripes. On four lane highways we use the double
center line which consists of two 4" stripes with a 5" separ-
ation with the side lane stripes eliminated on concrete pave-

ments. We like the reflectorized line very much indeed, but

on some of our heavily travelled two lene nishways, we have
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used the paint with glass beads exclusively."

Over a period of years, it has been found that the great-
est safety value in center 1ane-separation of a four lane high-
way can be obtained from physical barriers. This virtually el-
iminates the most serious type of accident - the-head-on-col-
lision. There has been a great deal of research on this part-
icular method of separation. Michigan has about 300 feet of
nedial barrier designed by the Yale Traffic Bureau under test.
Many four lane highways are constructed with a boulevard type
of separation. The value of this type of barrier is increased
if low planting is done to eliminate glare from on coming carse.
Woodward Avenue is an excellent example of 2 multiple lane
highway with low planting.

Other features of hishway design considered from the stand-
point of safety are crowns and superelevations of curves. Al-
though, crowns are not of major importance in comparison with
other phases of design with safety in mind, it must be noted,
however, that if the surface of & roadway were made level ac-
ross the road, rain water and melting snow would not run off,
thus causing the highway to be slippery and dangerous when wet,
The crown or difference in elevation between the center and tre
edges of a road depends on the type of surface used, It is ob-
vious that water will run off more readily from a smooth con-
crete surface than from a rough one. For high type surfaces a
crown of 1/8th of an inch per foot has been found to be suff-
icient. The crowned surface is generally curved to the shape of
a parabola. In laying out the crossection of a highway it is

necessary to obtain elevations of the surface at different
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points, using a parabolic surf:zce, this verticle distance of
any point below a horizontal line tangent to the roadway sur-

face at the center is computed es follows:
2
o - o ™)
We P4
Y - verticle distance of point below tangent
at center of road in inches.

C: crown of road in inches.

X- horizontal distance to point from center
line of roadway in feete.

W= width of roadway in feet.

Example: the concrete pavement 40 feet wide is to have a
crown of 1/8 inch per foot of half-width. If a
parabolic crown is used, to find the ordinate
from the tangents at the center surface at a
point 5 feet from center,

Solution: C- 1/8 x 20 = 2.5 in at 5 feet from center.
- 2 2 .
Y= 4AC = Ax2 X *® 4 X 2,5 X 25 = 0,156 in
‘WE‘ 4‘165"‘5" 1600

The ideal alignment for safe design would be a perfectly

straight road between two points at grade. This would elimin-
ate all vertical and horizontal curves and the resulting dan-
gers they entail, Of course this is not only impossible but
not desirable because it would be tiresome to drive. There-
fore, the radius of the numerous curves that are necessary
to £it a highway line into its natural surroundings has an

important bearing on the safe driving speed and sight-disa-
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tances of the road. The present standards set limiting, minimum
radii for curves that are, for the most part, greater in len-
gth than previously used. The outer edge of the pavement it-
self is elevated in varying degrees depending on the length of
radius of the curve. If this relationship is worked out care-
fully it will actually facilitate steering around the curve,
eliminate the need for a quick recovery coming out of the cur#a,
and cause only a very slight awareness of any superelevation.
The degree of superelevation must not be so great as to cause
lateral slipping toward the center when a slower speed is used
during rainy or icy weather. The following computations and
illustrations will serve as examples to the reader on how
vertical and horizontal curves, and sight-distances are worked
out in design. A word should be said about sight-distances,
V¥ertical sight-distance is the distance at which a driver, whc
is sitting in a vehicle with his eyes assumed to be about 5 fe-st
above the pavement, can see a corresponding point or another
care. This distance on a straight level road is about eleven
miles, and is limited by the earth's curvature. Horizontal
sight-distance is a similar measure in which the limiting ob-
struction would be found along the side of the highway on the
inside of the curve. This could be the shoulder of a hill, a
building, or trees. Vertical and horizontal sight-distances

are computed for every foot of highway constructed.
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Chapter Eight

Minor Points of Design

The degree of safety of a highway is not only determined
by the actual design, but also is dependent on such things as
guard rails, retaining walls, traffic control devices, snow
fences and fences, and illumination., These several mentioned
points of design will now be taken up separatelye.

Guard rails may be typed according to the material they
are constructed from: wood, cable and wire tape, wire mesh,
steel plate, and masonry. However, no matter what material
they are made from, they must be a protection and act as a
warning. To be effective and lend safety to the motorist, they
are used wherever the highway is on an embankment and the side
slopes are steeper than 1 vertical to 3 horizontal, or on any
section of a highway where the motorist needs this added pro-
tection. Their main function is to prevent a vehicle from lea-
ving the highway in case the onerator loses control of the ma-
chine.

The ideal guard rail should deflect the vehicle back to=-
ward the roadway rather than check its speed or stop it. Also
the guard rail should be constructed in such a manner as not
to entangle the vehicle, but to allow it to slide freely along
the face of it. It is impractical to construct a guerd rail
with sufficient strength to stop a fast-moving car quickly.If
the guard rail stopped, within 1 or 2 feet, a vehicle that

struck it at high speed, the damage caused would be almost as

great as if the vehicle had gone over the embankment. Other



design features of a guard rail should include low enough
height so as to come in contact with the bumnper and the wheels
of the car, any other part of the vehicle, such as the hood,
would crush easily under impact. They should be hishly visible
and not be constructed so as to cause snow to drift in their
localitye.

Wooden guard rails were used extensively during the horse
and buggy dayse. They still are used to some extent where lum-
ber is plentiful, The disadvantage of the wood type is that
Jumber of small cross-sectional area has a low resistance to
shock and when struck will damagze the vehicle. However, if
heavy planks are used, say 3 x 10 inches and larger, this dis-
advantage will be overcome to a great degree,

Steel cabvle railings usually consist of 3/4 inch wire
tape mounted on wood posts, steel posts, and masonry posts.
Although low in cost to build, they are difficult to see. Also
they sag with weather changes; and they actually don't give
too much protection when struck. If spring tightening devices
and off-set lugs, to hold the cabie away from the post, are
used, this decreases the last two mentioned disadvantages to
some degree, while durable white paint will increase their
visibilitye.

Wire mesh guard rails are usually from 14 to 22 inches
wide and are usually palced on vood postse. They have several
adventages; they don't cause too mmuch damage when hit; they
are strong and tend to deflect cars back to the roadway when
struckj and when painted white they are very easily secn. The

disadvantage of using them is when struck the section rmst be
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replaced, also they tend to act as snow fences in snowy re-
gionse.

There are several types of steel plate guard rails us-
ed today. Some are directly connected to posts, while otuners
have spring connections giving greater deflection. They cause
little damage to the vehicle when struck and are easily seene.
However, they too act as snow fences in snow areas.

Masonry railings are not used very often, except where
appearance is important. They make a very neat looking rail,
and need not be painted.,

Guard rails demand special treatment. They must be kept
painted to maintain their visibility effectiveness; and they
must not be placed 80 as to become hagards themselves. Since
guard rails meke parking on the shoulders impossible and since
guard rails make mowing and maintaining the shoulders diffic-
ult, sometimes other construction would be better employed,
such as making the slope 4 horigontal to 1 vertical.

In unusal cases gravity retaining walls, which depend on
their own weight for stability, are needed in highway constru-
ction. However, they are rarely needed over 18 feet in height.
They provide safety by stablizing the slope and thus keeping
the soil off the road surface. This of course would lend saf-
ety by preventing skidding caused from mud from the slope, and
losing oonfrol of the vehicle by striking rocks and other such

objects that had rolled onto the highway. Retaining walls are
usually built in monolithic sections of 20 to 25 feet in len-
gth; expansion joints are provided between these sections. The

expansion joints may consist simply of & plane of weakness
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between the sections, produced by allowing one section to set
before building the adjacent wall; or it may be a key jointe.

Another phase under minor points in design is signs and
signals which is an important part of any hizhway system. Si=-
gns and signals have an essential place in the safety of a
hizghway. Their design and installation has become quite well
standardized throuszh the efforts of the Americen Association
of State Highway Officals. Highway signs may be classified as:
route markers; guide series; informational series; re-ulatory
series; warning series; and caution series.

As the speed of the vehicle has increased and as the vol-
ume of traffic has increased, tralffic control devices have be-
come more necessary for warning and guiding traffic. Intersec-
tions are the most critical points in traffic control, espec-
ially where two primary routes cross. However, excessive use
of signs to warn of hazards, signs to indicate traffic regul-
ation, and the misapplication of control devices not only wa-
stes the public's money,.but has in many cases acconplished
the reverse of the intention, causing delay, confusion, and
disrespect for and disregard of all control devices,

Traffic control requirements in any specific case cannot
be determined by guess work. They should be based on sound en-
gineering principles established by factual studies of accie-
dents, speeds, physical conditions, and delay. In this way the
problems can bhe understood and subsequently solved with the
result of safety to the motorist,

Modern highway speeds and complex intersections require

signs which can be seen at long distances and understood in-
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stantly. This calls for simple standardization. The following
characteristics of signs have been standardized and made simple
to provide uniformity of significance in the sisns themselves,
and to make famiiiarity with them easy to aquire even by the

most causual driver:

(a) application (d) location (g) wording
(b) shapes (e) diminsions (h) lettering
(c) colors (f) symbols (1) illumination

The first series to be discussed is route markers. The
great advantage to tourists in having continuous rovte numbers
across the states is quite obvious. At the time this system was
established, each of the numerous trail associations had its
ovn distinctive marker and, in many cases, several such ass-
ociations used the same highway throushout varying distances.

A situation demanding correction was thus created. Some of
these trail associations made very fine contributions to the
highway improvement program. Others did much more harm than
good, for sometimes one section of a road might carry as many
as eight different sets of route markers, Over 25,000 miles of
wniformly marked roads in the United States highway system has
done away with all this confusion.

The standard route marker for all U.S. highways is a shield
bearing the name of the state across the top and below the let-
tering U.S., followed by the route number. The design is black on
a white background. These shields are used only in marking U.S,
highwayse. In general, highways marked with odd numbers run nor-
th and south, while those with even numbers run east and west.

Various types of markers are used for state routes in the

different states., Several states, including Arkansas, Illinois,
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M-1  U. S. ROUTE Shield

Regulation shield for marking of all federal routes. Mount on one steel post, or special steel frames.
(Refer to "'Sign Assemblies - Standard Types' for details of erection.)

M-2 U.S. ROUTE Shield

Special shield for limited use in urban areas where space does not permit use of regulation size. Ap-
proval for use must be granted by main office.  Mount on one steel post, or special steel frames.

M-3 U.S. ROUTE Shield

Special shield for limited use in urban areas where space is restricted.  Approval for use must be granted
by main office. Mount on one steel post, or special steel frames.

M-4 FAS Marker

Use at beginnings and ends of Federal Aid rosd projects off the regular Federal Aid System, such as
NRS, WPS, WPGS and FAGS projects. It is necessary that the project number be shown but not the
prefix letters. Indicate directions by use of the small arrow. Mount on one wooden post on the
north side of East-West highways and on the east side of North-South routes. (Refer to ““Sign As-
semblies—Special Types for details of erection.)

M-5 FAP MARKER

Use at beginnings and ends of Federal Aid road projects on the regular Federal Aid System, such as
FAP, NRH, WPGH and FAGH projects. It is necessary to show the project number but not the prefix
letters. Indicate directions by use of the small arrow. Mount on one wooden post on the north side
of East-West highways and on the east side of North-South routes. (Refer to ““Sign Assemblies—
Special Types™ for details of erection.)
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M-10 STATE ROUTE Marker

Use on all State numbered routes. Mount on one steel post, or special steel frames. (Refer to “Sign
Assemblies—Standard Types™ for details of erection.)

M-15 SUPPLEMENTARY ROUTE Marker

Use on all supplementary lettered routes. At county lines erect supplementary markers for each direc-
tion of travel indicating the county to be entered. Mount on one steel post, or special steel frames.

(Refer to ““Sign Assemblies—Standard Types™ for details of erection.)
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Missouri, Ohio, and South Dakota useAthe state outline bear-
ing the route number as a distinctive marker. Some states use
markers such as a covered wagon in Nebraska, the conventional
sunflower in Kansas, the indian head in North Dakota, and the
triangle in Wisconsin,

The U.S. markers should always be placed at intersections
where a motorist is likely to becore confused, such as: at all
right angle intersections; at all intersections where the route
turns; at all irreguler intersections, such as a "I" or "Y";
at all intersections where the type of road surface changes,
On straight, open stretches of a U.S. numbered highway, add-
itional markers placed at one and one-half mile intervals
help the motorist considerably. State route markers should be
used in similar cases.

Informational signs are used to give locations, distances,
speed limits, cities on a route, etce. They are of value to the
motorist, but do not relate to the immediate or detailed con-
trol of the vehicle. The standard shape is rectangular., They
are usually black symbols or letters on a white background
and are bordered in black for higher visibility. ( see illus-
trations)

Directionzl signs are those which give information nec-
essary to the operation of the vehicle. There are two groups

of this type; those requiring readiness to act, for example:
school zone. These are square in shape and are usually black

on a federal yellow background. The second group includes con-

ditions for definite action, for example: curve. The standard
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G-1 RIGHT FINGERBOARD
G-2 LEFT FINGERBOARD

Use at Class B junctions to inform traffic of the direction and distance to various destinations (See "'Sign
Assemblies—Fingerboard Erection” for details). For restricted use at important intersecting roads
with marked routes, by indicating directions only towards points along intersecting roads. A mex-
imum of two fingerboards for any given direction will be permitted. Fingerboards with black arrows
shall be used to indicate numbered lake roads in the Lake of the Ozarks region. Mount on wooden post.

G-3 RIGHT DIRECTIONAL GUIDE
G-4 LEFT DIRECTIONAL GUIDE

Use at junctions, intersections, or other locations to indicate towns, scenic views, historic sites, or other
points of importance that are in close proximity to the highway, generally not more than one mile away.
For restricted use at junctions to supplant “Fingerboards’™™ when greater legibility is desired, or to guide
the traveler at confusing locations. Mount on single wooden post.

G-5 RIGHT BUSINESS DISTRICT Sign
G-6 LEFT BUSINESS DISTRICT Sign

Use at principal intersections, within city or town limits leading to the business district. Mount on
single wooden post.

G-7 MULTIPLE-LINE MILEAGE Sign

Use on major through highways designated by the main office. Use 400 to 1000 feet beyond junction
of Federal or State numbered routes. Use at city or town limits on the opposite side of the road from
the “City Limits" sign for traffic leaving the city or town. Do not use at unincorporated villages. Word-
ing is limited to a maximum of three lines which shall include the name and distance to the nearest com-
munity where motor or personal services may be obtained, the nearest important city within fifty to one
hundred miles on the route, and the terminal city, or sometimes, the most important city on the route
which is near the terminal point. Mount on wooden posts.
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- vZ2 22 INFORMATION MAP Sign

z«2z or closed roads where no marked cetours sre provided.  Use as few words
Tz i1tz mzzessary information.  Use of routing arrow is optional.  The map should remarr
z o = =2 "You are here” located at the bettem of the sign.  The compass arrow
with the basic directions North, East, South or West changed to meet the
crorization is permitted for special cases. (Refer to “Sign Assemblies—

.
IS
i

s — - zzti s O

STz “2z - zzisls erection.) This sign may be supclemented by “Road Information™ and
STezomoTmatoz- . F7 MNount on wooden posts.
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M-40 JUNCTION Sign

Use 400 to 1000 feet in edvance of junctions and in conjunction with route markers to indicate points
where other routes meet or cross the route being traveled. Mount above markers on one steel post
or special steel frames.

D-81 DIRECTIONAL Marker—AHEAD ARROW

D-82 DIRECTIONAL Marker—LEFT ARROW

D-83 DIRECTIONAL Marker—LEFT—AHEAD ARROW
D-84 DIRECTIONAL Marker—RIGHT ARROW

D-85 DIRECTIONAL Marker—AHEAD—RIGHT ARROW
D-86 DIRECTIONAL Marker—DOUBLE ARROW

Use as confirmation markers at junctions or intersections where motorist might be confused as to correct
routing, where approach is made at high speeds, or where intersection covers large area requiring larser
signs for legibility. May be used in conjunction with ‘*Junction Assembly”” when authorized by msin
office.  Mount on one wooden post or in urban areas on one tall steel channel post.

D-87 PULLER Marker

Use as puller marker at junctions or intersections where motorist might be confused as to correct routing,
where approach is made at high speeds, or where intersection covers large area requiring larger signs
for legibility. Mount on one wooden post or in urban areas on one tall steel channel post.
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R-1 BEGIN. .. .. ... MILE ZONE Sign

Use at the beginning of speed zones or at points where zone speeds change. It is limited to those
areas outside incorporated limits of cities or towns, where the locality is built up and unlimited speeds
would prove hazardous. Also it is used at approaches to large cities to step down speeds, serving
as a transition between unlimited movement and restricted speeds. Use “Resume Speed™ at the end
of the zoned or restricted areas. Mount on one wooden post or, in congested areas, on one tall steel
channel post.

R-2 SPEED LIMIT. ... MILES Sign

Use within corporate limits of cities, towns or villages having approved speed ordinances. Indicate
changes of restricted speeds by erecting the proper “"Speed Limit" sign. Repeat this sign at selected
intervals for confirmation. Use “Resume Speed” at end of the speed restrictions. Mount on one
wooden post or, in congested areas, on one tall steel channel post.

R-3 SPEED ZONE... ... MILES Sign

Use in a manner similar to the “‘Begin Zone™ sign but to serve as a confirmatory indicator within the
zoned area, where it should be placed at selected intervals. Mount on one wooden post or, in
congested areas, on one tall steel channel post.

R-4 CURVE SPEED Plaque

Use in conjunction with “Curve”, “Turn”, or “Winding Road" signs on major routes designated by
the main office. All curves on these routes shall be tested with a “Ball-type” Bank Indicator to
determine, in both directions, the average uniform speed necessary to maintain 10° of bank. The
lower speed indication, expressed to the nearest five mile increment, shall be selected for marking
the curves. Because of settlements, increased roughness of surface, or other causes, the curves should
be rechecked annually and corrections made. Refer to “Sign Assemblies—Standard Types” for
mounting details.

R-5 RESUME SPEED Sign

Use at the end of any restricted speed limit or zone, as well as to supplement “"Slow...c.ce..._. Miles”
signs when the succeeding section of road is unrestricted. Mount on one wooden post, portable
essel, or temporary steel post.

R-6 PROCEED... .. ... MPH Sign

Use only in conjunction with ““School Walk Stop™ assembly. Refer to “Stop Series” for mounting
details. Reverse side of sign may read “Resume............. MPH" or "Resume Speed’.
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shape is dismond or square with its diagonals vertical and
horigontal. Cne sign in each group has a speciesl shape to

give more emphasis and be easier recognized by the driver,

The round railroad sign with a cross buck is special in the
first group. There are two ways of placing the cross buck,

with the diagonals vertical and horizontal, or with the dia-
gonals at a 45° angle. The latter is the better method, for an
angle at 45° will cut across most normal objects in range of

the driver$ vision, thus making it stand out more.

The other group has a special sign- the stop sign, which
is octagonal in shape and is black letters on a federal yellow
background,

The general position for placing signs is on the shoulder,
if they are placed beyond the ditch line, they become practically
invisible at night. These should be placed on both sides of the
road facing traffic. The angle of placement is very importante.
It has been found that if the sign is set at zbout 300 that this
will kill glare at night when the car's headlights are on them,

Visibility is important as it is the facility that a sign
can be picked out of its surroundingse. This is dependent on
size, shape, color, height of placement, location, wording,
and style of lettering. The size and shape of signs has be-
come quite well standardized by the American Association of
State Highway Officals and has been widely adopted by the
states ( see letters in back) The basic size of signs is
24"x24" with a tendency to using larger sizes because of in-

creased traffic speeds. The size increase is in 6" incrementse
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C-1 FRESH OIL Sign

Use 400 to 600 feet in advance of freshly oiled surfaces, requiring cautious driving. Remove when
condition ceases to exist. Mount on portsble easel or temporary steel post and use night torches
if conditions justify.

C-2 LOOSE GRAVEL Sign

Use 400 to 600 feet in advance of roads covered with loose gravel which necessitate cautious driving.
Mount on portable easel or temporary steel post and use night torches if conditions justify.

C-3 SLIPPERY WHEN WET Sign

Use, temporarily, at points of danger where roadway surface is unusually slippery when wet. Remove
when condition is corrected.  Mount on portable easel or temporary steel post.

C-4 SCHOOL ZONE Sign

Use 400 to 600 feet in advance of schools fronting along or in close proximity to highway right of way.
Erect only during the school season. Mount on wooden post.

C-5 CHURCH Sign

Use 400 to 600 feet in advance of churches, fronting along or in close proximity to highway right of way.
Limited use recommended. Issued upon signed contract, snd mounted on portable easel.

C-6 HOSPITAL ZONE Sign

Use 400 to 600 feet in advance of hospitals only where highway travel causes undue noises. Limited
use recommended. Mount on wooden posts.
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W-1 ADVANCE RAILROAD WARNING Sign

Use 400 to 600 feet in advance of railroad grade crossings.  Mount on wooden posts.
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S-1 HILL Sign
Use 400 to 600 feet in advance of descending grades under the following conditions:

On a 6 percent grade, more than 2000 feet long
10 percent grade, more than 450 feet long
15 percent grade, more than 200 feet long
16 percent grade, any length.

Use where the percentage or length of grade is less than the above indicated when a sharp curve is
located on the grade. Mount on wooden posts.

S-2 CURVE RIGHT Sign
S-3 CURVE LEFT Sign

For concrete or bituminous pavement, use when the "“Ball type'” Bank Indicator shows banks of 10°
or more at speeds of 31 to 60 miles per hour. For gravel roads use when Bank Indicator shows banks
of 10° or more at speeds of 26 to 45 miles per hour. Erect signs 400 to 600 feet in advance of curve
and mount on wooden posts.

S-4 S CURVE RIGHT Sign
S-5 S CURVE LEFT Sign

Use determined in the same manner as for “Curve’’ signs. Usually confined to a single pair of reverse
curves with intermediate tangents not greater than 400 feet. The arrow shall point in the direction
of the first curve. Erect 400 to 600 feet in advance of first curve and mount on wooden posts.

S-6 TURN RIGHT Sign
S-7 TURN LEFT Sign

For concrete or bituminous pavement, use when the “Ball type™ Bank Indicator shows banks of 10°
or more at speeds up to 30 miles per hour. For gravel roads, use when Bank Indicator shows banks of
10° or more at speeds up to 25 miles per hour. Erect signs 400 to 600 feet in advance of turns and
mount on wooden posts.

S-8 S TURN RIGHT Sign
S9 S TURN LEFT Sign

Use determined in the same manner as for “Turn' signs. Usually confined to a single pair of reverse
turns with intermediate tangents not greater than 400 feet. The arrow shall point in the direction
of the first turn.  Erect 400 to 600 feet in advance of first turn and mount on wooden posts.

S-10 NARROW ROAD Sign

Use 400 to 600 feet in advance of restriction of width in roadway which permits two lane movement,
but necessitates a reduction of speed for safety. Mount on wooden posts.
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S-11  PAVEMENT ENDS Sign

~Use 400 to 600 feet in advance of change in high type rosd surface to a granular or earth road surface,
necessitating a reduction of speed. (Refer to “Gravel Ends” and “Road Ends” signs.) Mount on
wooden posts.

S-12 STOP AHEAD Sign

Use 400 to 600 feet in advance of stop signs at hazardous locations. Mount on wooden posts.

S-13 DIP 300 FEET Sign

Use 300 feet in advance of dips or depressions in the roadway, in urban areas, which cause riding
discomforts or create driving hazards. Mount on wooden posts, portable easel, or temporary steel
posts.

S-14 SLOW DANGEROUS DIP Sign

Use 400 to 600 feet in advance of dips or depressions, in rural areas, which cause riding discomforts
or create driving hazards. Mount on wooden posts, portable easel, or temporary steel posts.

S-15 WINDING ROAD Sign

Use 400 to 600 feet in advance of a group of three or more curves with or without short tangents when
it would prove infeasible to erect “Curve” signs. Repeat at regular intervals if curves extend over a
distance greater than 3 miles. Mark all turns within this zone with “Turn” signs. Mount on wooden
posts.

S-16 SLOW....._._.. MILES Sign

Use 400 to 600 feet in advance of unincorporated towns or villages, intersections, or other locations
which require, for safety, that vehicles proceed at a speed not greater than that indicated on the sign.
Mount on wooden posts, portable easel, or temporary steel posts.
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SIGNS

Traffic signs are devices mounted on fixed or
portable supports whereby notice is given in the
form of words or symbols, officially erected for
the purposes of regulating, warning or guiding

traffic.



=30-

The diamond shape sign has the highest general visibility
for the reason that it has the largest horizontal and vertical
diminsions; also because its boundries cut across the normal
lines of nature. This value is lost, however, since there are
over twenty different indications made by word and symbol on
this shape.

The square sign is next in line<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>