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IATRODUCTION

The safe and 2fficiant Flew of traffic is an ctjzctive equally siarcd

Uy state and local officials. Traffic congestion, vehicular and pedes-
trian accidents, and motorist delays ars usually an indication of de-
ficisncies in the roadway system or in the use of traffic control de-
vices along this system.

Roadway and/or signing defects are often difficult to identify. While
the symtpom of the problem may Pe readily apparent, e.g., 3 large nun-
cer of traffic accidents, the actual problem may be obscure.

The purpose of this handbook is to assist local officials in pin-
pointing these problems and to provide them with some insight into the
answers to typical traffic engineering questions which arise. This
nandbook has condensed many of the thoughts and requirements of tne

.ianual on Uniform Traffic Control devices for Streets and Highways (AUTCD)

and the standa;d edition of the NUTCD should be obtained for additional
and more complete references.

Traffic control warrants contained in this handbook do not neces~-
sarily represent those used by the Kansas Department of Transportation.
All traffic control devices used on the Kansas Department of Trans-
portation right-of-way must comply with the policies of the Department.
The District Engineer should be contacted when questions arise involving

state routes.
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CHAPTER 1

CONTENTS OF THE HANDBCOK

The following chapters deal with each of the major subject areas
pertaining to the regulation of motorists and pedestrians. Each chap-
ter covers typical problems or questions relating to a specific subject
and discusses the techniques needed to analyze the problem and develop

its proper solution. Those subjects covered include:

* Stop Signs * Railroad Crossings
* Speed Limits * Driveways
* School Crossings * Commercial Development

*

* Traffic Signs Turn Restrictions and

* Pavement Markings One-Way Streets

* Parking * Traffic Accidents

* Flashing Beacons * Work Zone Protection

* Signals * Traffic Ordinances

* Roadway Lighting * Traffic Sign Inventory

How to Use The Handbook

This handbook has been designed to be used in either of two ways.
If the particular problem (or question) is apparent, the reader can re-
fer directly to the chapter covering that subject area. For example,
if the question is When Should a Four-Way Stop be Used?"' the answer
can be found by referring directly to the chapter on Stop Signs.

As an added feature, a cross reference will be placed in the Ap-
pendix. This index cross references symptoms to causes (or problems).
For example, the symptom might be a large number of right-angle colli-

sions; however, the cause (or problem) may not be readily apparent.



in this instance, the reader would turn to the symptom ''right-angle
collisions'" in the index and be referred to the appropriate subject

material in the front of the book, i.e., ''Stop Sign Visibility,'" 'Signal

Placement,' etc.



CHAPTER 2

STOP SIGNS

Stop Signs have generglly been used by authorities as a catch all
remedy for a host of vehicle management problems. It is not difficult
to figure out why they are used so frequently. A Stop Sign is a low-
cost device, easy to install and its message is clear and universally
understood. This chapter will help you determine when a Stop Sign
is the right sign to use, when other signs are more appropriate and how

to go about installing a Stop Sign.
WHEN SHOULD A STOP SIGN BE USED AT AN INTERSECTION?

Stopping frequently at intersections can create problems for traf-
fic flow, is irritating to motorists, and in this age of energy problems,
causes vehicles to use more fuel. So it is important that Stop Signs
only be used where they are clearly needed. The question becomes then,
what situations and problems at an intersection are best solved by in-
stalling a Stop Sign? Let's start by examining when traffic should be
stopped on either one or both streets at an intersection.

1. A Stop Sign is appropriate when a less frequently traveled
road intersects with a highly traveled road and traffic
crossing this road creates a hazard.

2. A Stop Sign should be used when a street enters a through
highway or road with frequent and possibly high speed
traffic.

3. In an area where several of the intersections are signalized,
an intersection with no signals should have Stop Signs fac-
ing the minor street.

k. Stop Signs should be used at other intersections where a
combination of high speed traffic, a restricted view and

frequent accidents indicates the need for one or more
Stop Signs.



WHEN 1S IT NECESSARY TO INSTALL A THREE OR FOUR-WAY STOP?

One indication that an intersection may need three or four-way stop
control is its accident pattern. |If five or more right and left-turn
collisions (or right-angle collisions) have occurred during the past 12
months, this type of control may be justified.

A three or four-way stop can also be used as an interim measure to
control traffic while a signal is being installed at the intersection.

The volume of traffic which enters an intersection is another guide-
line to help you determine when to use this control. One of the follow-
ing criteria should be met.

1. The total number of vehicles entering the intersection from
all approaches must average at least 500 vehicles per hour
for any eight hours of an average day, and vehicles and
pedestrians combined from both approaches of a minor street
or highway must average at least 200 units per hour for the
same eight hours. (You must also determine that vehicles
entering from the minor road are delayed at least 30 seconds
on the average during the hour when the traffic volume is
highest).

2, If 85 percent of the vehicles are approaching the inter-
section on the main road at more than 40 miles per hour,
a multiway stop can be used when there is an average of
350 vehicles entering the intersection per hour for an
eight hour period and combined vehicles and pedestrians
on both approaches of the minor road average 140 units
per hour for the same eight hours. (Chapter 3 - Speed
Limits - explains the technique for measuring the 85th
percentile speed).

THERE IS A STOP SIGN IN TOWN WHICH DRIVERS EITHER SEEM TO MISS OR JUST
GO ON THROUGH IT. WHAT SHOULD BE DONE ABOUT IT?

Possibly the Stop Sign has been mounted in the wrong location or
is of insufficient size to be properly visible. The instructions below
are some guidelines to follow in selecting the proper size and location

for these signs.



1. The normal Stop Sign is 30" x 30" in size. On low-volume local
streets and secondary roads with low approach speeds, a 24' x
24" sjze may be used. For roads having a speed limit of 40
miles per hour (MPH) or greater, the signs should be increased
to 36" x 36",

2, The proper location for a Stop Sign is illustrated in Figure 3
on Page 26. The essential points to remember are:

* Lateral distance from edge of pavement is six to twelve feet.
* Mounting height from the pavement to the bottom of the sign
is five feet (seven feet along roads where vehicles are

likely to park or pedestrian activity occurs).

* The sign should be placed along the roadway at the point
where the vehicle is to stop.

If your signs are of correct size and in the proper location, it is
possible that motorists are not being adequately warned of the need to
stop. ''Stop Ahead'' signs should be used where the speed limit exceeds
7 40 MPH and/or the curvature of the roadway prevents the motorist from
seeing the Stop Sign as they approach the intersection. On certain oc-
casions, the sign's visibility may also be obscured by trees or shrubs.
Table | gives the minimum distance back from the intersection that the
sign should be visible for different approach speeds.

TABLE 1
VISIBILITY REQUIREMENTS

FOR STOP SIGNS

Minimum )(a)

Approach Speed Distance (Feet
20 MPH 175
30 MPH 200
40 MPH 275
50 MPH 350
55 MPH 425

(a)For concrete or asphalt pavement having a maximum
grade of three percent. -



1f the Stop Sign is not visible for the minimum distance shown in
Table 1, "Stop Ahead" signs should be used. |In rural areas, these signs
should normally be placed about 750 feet in advance of the Stop Sign.
On high-épeed roads and particularly on freeways, advance warning dis-
tances may have to be as great as 1500 feet or more. Where speeds are
relatively low in urban areas, the advance distance should be only about

250 feet,
CAN A STOP SIGN BE USED TO CONTROL EXCESSIVE SPEED?

If the only reason for placing a StoP Sign at an intersection is
to control vehicle speed, it should not be used. Where Stop Signs have
been used in an attempt to control speeds, it has been observed that
speeds downstream are higher than if the Stop Signs were not there.
Better options are available including speed control signs, expanded en-
forcement of the present speed limit and warning signs such as ''School
Crossing' or 'Pedestrian Crossing,' depending on what is appropriate.
SHOULD A STOP SIGN BE PLACED NEXT TO A TRAFFIC LIGHT IN CASE THE POWER
FAILS?

Stop Signs should never be used in conjunction with traffic sig-
nals because when the traffic signal is working, motorists can become
confused about which control device to obey. It is important that only
one type of traffic control sign (and/or signal) be used at any given
installation.

IF THE TRAFFIC VOLUME IS LOW AT AN INTERSECTION BUT THE STREETS ARE
CROSSED FREQUENTLY BY PEDESTRIANS, SHOULD A STOP SIGN BE USED?
If traffic volumes are low, adequate traffic gaps should be avail-

able for pedestrians to safely cross the roadway without the aid of



Stop Signs. Stop Signs should not be used under such circumstances.
Hore information concerning traffic controls for pedestrians can be found

in Chapter 4 - School Crossings.
SHOULD A STOP SIGN BE USED AT A RAILROAD CROSSING?

Stop Signs are permissible at railroad crossings if visibility is
insufficient to see trains approaching the crossing and the crossing is
not signal controlled. Figure 21 and Table 9 on Pagel03 of the Chapter
on Railroad Crossings illustrate the minimum sight distance required.

If visibility is less than these minimum requirements, Stop Signs may be

used.
ARE THERE OTHER USES FOR STOP SIGNS?

Certain other situations may dictate the use of Stop Signs. These

include:

1. The "T" intersection of two major roads. At a minimum,
the road entering on the leg of the "T" should be stopped.

2. School Crossings - see Chapter 4.
3. Road Construction - Hand Stop Signs may be used to control

the flow of traffic at locations where construction has
narrowed the roadway to one traffic lane.

ARE TURNABLE OR ROLL OUT STOP SIGNS PERMISSIBLE?

The use of Turnable or Roll Out Stop Signs is not recommended. Turn-
able Stop Signs are subject to vandalism (being turned at the wrong time
or in the wrong direction). Consequently, this method of control can be

confusing to motorists and should be avoided.



WHAT SHOULD BE DONE IF A STOP SIGN IS NO LONGER MEEDED?

If it has been determined that a stop sign or stop signs are not

necessary and that their absence will not create an unduly hazardous

situation, the following procedure should be followed for their removal:

1.

Obtain a list of all stop signs to be removed and cate-
gorize each by type of intersection (4-way stop going
to 2-way stop, 4-way stop going to uncontrolled, 2-way
stop going to uncontrolled, etc.).

Prearrange a target date for the removal to be completed.
Depending upon the total number of intersections affected,
either all stop signs are removed at one time or a few are
removed on each of several days. |If the latter procedure
is used, each group of intersections should be converted
independently of all other groups.

Publicize the data and details for the stop sign removal
through the various media (newspaper, radio, television,
flyers, etc.). Make sure that the publicity is wide-
spread and is at least a week or two in advance.

Several days immediately preceding the target date (the
number of days required will depend upon the number of
signs to be removed), erect warning signs at the affected
intersections as follows:

a. Four-way to two-way stop:

Place warning signs at the approaches which
retain stop signs to indicate that cross
traffic do not stop. ’

b. Four-way stop to uncontrolled:

Place warning signs at all approaches to in-
dicate that oncoming and cross traffic do not
stop.

c. Two-way stop to uncontrolled:

Place warning signs at all approaches to indi=
cate that oncoming and cross traffic does not
stop. These warning signs should be kept cov-
ered with burlap sacks or other suitable mate-
rial until the stop signs are removed on the
target date.



5. In the early morning hours of the target date, all designated
stop signs should be removed and warning signs exposed. It would be
advisable to have law enforcement personnel present during the removal
to direct traffic. )

6. Leave warning signs in place for 90 days so that local drivers
may fully adjust to the new conditions.

7. Conduct follow-up studies on the effects of stop sign removal
to include citizens' response and possible increase/decrease in traffic
accidents.

DO STOP SIGNS REALLY PROVIDE MORE EFFECTIVE INTERSECTION CONTROL THAN
YIELD SIGHS?

No! |If there is adequate sight distance at an intersection and
stop signs are not warranted by volume, the use of yield signs is more
effective as well as more economical and energy efficient.

The use of stop signs where they are not needed causes disrespect
for the sign message among drivers. They will not stop unless they
feel that there is reason to do so.

IS THERE A TRUE ENERGY SAVINGS REALIZED WHEN UNNEEDED STOP SIGNS ARE
REMOVED FROM AN INTERSECTION?

Yes! Each time a vehicle slows, stops, and accelerates it con-
sumes more fuel (at a cost to the driver) than if It had been permitted
to maintain its original speed. Table 2 shows the cost (in dollars)
per 1000 speed change cycles (i.e., reducing and resuming speed). There-
fore, if it is possible for fewer vehicles to slow or to stop, the
result will be a true savings in energy and its cost. The following

example illustrates the savings that can be realized.
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An intersection is controlled by a 4-way stop, where there are vol-
umes of 3000 vehicles per day (VPD) on the major road and 1200 VPD on
the minor road and speed limits are 30 mph on both roads. If it was
decided that the intersection should be changed so that only minor
road traffic was required to stop, the resulting savings could be com-
puted. The 3000 vehicles on the major road would no longer incur the
extra expense of the 30-stop-30 speed change cycle. From Table 2:

3000 VPD x $23.59 per 1000 speed change cycles, or $70.77. This is a
savings for just one day at one intersection; however, it should be
noted that the minor leg traffic would have somewhat increased delays,

resulting in a slight reduction in the actual savings.
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Table 2: Excess Cost of Speed Change Cycles Above Cost of Continuing
at Initial Speed for Passenger Cars* (dollars per 1000 speed
change cycles)

Speed reduced to and returned from, mph

Initiail
Speed,
mph Stop 10 15 20 25 30 35 40 45 S0
5 1.35
10 4.13  1.90
15 8.30 4.83 2.29 i
20 12.59 8.48 5.13 2,16
25 18.30 13.19 3.05 5.30 2.77
-30 23.53 17.96 13.33 32.12 5.99 3.14
35 28.38 22.88 17.72 13.41 3.66 6.28 2.90
] 34.17 28.10 22.70 17.90 13.73 9.86 6.05 3.09
45 39.45 33.%6 28.08 23.09 18.21 13.76 9.62 .30 3.11
50 k.74 39.11 33.57 28.33 22.78 18.04 13.42 9.57 6.15 3.12
55 50.03 b&4h.50 38.85 33.50 27.98 22.75 17.62 13.15 9.24 5.84 2.30

Source: 'A Manual on User Benefit Analysis of Highway and Bus-Transit
Improvements, 1977," American Association of State Highway
and Transportation Officials, Washington, DC, page 132.

*January 1980 price levels and conditions, adapted from January 1975

figures by multiplying by 1.627.

This multiplier does not take into

account changes which have occurred in fuel consumption rates.

'""Procedure for Estimating Highway User Costs, Fuel Consumption

and Air Pollution,'" May 1980, U.S. Department of Transportation,
Federal Highway Administration, Washington, DC, page 13.
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CHAPTER 3

SPEED LIMITS

Speed limits are among the most important tools one can use to
create and maintain a safe traffic environment. But as in all reg-
ulatory procedures, the limits imposed must be reasonable and appro-
priate to the situation. Most drivers tend to requlate their own
speed according to traffic, road and weather conditions, and as ex-
plained in this chapter, it is the normal driver's speed which is used
by traffic engineers as a guide in setting speed limits.

Other factors must be taken into account, of course, in setting
appropriate speed regulations. School zones, for example, create
especially hazardous conditions and require special consideration. The
important point to remember is thaﬁ the speed regulation informs the
driver of the limits in which one can safely operate a vehicle under
normal circumstances and within which the driver can be expected to
react safely to driving problems. Setting speed limits at appropriate
levels will create a reasonable flow of traffic, discourage violation

of the law and help keep streets and highways safe.
IS THERE A MAXIMUM SPEED LIMIT ESTABLISHED BY THE STATE OF KANSAS?

The state of Kansas Motor Vehicle Laws, Article 13 "Miscel laneous
Provisions,' sets forth the maximum lawful speed limits described below,
and are enforceable with or without posted signs:

1. Twenty (20) miles per hour in any business district.

2, Thirty (30) miles per hour in any residential district.

3. Fifty-five (55) miles per hour in all other locations.



13

The maximum speed limits for all arterial streets shall be deter-
mined by an engineering and traffic investigation. This speed limit
may be greater or less than the limits for the business or residential
district where the arterial is located. However, under no circumstances

shall the speed limit exceed 55 mph.
HOW CAN A LOCAL AUTHORITY CHANGE THE SPEED LIMIT FOR ITS JURISDICTION?

For local authorities to change the speed limit on a highway or
street within their jurisdiction, they must first conduct an engi-
neering and traffic study on that roadway. From this study, they may
declare a reasonable and safe maximum limit (subject to the statutory
limit of 55 mph.) thereon which:

1. Decreases the limit at intersections; or

2. Increases the limit within an urban district; or

3. Decreases the limit outside an urban district to not less
than twenty (20) mph; or

L, Decreases the limit within an urban district in a school

zone to not less than twenty (20) mph but only during
hours students are enroute to or from school.

ARE THERE LIMITATIONS SET BY THE STATE UNDER WHICH THE LOCAL AUTHORITY
1S BOUND IN ALTERING SPEED LIMITS?

There are limitations in changes to which a local authority is

restricted. See the question (and answer) above for the limitations.

WHERE SHOULD SPEED LIMIT SIGNS BE LOCATED?
Speed limit signs for altered zones shall be erected:

1. At the beginning of each zone where the speed limit changes.
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2. At the point of change from one zone to another,
3. At additional locations within a zone where it may be
necessary to remind the motorist of the legal limit.

HOW FAR APART SHOULD SPEED LIMIT SIGNS BE INSTALLED ALONG THE ROADWAY?

The following guidelines are recommended for roads and streets under
local jurisdictions.
The recommended distances between speed 1imit sign installations in

al tered speed zones are:

Speed limit Minimum Max imum

(MPH) Distance Distance
30 or Less 660 Ft. or 2 Blocks 1320 Ft. or 4 Blocks
35 or 40 990 Ft. or 3 Blocks 1900 Ft. or 6 Blocks
45 or 50 1320 Ft. or 4 Blocks 2640 Ft. or 8 Blocks

The recommended distances between speed 1imit signs do not apply
to the posting of statutory limits.

IF RESIDENTS OF A NEIGHBORHOOD ARE REPORTING THAT CARS ARE SPEEDING ON
THEIR STREETS, SHOULD THE SPEED LIMITS BE LOWERED TO SLOW THE DRIVERS
DOWN?

For a speed limit regulation to be effective, at least 85 percent
of the drivers should voluntarily comply with the law. The first action
one should take if speed violations are reported is to undertake a
study of vehicle speeds.

The basis for the proper speed on any stretch of highway or street
is the nationally recognized "85th percentile speed." This is the speed
at or below which 85 percent of the observed free flowing traffic is
moving. The experience of traffic engineers has been that posting
higher or lower speed limits does not significantly change the 85th per-

.centile speed. Moreover, raising a speed limit to the 85th percentile
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should not result in an increase in the frequency or severity of acci-
dents. [t may be good practice to monitor streets where the speed limit
has been raised to determine if the incidence of accidents has actually
increased or decreased.

Adoption of the 85th percentile speed recognizes that a small mi-
nority of highway users drive at speeds in excess of that considered
safe by the majority of drivers. Obviously, enforcement action should

be directed toward that minority.
WHAT INVESTIGATIONS ARE REQUIRED TN LEGALLY ESTABLISH A SPEED LIMIT?

A speed limit can only be changed after an engineering and traffic
study has been conducted. The prevailing speed of free-flowing traffic
should be used in establishing the speed limit. Three methods for
conducting the traffic study may be used:

1. Eighty-fifth percentile speed (the preferred method).

This is the speed at or below which 85 percent of the
free-flowing vehicles observed on the roadway under
study are traveling.

2. Upper limit of the 10 miles per hour pace. Observation
of vehicles on the roadway will determine the 10 mile
per hour range at which most of the vehicles are
traveling. :

3. Average Test Run Speed. This method is optional on low-

volume roadways and is only applicable for determining
the prevailing speed of passenger cars.

In order to use the methods described above in establishing a proper
speed limit, let's examine the elements of a traffic study.

To determine either the 85th percentile or the 10 mile pace, a spot

speed study must be conducted. A spot speed study is made by measuring

the individual speeds of a sample of the vehicles passing a given point
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(spot) on a street or highway. These individual speeds are used to es-
timate the speed distribution of the entire traffic stream at that lo-
cation. Location of the study at the mid-point of the area character-

istics will provide viable data.

Study Location

1. General Location depends upon the purpose of the study.
For determining speed trends, stations are usually es-
tablished at a central location on open stretches of
straight, rural highways or at midblock locations on
urban streets away from the influence of Stop signs
and signals.

2. The specific site is selected within the general location
to reduce or eliminate the influence of the observer and
measuring equipment on vehicle speed. Equipment should
be concealed, the observer and his vehicle should be as
inconspicuous as possible and on-lookers must be kept
from the area.

3. Variables which might influence the study should be
minimized. Do not locate the site on curves, grades,
rough stretches of road, or near construction unless
the study requires these conditions. Other factors
such as environment (weather, visibility) and excess
traffic flow should be taken into consideration if these
conditions are not normal.

Time of Study

Off-peak hours are normally used in conducting a spot speed study
al though the purpose of the study should determine the time. It is im-
portant that trend studies and 'before and after' studies be made during
the same hours under comparable conditions. Bad weather and unusual
traffic volume conditions should be avoided.

Size and Selection of Sample

The speeds of preferably 100 free flowing vehicles in each direc-
tion should be obtained for any one location. 0On low volume roads where
it would be difficult to obtain a sample of 100 vehicles in each direc-

tion, the study may be terminated after a study period of three hours in
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each direction. Vehicles should be selected at random from the free
flow of a traffic stream to avoid bias in the results. The following
provides some guidelines for selecting vehicles:

1. Always select the first vehicle in a platoon, because
this is an indication of the speed that the first driver
wants to travel. Others in the platoon may want to trav-
- el faster, but how much faster cannot be determined; there-
fore, should not be part of the study sample.

2. Do not select too large a portion of trucks--their speeds
may not be representative of the rest of the sample.
Attempt to obtain about the same proportion of trucks in
the sample as exists in the traffic stream.

3. The selection must be made at random of only free flowing
vehicles, for example, every fourth vehicle's speed. Do
not select too large a proportion of higher speed vehicles
or the results will be biased toward the upper range of
speeds.

To Determine the 85th Percentile

To make use of the data collected, the next step is the analysis.
The best way to summarize the data is to chart the speeds collected
on a frequency distribution table. Table 3, used as an example of a
frequency distribution table, includes the speeds of 100 vehicles.
The speeds are grouped into three-mph increments (groups of 1, 2, &4,
or 5 mph are occasionally used) with the second coiumn indicating upper-
limits for each three-mph increment. The upper limits are needed later
for plotting a curve. All of the speeds collected in the example range
from a low of 13.6 miles per hour to a high of 49.5 miles per hour.
The third column lists the number of vehicles observed operating within
each of the three-mph groups.

The cumulative frequency (column 4) is the total of each of the
numbers (frequencies) in column 3 added together row by row from the
top down., The last column is a running percentage of the cumulative

frequency from the top down.
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Once the frequency distribution table has been constructed, the
best way to determine the 85th percentile is to plot the speed distri-
"bution on a graph. Take the upper-limit of each grouping (column 2)
and plot that speed on the graph where it corresponds with the cumu-
lative percent of vehicles observed (column 5). Where the curve inter-
sects the 85th percent line, that speed is the 85th percentile speed.
In the example given, the curve intersects at 37 miles per hour
(Figure 1).
The actual speed limit posted should be this 85th percentile speed
rounded off to the nearest five mile per hour increment; in this case
35 mph.

To Determine the 10 Mile Pace

The same distribution of vehicle speeds in Table 3 can be used to
determine the 10 mile pace or the 10 miles per hour range containing
the most vehicles. By dividing the vehicle speeds into 10 mile ranges
(15 to 25 mph, 26 to 35 mph, etc.), it becomes evident that the largest
number of vehicles (approximately 51 vehicles) were traveling at speeds
between 25 and 35 miles per hour. The upper limit of this range is
35 mph and this study would, tﬁerefore, result in the same speed limit
being established as the 85th percentile method: 35 mph.

The Average Test Run Speed

Average test run speeds are determined on the basis of five runs
in each direction over the length of the proposed zone. The most im-
portant part of the test runs is to determine the maximum permissible
speed. Time periods are disregarded and while making the test run, the
driver should try to '"float" In the traffic stream (drive as an average

or typical vehicle in the traffic stream).



Supplementary Investigations

The speed limit may differ from the established prevailing speed
(obtained by one of three methods above) by more than three miles per
hour when it can be justified through further investigation. The in-

vestigation may include a study of any or all of the following condi-

tions:
* Accident Rate
* Access Control
* Pedestrian Activity
* Parking
* Road Surface Characteristics
* Roadside Development
*

Safe Speed Design Driterion

FIGURE 1

CUMULATIVE SPEED DISTRIBUTION CURVE
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TABLE 3

FREQUENCY DISTRIBUTION TABLE

| 2 3 = 5
Groupings of Frequency
Speeds Upper- of Cumulative Cumulative
Row Observed Limits Vehicles Frequency Percent*
1 13.6 to 16.5 16.5 1 1 13
2 16.6 to 13.5 19.5 2 3 3%
3 19.6 to 22.5 22.5 6 9 9%
4 22,6 to 25.5 25.5 12 2] 21%
5 25.6 to 28.5 28.5 13 34 34%
6 28.6 to 31.5 31.5 20 54 54%
7 31.6 to 34.5 34.5 18 72 72%
8 34.6 to 37.5 37.5 14 86 86%
9 37.6 to 40.5 4o.s5 6 92 92%
10 40.6 to 43.5 43.5 6 98 93%
11 43,6 to 46.5 46.5 i 99 99%
12 46.6 to 49.5 49,5 1 100 100%

100 Vehicles

Cumulative Frequenc
* . N e rrequency __ x 100
Cumulative Parcent Total Number of Vehicles

ARE THERE RECOMMENDED OR PRESCRIBED SPEED LIMITS FOR SPECIFIC LOCATIONS
SUCH AS SCHOOL ZONES?

Kansas law establishes a maximum 20 mile per hour speed 1imit while
passing a school zone, or while driving along any public thoroughfare
on or across which children travel to and from school, on school days

when children are present and signs are posted.
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ARE THERE OTHER WAYS TO CONTROL VEHICLE SPEED?

Coordinated System of Sianals should be based on oper-
ational speeds of facility. Signals can be timed in
progression to have motorists on a given street move
at or near a predetermined speed.

Advisory Speed Plate. Advisory speed limit plates
(in multiples of 5 miles per hour) can be used on
curves and at hazardous locations as the advisory
maximum speed. These speeds should be determined
through accepted traffic engineering procedures

and periodically checked and corrected if necessary.
They are always posted in conjunction with another
warning sign and are not required if the critical
speed Is less than 5 miles per hour below the posted
speed limit.

Enforcement. Signals, signs and other warning de-
vices will not be truly effective unless motorists
are aware that violation of these rules will result
in penalties. Municipalities should draw on local,
county and state law enforcement agencies for as-
sistance in regulating traffic. Motorists usually
tend to act more lawfully if a law enforcement vehi-
cle is observed on a roadway. Consistent monitoring
of a roadway by law enforcement agencies will lead
to a reduction in speeding violations and other un-
safe driving practices.
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CHAPTER &4
SCHOOL CROSSINGS

School areas require special traffic control treatment because
of the danger to children who are often less careful than adults.
The question facing traffic managers is how to best handle the school
safety problem in light of the many issues and factors involved.
Parents and school officials will often make demands based on emotions
rather than a factual set of circumstances. City officials will be
equally concerned with the safety of the children but will be required
to work within budget constraints and the demands of the total driver
population, What is needed is a program that is acceptable and util-
ized by educators, enforcement officials, parent-teacher groups, the

children and others involved.
WHERE SHOULD SCHOOL CROSSINGS BE LOCATED?

The best aspproach to locating school crossings is to establish a
coordinated school traffic safety program. The first step in the
coordinated approach is to set up a school traffic safety committee of
governmental and school board officials with the authority to imple-
ment the program. The committee's first task is to develop a sug-
gested school route plan for each school serving elementary and kinder-
garten students. The plan should consist of a simple map showing streets,
sidewalks, the school, existing traffic controls and, by arrow markings,
the school routes for the children. The school route plan should be

designed to provide maximum protection for children at a reasonable cost.
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This can be accomplished by selecting routes that take advantage of
the protection afforded by existing traffic controls. Some children
may also need to walk longer distances to avoid hazardous crossings.
When developing the plan, officials may find the route crosses
a major highway or goes through an intersection with particulariy
heavy traffic. These locations could be particularly hazardous. Each
of these locations should be studied to determine if adequate gaps in
the traffic stream exist to allow the children to cross safely. If the
delay time between adequate gaps is too long, the children may get
impatient and attempt to cross under unsafe conditions. The '"Traffic
Controls for School Areas' publication, published by the Kansas De-
partment of Transportation, which is available from the Urban Highways
Department, and the publication "A Program for School Crossing Pro-
tection' from the Institute of Transportation Engineers should be re-
ferred to for more detailed information on developing a school traffic

safety program and crossing plan.
WHO SHOULD BE INVOLVED IN DEVELOPING A SAFE SCHOOL CROSSING PLAN?

For the crossing plan to be effective and acceptable, school admin-
istrators, teachers, parents, the local police department and govern-
mental agencies such as the city engineering or traffic department
(or the Kansas Department of Transportation for crossings on State
routes) should be involved in developing and implementing the plan.

The pupils themselves becomg involved, some on school safety patrols in
directing other children at crossings, and all of them in being the re-
cipients of thorough instruction on the purpose and use of the school

route plan.
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HOW CAN ONE TELL IF A SCHOOL CROSSING 15 UNSAFE?

When the delay time between adequate gaps is excessive, or in
other words, when safe gaps are less frequent than one per minute, it
Is an indication that some form of traffic control is needed to create
gaps.

The Adequate Gap Time may be computed using the following equation.

Adequate Gap Time = G (in seconds)

= M+ 3+ (N-1)2
3.5

where: W divided by 3.5 = Walking Time, the number of seconds
required to walk across the roadway. This value is equal to the width
of roadway (W) in feet, divided by the walking speed in feet per second
(assumed to be 3.5 ft/sec).

3 = pedestrian perception and reaction time.

(N=1)2 = Pedestrian Clearance Time, additional seconds of time
required to clear large groups of children from the roadway. Children
are assumed to cross the roadway in rows of five with two-second time
intervals between each row. The clearance time interval is equal to
(N=1)2 where N 1s the number of rows, | represents'the first row, and
2 is the time interval between rows.

For further information on gap studies refer to the ITE handbook,
Chapter 3, and Transportation and Traffic Engineering Handbook, Chapter

10, page 441.

WHAT ARE THE ALTERNATIVEé FOR PROTECTING SCHOOL CROSSINGS?

There are basically three types of measures available for reducing
traffic hazards to children at school crossings: 1) adult crossing

guards and student patrols; 2) the use of traffic control devices
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including signs, pavement markings and signals, and 3) construction

of overpasses and underpasses.

WHEN 1S AN OVERPASS (OR UNDERPASS) JUSTIFIED AT A SCHOOL CROSSING?

An overpass or underpass is a major investment. The following

conditions should be met before considering this measure.

l.

The obstacle the school children must cross is relatively
permanent, such as a freeway.

The cost of an overpass or underpass is cheaper over the
long range than other measures.

The location is appropriate for this kind of structure.

The funds spent on the structure won't {imit money avail-
able for other school crossing protection.

The structure will serve other pedestrians besides school
children.

There is no likelihood that replanning the school route
will eliminate the need for an overpass or underpass.

WILL A REDUCED SPEED LIMIT BE HELPFUL IN SAFEGUARDING PEDESTRIANS AT
SCHOOL CROSSINGS?

The speed of vehicles can be a contributing factor to the inci-

dence of accidents involving vehicles and pedestrians. Local author-

ities may want to set a speed limit appropriate for school zones.

ther measures which have been found to be effective for pedes-

trian safety are overpasses and underpasses, one-way streets, and im-

proved signal visibility.

ARE THERE SITUATIONS WHERE SCHOOL SPEED LIMITS SHOULD NOT BE POSTED?

It should be recognized that school speed limit signs are not a

""cure-all" because of the difficulty in enforcement--particularly in
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rural areas. School speed limit signs would be unnecessary under any
of the following conditions:
1. School children are protected by other traffic control
devices such as Stop signs and signals, where motorists
are required to come to a complete stop. An exception
may be made when the speed zone serves to protect chil-

dren walking on or adjacent to the roadway in the school
area.

2. The school or school grounds are completely isolated from
the roadway by means of a fence or other barrier, and no
access to the roadway is provided.

3. An underpass or overpass has been provided.

4, Entrance to and exit from the school grounds are by school
bus or other vehicle only.

WHEN SHOULD ADULT GUARDS OR STUDENT PATROLS BE USED AT A SCHOOL CROSSING?

The use of adult crossing guards and student patrols is an econom-
ical and effective method of controlling the movement of students,
rather than traffic, at school crossings.

Adult crossing guards should be considered if:

I. Traffic volumes are near the level required to warrant

traffic signals and gaps in traffic are so short and
infrequent that an adult is required to select adequate

gaps and to control waiting children.

2. The costs of a guard are more economical than a pedestrian
grade separation structure or a traffic control signal.

3. There are special hazards such as fog, complicated inter-
sections, or high vehicle speeds that can be properly
handled only by adult supervision.

4. A change in school routes or districts is imminent and
protection is needed only for a limited time.

A student patrol is most useful at locations where some super-
vision of children using the crossing is desirable but the conditions
do not require the actual direction of motor vehicles. They should

be assigned to locations adjacent to school grounds only where
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adequate gaps in traffic occur frequently enough for safe crossings

without stopping traffic. Patrols should not be permitted to halt or

direct vehicular traffic.

WHAT STANDARD SIGNS SHOULD BE USED AT SCHOOL CROSSINGS?

The signs to be erected at crossings can be found in the Manual

on Uniform Traffic Control Devices or Kansas School Crossing Manual

(See Figure 2).

1. The School Advance sign (51-1) is used in advance of

locations where school buildings and grounds are

adjacent to a highway and where traffic creates a
hazard., It is also used in advance of established
school crossings that are not near the school to warn
motorists that school children may be present.

FIGURE 2

STANDARD SCHOOL SIGNS
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2. The School Crossing sign (S2-1) is used at estab-
lished crossings, including signalized locaticns,
used by pupils going to and from school. Where
a crossing is controlled by a Stop sign, the
school crossing sign should be omitted. Only cross-
ings adjacent to schools and those on established
school pedestrian routes may be signed.

3. The School Bus Stop Ahead is intended for use ahead
of locations where a school bus pick-up or drop-off
point is not visible for a distance of 500 feet in
advance of the point.

4, School Speed Limit signs indicate the speed limit
where a reduced speed zone for a school area has
been established (in accordance with law) or when
a speed limit is specified for such areas by statute.

School Speed Limit signs are used in conjunction
with a bottom panel showing the specific time
period of the day when the limit applies and a
top panel reading School. |If desired, a Speed
Limit Sign Beacon with a ''When Flashing' sign
may be used to identify the period the school
speed limit is in force (See Figure 2).

5. Mo Parking and Stopping signs should be used at
school crossings to keep them free of vehicles which
could block the vision of motorists and pedestrians.
Parking signs should display information in the fol-
lowing order: '

a. Restriction or Prohibition Message.
b. Time of Day it is Applicable, If Not All Hours.
c. Days of the Week It is Applicable, If Not All Days.

d. A Single or Double Headed Arrow Pointing In the
Direction(s) the Regulation is in Effect.

SHOULD PAVEMENT MARKINGS BE USED FOR CROSSINGS?

Pavement markings can be used in conjunction with traffic signals
and signs or used solely as a crossing safeguard. One should be aware,
however, that pavement markings have limitations because they can be
hidden by snow and may be worn off by heavy traffic. The following are

typical applications of pavement marklﬁgs at school crossings.



SHOULD A TRAFFIC SIGNAL BE INSTALLED AT A BUSY INTERSECTION IF SCHOOL

Crosswalk Lines are solid white parallel lines marking
the edge of the crosswalk. They are a minimum of 8
inches in width, spaced not less than six feet apart
and extend from curb to curb. Where no advance stop
line is provided, or where vehicle speeds exceed 35
miles per hour, or where crosswalks may be unexpected
it is desirable to increase the width of the lines to
24 inches. Crosswalk lines should be limited to only
those locations designated on an established school
route plan. This ensures that only those crosswalks

‘where there is a significant number of both vehicles

and children are marked and encourages children to

use only the marked crosswalks. Drivers also become

more aware that those crosswalks are used by children

and that extra care must be exercised. Crosswalks can

be marked either at intersections or at mid=-block
locations but normally intersection crossings are prefer-
red because motorists are more alert to pedestrians cross-
ings.- See Figure 8, on page 47 for typical crosswalk
markings.

Stop Lines are solid white lines, 12 or 24 inches wide
which extend across an approach lane and indicate the
point at which vehicles should stop in compliance with
a stop sign or traffic signal. Stop lines should or-
dinarily be placed four feet in advance of and parallel
to the nearest crosswalk line. See Figure 8 on page
47 for typical stop line markings.

Curb Markings are used to restrict parking near school
crossings in order to allow both drivers and pedestrians
adequate sight distance. Curb markings are normally
yellow and should be used in conjunction with signs.

Word Markings on the pavement may be used to supplement
standard signs in school areas. The standard messages
used are ""School' or ''School X-ing." They should be
white in color and eight feet or more in height.

CHILDREN WILL CROSS THERE FREQUENTLY?

School signals can be erected at established school crossings in

order to create gaps in traffic to allow children to safely cross a

roadway.

Depending upon conditions, they may be installed either at

intersections or at mid-block crossings.

School signals can only be justified if a traffic engineering

23

study is conducted which indicates there are inadequate gaps in traffic
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to allow children to safely cross a street. In order to warrant traf-

fic signals at school crossings, each of the following conditions must
be met:

1. During each of two daily school crossing periods, the
average time between gaps in traffic of sufficient
length to permit children to safely cross the highway
shall be more than one minute.

2. There is no existing stop or signal control on the
street being crossed within 400 feet of the proposed
crosswalk.
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CHAPTER 5

TRAFFIC SIGNS

Traffic signs are the most commonly used traffic control devices.
They provide directional, regulatory, and warning information to motor-
ist. The use of traffic signs should be limited to only those locations
where they are warranted or where additional information is required.

Signs are not needed to confirm rules of the road.

b NP

Local authorities and road district highway officials in their re-
spective maintenance jurisdiction shal! place and maintain such traffic
control devices upon highways under their maintenance jurisdiction as

are required to regulate, warn, or guide traffic. These traffic con-

trols must, by law, conform to the Manual on Uniform Traffic Control
Devices. To be effective, a traffic control device should meet five

basic requirements.

. Fulfill a Meed.

Command Attention.

Convey a Clear, Simple Meaning.

Command Respect of Road Users.

Give Adequate Time for Proper Response.

W N —
.

This chapter will describe some of the more common traffic con-
trol signs and their uses, but for more detailed information, always re-

fer to the Manual on Uniform Traffic Control Devices (MUTCD). This man-

ual conforms to the national guidelines on traffic control devices which

have been established to promote uniformity throughout the nation.

DO NEW SIGN INSTALLATIONS HAVE TO BE APPROVED BY AMOTHER AUTHORITY BEFORE
A LOCAL JURISDICTION CAM INSTALL SIGNS?

According to Kansas statutes, placement of traffic control devices

on township or road district roads are subject to written approval of the
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County Superintendent of Highways. The Superintendent must be contacted
prior to errection of any signs. Signs on a State highway in a city or
local jurisdiction must be approved by State authorities. One excep-
tion to this rule is that if a municipality maintains parking on a county
or city highway or street, parking control signs can be erected with-

out approval of another authority.

WHAT TYPES OF SIGNS ARE AVAILABLE FOR TRAFFIC CONTROL AND MANAGEMENT?

There are three types of signs and they are classified according

to their use.

1. Regulatory Signs give the driver notice of traffic laws
and regulations that apply at a given place or on a
given roadway. To disregard these signs is punishable
by law. Examples: Stop Signs, Yield Signs, Speed Limits.

2, Warning Signs call attention to conditions in or around
a roadway which are potentially hazardous to traffic
Ooperation. Examples are: Curve, Signal Ahead, Stop
Ahead, Slippery When Wet.

3. Guide Signs show route destinations, directions, dis-
tances, points of interest and other geographical or
cultural information including street names and park-
ing areas.

DO ALL SIGNS HAVE TO MEET CERTAIN SPECIFICATIONS IN SIZE, SHAPE, AND
COLORING?

All regulatory and warning signs are required to conform with the

Manual on Uniform Traffic Control Devices. These specifications are

published by the Federal Highway Administration. There is more flex-
ibility with the design of guide signs and object markers, but where

indicated in the Manual, some guide signs must meet certain specifica-

tions.
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IS THERE A SPECIFIC MOUNTING HEIGHT AND LOCATION FOR SIGHS?

Location - The general rule is to locate signs on the right hand
side of the roadway where drivers are in the habit of looking for them.
Signs are normally erected Iindividually on separate posts or mountings,
except where one sign supplements another or they musf be grouped. In ~
rural areas, two signs should not be located closer together than 200
feet along the highway, except at intersections. All signs should be
located so motorists can see them without obstruction for a distance
of at least 400 feet.

Height - Signs on roadsides in rural areas should be mounted
at least five feet above the level of the pavement or roadway edge
measured to the bottom of the sign. In an area where parking might
occur or where obstructions may block the motorist's view, the heighgzif//
should be a minimum of seven feet. The height to the bottom of a
secondary sign mounted below another sign may be one foot less than the

appropriate height specified previously. See Figure 3.

FIGURE 3

HEIGHT AND LATERAL LOCATION OF SIGN
TYPICAL INSTALLATION
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Lateral Clearance - Signs need to be readily visible to motor-

ists but should not be so close to the roadway that they are a hazard
to drivers who leave the road. When there is sufficient right-of-way
the near edge of the sign (except for Stop and Yield signs) should be
12 to 18 feet from the edge of the pavement. Stop and Yield signs
should not be placed more than 10 feet from the edge of the pavement.
The minimum lateral distance is six feet from the pavement in all
cases, except for object ma}king panels. In areas where curbs are in
place, a distance of two feet to the edge of the sign is recommended.
See Fiqure 3 above.

Erection Details - Signs are normally mounted at right angles to
the direction of, and facing, the traffic they are intended to serve.
Should the mirror reflection of the sign reduce its legibility, the
sign may be turned slightly away from the road (2 to 5 degrees). On
Curves, the sign should face approaching traffic rather than be aligned
with the road. Sign faces are normélly vertical but they can be tilted

forward or backward on grades to improve the viewing angle.
WHERE SHOULD WARMNING SIGNS BE LOCATED?

Warning signs should be placed at locations on the basis of expected
vehicle speed and the action required on the part of the driver. The
table below lists the recommended distances these signs should be lo-
cated in advance of the condition they are warning of (stop, curve, etc.)
The two basic criteria to determine the advance sign's placement are
the approach speed and the reduction in speed (or stop) required to com-

ply with the sign message.
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TABLE &4
RECOMMEKWDED DISTANCE IN FEET
FOR PLACEMENT OF ADVANCE SIGHS

Speed Reduction Required to Comply with Sign Nessage

Approach 10-20 25-4Q 45-50
SEeed Stog* MPH MPH MPH
30 or Less 100! 1000 = e==e= eceee
35-40 225' 275" 175" ———--
h5-50 375* 425! gapt @ e
55 Lsov 500! 400! 225¢

ula

* Includes signs for any condition requiring a possible stop,
such as a stop sign, crosswalk, railroad crossing, yield
sign, etc. The distances recommended can be increased
where vehicle backups occur from the stopping point.

WHAT KIMD OF SIGNING SHOULD BE USED TO WARN MOTORISTS OF A SHARP CURVE?

Two symbol signs, either Curve or Turn, are used depending on the
speed a vehicle should maintain to safely negotiate a curve.

If an investigation qf the roadway geometric and operating con-
ditions determines the recommended speed on a curve to be between 30-
55 MPH and this speed is equal to or less than the legal speed limit,
then a Curve sign (W1-2R or 2L) would be used.

If the investigations indicate that the recommended spee.d on a
turn is 30 MPH or less and the recommended speed is equal to or less
than the legal speed limit, the Turn sign (W1=IR or IL) should be used.
When the Turn sign is warranted, a large arrow sign may be used on the
outside of the turn. Additional protection may be provided by use of

an advisory speed plate mounted below the advance Curve or Turn sign.
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For locations which curve sharply and abruptly, Chevron Align-
ment signs (W1-8) or delineators (see Figure 4) can be.used to

mark the curve of the road.

FIGURE 4

CURVE WARNING SIGNS

{Normally Used with
< . Turn Sign Wi=1)

DELIMEATORS OR CHEVRON ALIGNMENT
MARKERS

Use Curve Sign for For 30 MPH or Less
Greater Than 30 MPH

WHAT SIGNS SHOULD BE USED WHERE A MINOR ROAD T'S WITH A HEAVILY TRAVELED
MAJOR ROAD AND THERE IS A HIGH FREQUENCY OF ACCIDENTS?

The large number of accidents indicates that the Stop sign is not
readily visible to motorists or is unexpected. A Stop Ahead sign (W3-1)
should be erected to warn motorists of the upcoming intersection. It
may also be helpful to install a double-headed large arrow sign at the

head of the '"T'" directly in line with the leg of the intersection (see

Figure 5).
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Other measures available are to increase the size of the Stop
sign or to install a flashing beacon above the advance warning sign

and/or Stop sign. Refer to Chapter 8 for the use of flashing beacons.

FIGURE 5

STOP AHEAD SIGN

{optional)

WHAT SIGNS SHOULD BE USED TO WARN MOTORISTS OF A NARROW BRIDGE?

A Narrow Bridge sign (W5-2) Is used in advance of structures that
have a clear roadway that is not at least two feet wider than the pave-
ment approaching the bridge. Additional protection may be provided by
the use of bridge-end reflectors at the end of the handrails on both
sides of the roadway and/or by a short series of Chevron Alignment
Markers (W1-8) or Object Markers {OM-3) in advance of the bridge on both
sides of the roadway to indicate the narrowing condition. Bridges or

culverts having less than a 20-foot span and a width that is not at
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least two feet wider than the pavement approaching the bridge or cul-
vert should be treated as narrow bridges and signed accordingly.
Figure 6 shows these markings.
A One-Lane Bridge sign (W5-3) is used on two-way roads in ad-
vance of bridges and culverts.
I. Which have a clear roadway width of less than 16 feet.
2. Which have a clear roadway width of less than 18 feet
when commercial vehicles constitute a high proportion
of the traffic.
3. When the alignment is poor on the approach to the

structure which has a clear roadway width of 18 feet
or less.

WHAT SIGN SHOULD BE USED TO ALERT MOTORISTS OF A CHANGE IN SPEED LIMITS?

The Speed Zone Ahead sign {R2-5c) should be ﬁsed in rural areas
to inform approaching motorists of a reduced speed zone. The sign is
not ordinarily needed in urban areas where speeds are relatively low.
This sign shall always be following a Speed Limit sign eracted at the
beginning of the zone where the altered speed limit applies. Correct
placement of the Speed Zone Ahead sign can be determined by referring

to Table 3.

FIGURE 6

NARROW BRIDGE SIGN

NARROY
BRIDGE
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ARE THERE REQUIREMENTS FOR STREET NAME SIGNS?

Street name signs should be erected to identify street intersec-
tions. The lettering on street name signs should be white on green
background with the letters at least four inches high. The sign
should be reflectorized for nighttime visibility.

Street name signs should be mounted a minimum of seven feet
above the pavement. In residential districts at least one cross street
sign is recommended at each intersection. In business districts or
on major arteries, street name signs should be placed on diagonal
corners so that they will Se on the near left-hand and far right-hand

side of the intersection for traffic on the major street.
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CHAPTER 6

PAVEHENT MARKINGS

Pavement markings can provide a very useful function in overall
traffic control either as a supplement to other devices or used alone.
They serve very effectively In conveying certain regulations and warn-
ings that could not otherwise be made as understandable to the motorist.
Moreover, they can be used to advise the motorist without diverting his
attention from the roadway. But markings do have significant limita-
tions. They cannot be seen when snowcovered, they are not clearly
visible at night when wet, and they hay not prove durable under heavy

traffic.
WHAT TYPES OF PAVEMENT MARKIMGS ARE USED?

Pavement markings are normally used as follows:

Yellow Center Lines on Two-Way Roads

Roadway Edgel ines

Mo Passing Lines on Two-Way Roads

Lane Lines on Multi-Lane Roads

Stop Lines

Crosswalk Lines ,
Railroad Crossing Markings, Arrows, and Other Lane
Messages

. »

.

SN ovwn W N —

WHAT COLORS CAN BE USED FOR PAVEMENT MARKINGS?

The colors for pavement markings are yellow and white. Black is
permitted in combination with the above colors if the pavement itself
does not provide sufficient contrast.

Yellow lines delineate the separation of traffic flows in opposite
directions (center lines) or mark the left edge of the pavement of

divided highways and one-way roads.



4

White lines delineate the separation of traffic flows in the same

direction (lane lines) or mark the right edge of the pavement.

WHAT WIDTH AND SPACING REQUIREMENTS ARE USED FOR PAVEMENT MARKINGS?

A normal line is four to six inches wide.

A wide line is at least twice the width of the normal line.

A double line consists of two normal width lines separated
by a discernible space.

A broken line is formed by line segments and gaps, usually
in the ratio of one to three. On rural highways, a re-
commended standard is a 40-foot cycle with 10-foot seg-
ments and 30-foot gaps. On urban streets, the cycle
length can be less, since speed limits are normally lower
and streets are divided into block lengths.

A dotted line is formed by short segments, normally two
feet in length and gaps of four foot or longer.

WHEN SHOULD A BROKEN LINE BE USED?

Broken lines are permissive in character and constitute a guide

for the motorist. For example, a broken white line is used as the lane

line on a multi-lane roadway. The motorist is allowed to change lanes

and cross the broken line if traffic conditions permit. Other uses

for broken lines are:

L

2,

A normal (four to six inches wide) broken yellow line
is used as a centerline of a two-lane, two-way road
where overtaking and passing is permitted.

A doubie line consisting of a normal broken yellow line
and a normal solid yellow line is used as a separation
between travel paths in opposite directions to regulate
passing. (Note: |If both lines are solid, passing is
prohibited in both directions).

A normal dotted line is used to delineate the extension of
a line through an intersection or interchange area.



WHAT TYPES OF PAVEMENT MARKIMGS (LINES) SHOULD BE USED OH TWO-LANE

R0ADS?

The lines referred to here are all longitudinal--run parallel to

the direction of the road.

l.
2.

Where passing is permitted, a normal broken yellow line.

Where passing is permitted in one direction only, a double
line consisting of a normal broken yellow center line and
a normal solid yellow line in the lane from which passing
is prohibited.

Where passing is prohibited in both directions, a double
line consisting of two normal solid yellow lines.

A normal solid white line used to delireate the edges of
the pavement.

Figure 7 depicts the typical center line and edge line markings on a

two-lane road.

SHOULD ALL ROADS HAVE A CENTERLINE?

Centerlines are desirable on paved highways under the following

conditions:

2.

In rural areas on two-lane pavements, 16 feet or more
in width with prevailing speeds of greater than 35 mph.

In residential or businéss districts, on all through
highways, and on other highways where there are sig-
nificant traffic volumes.

On all undivided pavements of four or more lanes.

At other locations where an engineering study indicates
a need for them.

L2
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FIGURE 7

TYPICAL TWD-LAME, TWO-WAY MARKING APPLICATIONS
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UHNDER WHAT SITUATIONS ARE PAVEMENT EDGE LINES USED?

Pavement edge |ines should be used:

1. When it is desirable to mark the edge of pavement
as a guide for drivers.

2, When a visual reference for the driver during ad-
verse weather and visibility conditions is deemed
necessary.

3. Where it is desirable to reduce driving on paved
shoulders or refuge areas of lesser structural
strength than adjacent pavements.

Edge lines should not be continued through intersections but

should not be broken for driveways.
WHEN SHOULD STOP LINES BE USED?

Stop lines should be used when it is important to indicate the
point behind which vehicles are required to stop in a stop controlled
intersection or signalized intersection.

Stop lines are solid white and are normally 12 to 24 inches wide
extending across all approach lanes. Stop lines should normally be
placed at least four feet in advance of and paralle]l to the nearest
crosswalk line.

In the absence of a crosswalk line, the Stop line should be placed
at the desired stopping pcint but no more than 30 feet or less than
four feet from the nearest edge of the intersecting roadway. |If a Stop
line is used along with a Stop sign, it is ordinarily placed in line

with the Stop sign.



b5
WHERE ARE CROSSWALK HMARKINGS NECESSARY?

Crosswalks should be marked at all intersections where there is
substantial conflict between vehicle and pedestrian movements. Marked
crosswalks can also be provided at loading islands, school crossings,
mid-block pedestrian crossings or where pedestrians may not other-
wise recognize the proper place to cross. An engineering study, how-
ever, should be required before crosswalks are marked at locations

away from traffic signals or stop signs.
WHAT COLOR AHD WIDTH OF LINES ARE USED FOR CROSSWALKS?

Crosswalk lines shall be solid white lines, marking both edges
of the crosswalk. The lines shall not be less than six inches in
width and should not be spaced less than six feet apart. Under some
circumstances, such as when a Stop line is not provided, vehicular
Speeds exceed 35 MPH, or where crosswalks are unexpected {e.g., a
non-intersectional location), it may be desirable to increase the width
of the crosswalk line up to 24 inches in width.

Lines on both sides of the crosswalk should extend across the full
width of the pavement to discourage diagonal walking between crosswalks.
(Figure 8a).

IF THE MOTORISTS FAIL TO YIELD TO PEDESTRIANS AT A CROSSWALK, CAN THE
CROSSWALK'S VISIBILITY BE IMPROVED?
Hotorists may be failing to yield to pedestrians at certain cross-

walks because the crosswalk is not readily visible or it is unexpected.
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This usually occurs when a crosswalk is located in the middle of a
block or on a narrow street with parked cars and other physical obstruc=
tions blocking the motorist's view.

Several solutions are possible. As mentioned above, the width
of the lines could be increased up to 24 inches and the area of the
crosswalk marked with diagonal or longitudinal lines to make the walk-
way more visible (see Figure 8b and 8¢c). Parking can be prohibited on
both sides of the crosswalk for some distance in both directions and

warning signs installed to alert motorists to the upcoming crosswalk.
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FIGURE 8

TYPICAL CROSSWALK MARKINGS

(a)

STANI

(b)

(c)
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CHAPTER 7

PARKI NG

Parking is one of the essential elements of any workable trans-
portation system. Parking characteristics normally are influenced
by the size of the city, the other modes of transportation available
to commuters and the size and importance of the Central Business
District.

This chapter provides basic information on how to determine park-
ing needs, the dimensions of parking spaces and appropriate signs.

As with all traffic management questions, one should take advantage

of professional advice and utilize proper reference materials for
assistance {n developing the best possible system for a municipality.
HOW CAN THE NUMBER OF PARKING SPACES MEEDED IN VARIOUS PARTS OF THE CITY
BE IDENTIFIED?

Parking space requirements vary by land use. They also vary by
city. This variability means that no magic numbers exist to define the
amount of parking required for a certain land use in a certain city.

- Table 5 defines rénges in the amount of parking that has been found
adequate in sample locations. A true understanding of the parking needs
in a city can only be realized through some basic evaluations. First, |
it must be realized that parking studies are basically an analysis of
demand and supply. The demand results from the necessity to ''store’
vehicles while the vehicle's occupants complete their trips. This
""demand'’ can vary with the time of day, week and month. The duration
and or need to store vehicles, rate of turnover are also important park-

ing demand factors.
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The supply of ''storage' is basically the amount of on-street and
off-street parking that is available to meet demand. This supply can
be increased by providing more area for parking use or by reducing the
length of time a vehicle may be in a given space, thereby, increasing
the use of area. Either of these decisions can have significant im-
pact and must be well thought out.

Among the techniques to examine parking supply and demand char-

acteristics are:

Supply:

1. Parking Inventories - a rather basic comprehensive
cataloguing of all public and private parking
spaces within a given location and the manner in
which these spaces are managed.

Demand:

1. A Parking Usage Studies - an analysis of the number
OFf times a parking space is used in a given time
period as well as the average length of stay of a
parked vehicle.

2. Parking Accumulation Studies - a determination of
which days of the week and hours of the day park-
ing areas are most used.

3. License Plate Checks - a reliable technique for
determining parking duration and turnover. It
is also used to obtain data on length of stay,
illegal parking, and enforcement.

4. Parking Interviews - a method of determining
' trip origin, destination, purpose, and walk-
ing distance through interviews of motorists

by mailed questionnaire or personal interview. -

WHAT CAN BE DOME IF PARKING IS IMADEQUATE?

If these studies indicate that curb parking is inadequate, then a

municipality must turn to public or privately financed parking facilities.
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Financing of private parking areas is usually through merchant efforts
in the immediate vicinity. Public facilities can be financed by general
obligation bonds, revenue bonds, or assessment districts. Public;
private efforts can include tax incentives, technical advice, or use of
city-owned land by the private operator. The parking requirements by

land use are listed in Table 5.

Table 5 Parking Requirements by Land Use
Building Type Range Mode
Commercial and Industrial {spaces per 100 sq [t}
Office Buildings, Banks 0.08-1.33 0.25

Business and Professional Services 0.08 - 1,33 0.33
Commercial Recreational Facilities 0. 16 - 2.00 1.00

Shopping Goods (Retail) 0.06 - 3.00 0.50
Convenience Goods (Retail) 0.10-1.33 0.50
Restaurants 0.06 - 2,00 1.00
Personal Services and Repairs 0.08 - 1.00 0.50
Manufacturing 0.08 - 1.00 0.20
Warehouses 0.02 - 0.67 0.10
Wholesale 0.03 - 1.33 0.15
Residential (spaces per unit}
Single Family Dwelling 0.50 - 3.00 1.00
Duplexes 0.50 - 2,00 1.00
Multiple Family Dwellings 0.50 - 2.00 1,00
Apartment Hotels, Rooming Houses 0.25 - 1.50 1.00
Hotels (spaces per bedroom) 0.16 - 2.00 1.00
Motels (spaces per bedroom) 0.25-1.25 1.00
Public Buildings ' (spaces per 100 sq ft)
Museums and Libraries 0.10-3.33 0.33
Public Utilities 0.10 - 1.00 0.33
Welfare Institutions 0.10 - 0.67 0.25
Medical Buildings {spaces per 100 sq (t)
Medical and Dental Offices 0.08 - 1.33 0. 50
Hospitals 0.10 - 2,00 1.00
Convalescent Homes 0.08 - 1.00 0.50
Auditoriums {spaces per seat)
General Auditoriums and Theaters 0.06 - 0,33 0.25
Stadiums and Arenas 0.05-0.33 0.25
School Auditoriums 0,05 -0.25 0.10 -
University Auditoriums 0.06 - 0.25 0.10

Source: Gallagher, J. A., '"Driver Characteristics
in Parallel Parking on One-Way Street,"
Traffic Engineering, Vol. 20, No. 7, April
1950, pp. 276-279.
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HOW MUCH SPACE IS NEEDED FOR EACH PARKING STALL?

Parallel Parking

There are 3 ways to parallel park:

1. Uncontrolled location of vehicle along the curb

2. Designated positions for each vehicle

3. Designated lengths for each vehicle

Three kinds of stalls are used when allocating space for vehicles:
end stalls, interior stalls, and paired parking stalls. Since a
vehicle can be driven directly into and out of an end stall, only the
length of the vehicle, about 18', needs to be accommodated. interior
stalls require room for a car to maneuver and, therefore, should be
approximately 23' to 26' in length. The stalls can be del ineated by
painted lines or meters.

Paired parking stalls are laid out such that two vehicles are park-
ed bumper to bumper with a pair of stalls separated by a maneuver area
of approximately 8' - 10'. This method is best when a double parking
meter is installed between each pair of vehicles so they do not en-
croach upon the maneuver area. (See Figure 9).

Angle Parking

Flat angle parking (angles less than 45 degrees) is more commonly
used for on-street parking. Angles greater than 45 degrees are more
often used in off-street parking lots with the maximum angle, 90 degrees,
giving the greatest number of parking spaces per lineal foot of lot
(nearly 2% times more spaces than parallel parking). But as the angle
increases, the width of road or lot necessary for the stall length and
the additional width for maneuvering into and out of the stall also

increases.
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Marking of parking stalls can create additional maintenance costs.
However, marking is usually justified where high turnover rates are
experienced, when angle parking is used, where parking meters are used,
or where absence of markings will create insufficient use of avail-
able space. Stall dimensions are usually 9' wide by 19' long; but for
high turnover areas, such as shopping centers where shoppers carry
large packages, 9' - 10' wide stalls may be more desirable. Attempts
to get by with narrower aisles and stalls is not the answer to increas-
ing a parking facility's capacity. Drivers will simply tend to en-
croach on more than one parking stall which will result in a loss of
actual parking spaces. See Figure 9 and Table & for stall dimensions

at varying degrees of angle parking.



FIGURE 9

CURB PARKING COMFIGURATIONS
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Source:

adapted from Garwood, F., '"Fatal and Serious Accidents
Involving Parked Vehicles,'" Road Research Laboratory,
Crow-Thorne, England, September 1958, p. 8.
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WHAT ARE THE ADYANTAGES AND DISADVANTAGES OF ON-STREET PARKING?

There are two types of on-street or curb parking: parallel and
angle parking. In paraliel parking, the vehicle is parked parallel to
the curb; in angle parking, the vehicle forms an angle with the curb
ranging from 22.5 degrees minimum to 90 degrees maximum.

On-street parking can Increase the number of traffic accidents by
as much as 20% for the folloﬁing reasons:

1. Parking, parked, stopped, and backing vehicles are
obstacles for moving traffic.

2. Parking maneuvers often occur with inadequate warning to
other traffic.

3. Parked vehicles reduce the sight distance of pedestrians
and other traffic.

4, Former occupants of parked vehicles create unexpected mid-
block conflicts while near their car.

Parallel parking results in approximately 50% fewer accidents than
angle parking. It is preferred when streets are narrow and the volume
of traffic is high. However, it takes almost three times as long to
paralliel park than to angle park (32 seconds versus 12 seconds).

Angle parking, on the other hand, provides more spaces than par-
allel parking for a given length of curb space. Its main advantage is
the ease with which drivers can maneuver into and out of a parking space.
The biggest disadvantage is the fact that a driver's vision is impaired
when trying to exit a space. Also drivers traveling in through lanes
usually keep about two feet more lateral clearance from angle parked

vehicles than from parallel parked vehicles.
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WHEN SHOULD ON-STREET PARKING BE ALLOWED?

1f the need for parking accommodations is greater than the need for
traffic movement, such as in residential or shopping areas, on-street
parking may be considered. Angle parking should only be used on streets
over 70' wide. On streets 34' wide or less, parallel parking may be
allowed on one side only. Parking should be prohibited on two-way
streets 28' wide or less.

If on-street parking results in a high incidence of accidents, the
traffic volume may be too high. In this case, the on-street parking
should be restricted during peak hours or moved to an off-street park-

ing lot.

WHERE SHOULD PARKING ALWAYS BE PROHIBITED?

The Uniform Vehicle Code and Model Traffic Ordinance define three
terms for use in parking prohibitions:

1. Parking - leaving an unattended vehicle at curbside with
motor off.

2. Standing - stopping an attended vehicle at curbside for
an extended period with motor running.

3. Stopping - stopping a vehicle momentarily at curbside to
pick up or discharge a passenger or package.

Using the previous definitions, parking, standing, or stopping
should be prohibited in the following locations:

1. On the street side of any vehicle parked along the edge
of a road (commonly referred to as double parking).

2. On a sidewalk.
3. Within an intersection.

4, Within 30' of a Stop sign, Yield sign, or traffic control
signal.

5. On or within 20' of a crosswalk.
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6. Within 15' of a fire hydrant.
7. Within 20' of a fire station driveway.
8. Between a pedestrian safety zone and the adjacent curb.

9. Alongside or opposite any street excavation or obstruc-
tion when it would interfere with traffic.

19. On a bridge or in a tunnel.

11. On any railroad tracks or within 50' of the nearest
rail of a railroad crossing.

12. On any controlled access highway.

13. Between roadways of a divided highway.

14, In front of public or private driveways.

15. At all other locations where official signs prohibit
parking.

WHAT TYPES OF ''NO PARKING'' SIGNS CAN BE USED?

There are a wide variety of no parking situations and each must
be analyzed separately as to how it should be treated. All no park-
ing signs must conform to the MUTCD in shape, color, location, and use.
The regulations that will be displayed on each sign should be listed
from top to bottom in the following order: ‘

1. Restriction or prohibition.

2. Time of day it is applicable, if not at all hours.

3. Days of week applicable, if not every day.

Parking prohibition signs are used where parking is prohibited at
all times or at specified times. These signs shall have red letters
and border printed on a white background. Parking restriction signs are
used where limited time parking or parking in a particular manner is
permitted. These signs shall have green letters and border printed on

a white background.
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In rural districts, special parking prohibition signs may be used to
emphasize that no person shall stop, park, or leave standing any ve-

hicle on the paved or traveled part of the highway. (See Figure 10).

FIGURE 10

NO PARKING SIGNS

— -
RKING STOPPING PARKING} ; N

! ON EXCEPT ON{ ‘
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" R8-3 R8-5 R8-2 R8-3a Supplemental Plate
25 x 30" 24" x 30 24" x 30" 24" x 24¢ 241 x 15"
Supplemental Plate

24" x 18"

No parking signs in urban areas can be a minimum of 12" x 13,
The standard size for rural no parking signs is 24" x 30', although
on secondary roads 18" x 24'' is permitted.

Parking signs with arrows are used to indicate the restricted zone.
The signs should be set at an angle of not less than 30 nor more than 45
degrees with the line of traffic flow so that they are visible to ap-
proaching drivers. If the zone is unusually long (a block or longer),
signs with a double arrow should be set at intermediate points within
the zone. To minimize the number of parking signs, blanket prohibitions
and/or restrictions which apply to an entire district, can be posted at

municipal boundary lines. (See Figure 11).
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FIGURE 11

Urban Ho - Parking Signs

1 —_— . . . | ——
i ! ;[— - i
B0 T IO O
| | * : !
(| PARKING |l | ANY f BUS
(g0 am it foawremf [ Tive [ | STOP
Losaet] | e =] |=—>
R7-1 R7-2a R7-5 R7-4 R7-107
12 x 18" 12' x 18" E2H % 18Y 12" x 18" 12" x 13"

WHAT TYPE OF PARKING IS NEEDED FOR SPECIAL PURPOSE VEHICLES OR AREAS?

Shopping Areas

The distance from a parker's destination must be within reason.
An average walking distance of 500' - 1000' is tolerated by most snoppers
with longer distances acceptable to long-term parkers such as employees.
It is recommended that 5.5 parking spaces be allotted per 1000 square
feet of leasable floor space. The peak parking demand, which occurs
just prior to Christmas, should be taken into consideration when es-
timating the number of stalls required. In shopping center parking lots,
entrance and exit aisles should penetrate far into the parking area to
prevent vehicle back-up onto the adjacent street.

Truck Loading Docks

Planning and design of a truck facility and access streets adjacent
to the facility calls for slightly different standards than for ordinary
automobile movement. Counterclockwise circulation is best for trucks so
that the driver can use his left side mirror. The maneuvering length
in front of docks should be approximately twice the length of the longest

truck using the facility. Berths for trucks should be from 12' - 14' in



60

width and overhead clearance should be 15'. Dock height should be from
43" - 50", Profile grades approaching loading docks should not exceed
104. Streets and intersections in the vicinity of truck loading areas
should be designed for truck movements (normally using the WB=50 design
vehicle) especially as related to corner radii, lane width, placement

of street hardware, and design of pavement structure. (See Figure 12).

FIGURE 12

TRUCK REQUIREMENTS AT LOADING POINTS
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Source: Berger, W. G. (Vol.l) and Knoblaugh, R. L. (Vol.2),
""Urban Pedestrian Accident Countermeasures,' Bio
Technology, Inc., DOT Report Available NTIS-HS-801-346.

Bus Loading Zones

Intersections and adjacent streets should be designed for the BUS
design vehicle using adequate turning radii and lane widths. !f the
volume of buses stopping at a given point is high, the length of bus

bays or bus stops must be increased. Typical sizes range from 50' - 150'
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in length depending on the size of the bus, the location of the stop,
and the ease of access to the zone.

Taxi Zones |
Taxi zones require about 20' for each stall plus an additional 5'

on each end for a maneuvering area.
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CHAPTER &

FLASHI!NG BEACONS

There are three general applications of flashing beacons: hazard
identification, intersection control, and stop sign beacons. Their
purpose is to command the attention of the motorist and they are always
used as supplements to warning or regulatory signs or markers. They
are standard sections of a traffic signal head, eight inches or 12

inches in diameter, and flash at a rate of 50-60 times per minute.

HOW AND WHERE ARE HAZARD IDENTIFICATION BEACONS USED?

Hazard identification beacons have a yellow lens and are normally
mounted above the primary warning sign or marker. Typical applications
include:

1. Obstructions in or immediately adjacent to the roadway,
such as a center pier in an undivided highway.

2. To supplement advance warning signs, such as the Cross-
road Symbol or Stop Ahead signs.

3. At midblock crosswalks (with the Pedestrian Symbol sign).
b, As a supplement to regulatory signs, except Stop, Yield, and
Do Not Enter signs.

HOW ARE INTERSECTION CONTROL BEACONS USED?

Intersection control beacons may either flash red in all directions,
or yellow for the major route and red for the cross traffic. They should
never flash yellow for two conflicting traffic streams at the same time.

A stop sign should be used with a flashing red intersection control beacon.
Intersection control beacons are normally suspended over the center of

the intersection at a height between 15 and 19 feet (see Figure 13).



FIGURE 13

TYPICAL INTERSECTION CONTROL
BEACON INSTALLATION
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WHEN SHOULD AN INTERSECTION CONTROL BEACON BE CONSIDERED?

Intersection control beacons are strong attention-getters and sheould
be used sparingly so their effectiveness is not diluted. In urban areas
where intersections are closely spaced and therefore expected by the
motorist, there is seldom a need for such devices. Their most effec-
tive and predominant use is at isolated intersections where motorists
may have driven for a considerable distance without encountering
other controlled intersections, particularly where accident and enforce-
ment records indicated inadvertent violations of Stop signs or failure
to yield the right-of-way. They are more effective and appropriate
at all-way stops than at two-way stops because, in the latter case,
motorists facing the red indication and Stop sign may assume that cross
traffic is also required to stop rather than simply to use caution as
called for by the yellow indication.

ARE INTERSECTION CONTROL BEACONS APPROPRIATE AT INTERSECTIONS WHERE
SIGHT DISTANCES ON THE APPROACHES ARE RESTRICTED?

Not necessarily. |If the intersection itself is not visible, a
flasher beacon located there is not likely to give the motorist sub-
stantial additional advance warning. Such circumstances are more
logically treated by using hazard identification beacons in conjunction

with the Stop Ahead and/or Crossroad Symbol signs posted in advance of

the intersection.
HOW AND WHEN ARE STOP SIGN BEACONS USED?

As the term implies, the stop sign beacon is a section of a standard
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traffic signal head with a flashing circular red indication and is used
in conjunctica with a Stop sign., They should be mounted between 12 and
24 jnches above the top of the Stop sign.

Stop sign beacons should normally be reserved for locations whers
accident or enforcement records indicate an unusually high or persistent
violation rate of the Stop sign. |f violations appear to be uninten-
tional, an alternate or supplemental solution of added emphasis on ad-
vance warning and higher visibility should be considered. This might be
accomplished by using larger signs, by relocating or ''doubling up'' the
advance warning signs on both Qides of the roadway, or by the use of
hazard identification beacons in conjunction with the advance signs.

DO FLASHING YELLOW (HAZARD IDENTIFICATION) BEACONS HELP CONTROL EXCES-
SIVE SPEEDS?

Installation of a yellow flashing beacon on a non-regulatory sign
will not necessarily cause motorists to reduce their speed. |t may be
helpful, however, in alleviating the kinds of problems which the public
normally (but not necessarily correctly) attributes to excessive speed,
such as pedestrian accidents at midblock crosswalks or collisions in-
volving vehicles entering the roadway from abutting developments.

The use of flashing warning lights, which are portable devices
similar in operation to flashing beacons, is discussed in Chapter 16,

Work Zone Protection.
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CHAPTER 9

SIGHALS

This chapter contains information concerning warrants and data
for the installation and operation of traffic signals. The main pur-
pose of a traffic signal is to allocate right-of-way at an fntersec-
tion by alternately directing traffic to stop and to proceed. A well
designed and installed traffic signal installation will provide for
orderly traffic movement, reduce certain types of accidents, and per-
mit motorists to safely cross or enter the other traffic stream.

A complete discussion on the subject of traffic signals will not
be presented in this handbook. Additional information is available in

the Manual on Uniform Traffic Control Devices.

WHAT DISADVANTAGES DO SIGNAL INSTALLATIONS HAVE?

An improper or unwarranted signal installation can create exces~-
sive delay, encourage disobedience of the signal indications, encour-
age the use of less desirable routes in an attempt to avoid the signal,

and has a tendency to increase rear-end type accidents.
WHAT WARRANTS MUST BE SATISFIED FOR A TRAFFIC SIGNAL INSTALLATION?

Traffic signals should not be installed unless one or more of the
following warrants are met. However, the minimum vehicular and pedes~-
trian volumes given in Warrants | through 3 can be reduced by 30% when
the B5-percentile speed of major street traffic exceeds 40 miles per
hour, or when the intersection lies within the built-up area of an iso-

lated community having a population of less than 10,000,
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Warrant | - Minimum Vehicular Volume

The Minimum Vehicular Volume Warrant is satisfied when, for each of
any eight hours of an average day, the traffic volumes given in the table
below exist on the major street and on the higher-volume, minor-street
approach to the intersection. During those eight hours, the direction
of the higher volume on the minor street may be on one approach during
some hours and on the opposite approach during other hours.

HINIMUM VEHICULAR VOLUMES FOR WARRANT 1

Number of lanes for Vehicles per hour Vehicles per hour
moving traffic on on major street on higher=volume

each approach (total of both minor-street approach
Major Street Minor Street approaches) (one direction only)
|=mmmeeenn- }-—meecncnaa 500 150

2 or more | == 600 150

2 or more 2 or more 600 200
R 2 or more 500 200
Warrant 2 - Interruption of Continuous Traffic

The interruption of a Continuous Traffic Warrant is satisfied when,
for each of any eight hours of an average day, the traffic volumes given
in the table below exist on the major street and on the higher=volume
minor-street approach to the intersection, and the_signal installation
will not seriously disrupt progressive traffic flow. The eight hours
must be the same eight hours for both major and minor street traffic

MINIMUM VEHICULAR VOLUMES FOR WARRANT 2

Number of lanes for Vehicles per hour Vehicles per hour
moving traffic on on major street on higher-volume

each approach (total of both minor-street approach
Major Street Minor Street approaches) (one direction only)
| s | S 750 75

2 or more o 900 75

2 or more 2 or more 900 100

R 2 or more 750 100
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Warrant 3 - Minimum Pedestrian Volume

The minimum Pedestrian Volume VWarrant is satisfied when, for =ach
of any eight hours of an average day, the following traffic volumes
exist:

1. On the major street, 600 or more vehicles per hour
enter the intersection (total of both approaches); or
where there is a raised median island four feet or more
in width, 1,000 or more vehicles per hour (total both
approaches) enter the intersection on the major street;
and

2. During the same eight hours as In paragraph (1) there are
150 or more pedestrians per hour on the highest volume
crosswalk crossing the major street.

Warrant 4 - School Crossing

A traffic control signal may be warranted at an established
school crossing when a traffic engineering gtudy of the frequency
and adequacy of gaps in the vehicular traffic stream as related to
the number and size of groups of school children at the shcool cross-
ing shows that the number of adequate gaps in the traffic stream dur-
ing the period when the children are using the crossing is less than
the number of minutes in the same period (see Chapter 4).

Warrant 5 - Progressive Movement

Progressive movement control sometimes necessitates traffic signal
installations at intersections where they would not otherwise be war-
ranted in order to maintain proper grouping of vehicles and effectively
regulate group speed. The Progressive Movement Warrant is satisfied

when:

1. On a one-way street or a street which has predominantly
unidirectional traffic, the adjacent signals are so far
apart that they do not provide the necessary degree of
vehicle platooning and speed control, or
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2. On a two-way street, adjacent signals do nct provide
the necessary degree of platooning and speed control
and the proposed and adjacent signals could consti-
tute a progressive signal system.

The installation of a signal according to this warrant should be
based on the 85-percentile speed unless an engineering study indicates
that another speed is more desirable.

The installation of a signal according to this warrant should not
be considered where the resultant signal spacing would be less than

1,000 feet.

Warrant 6 - Accident Experience

The Accident Experience Warrant is satisfied when:

1. Adequate trial of less restrictive remedies with satis-
factory observance and enforcement has failed to reduce
the accident frequency, and

2. Five or more reported accidents, of types susceptible
to correction by traffic signal control, have occurred
within a 12-month period, each accident involving
personal injury or property damage to an apparent
extent of $200 or more; and

3. There exists a volume of vehicular and pedestrian
traffic not less than 80% of the requirements specified
either in the Minimum Vehicular Volume Warrant, the
Interruption of Continuous Traffic Warrant, or the
Minimum Pedestrian Volume Warrant; and

4. The signal installation will not seriously disrupt
progressive traffic flow.

Warrant 7 - Systems Warrant

A traffic signal installation at some intersections may be war-
ranted to encourage concentration and organization of traffic flow
networks.

The Systems Warrant Is applicable when the common intersection
of two or more major routes has a total existing, or immediately pro-

Jected, entering volume of at least 800 vehicles during the peak hour



of a typical weekday, or each of any five hours of a Saturday and/or

Sunday.

A major route, as used above has one or more of the following

characteristics:

1,

5.

Warrant

It serves through traffic flow;
It connects areas of principal traffic generation;

It includes rural or suburban highways outside of,
entering or traversing a city;

It has surface street freeway or expressway ramp
terminals;

It appears as a major route on an official street plan.

8 - Combination of Yarrants

70

In exceptional cases, signals occasionally may be justified where

no single warrant is satisfied to the extent of 80% or more of the

stated values.

WHAT DATA SHOULD BE COLLECTED WHEN STUDYING AN INTERSECTION?

i,

Vehicular Volumes

a. 2b-hour traffic count in one hour increments.
b. Peak hour counts in 15-minute increments

Pedestrian Volumes.
Approach Speed (85th Percentile Speed--See Chapter 3).
Safe Approach Speed (Sight Distance).

Collision Diagram Showing Accident Experience (Two
Year Minimum).

Condition Diagram Showing Geometrics, Grades, Parking,
Existing Traffic Control Devices, Land Use, and Sight
Distance Restrictions.

Special Studies.

a. Vehicle delay time.
b. Gap study.
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WHAT SIZE AND HOW [ANY LENSES PER SIGNAL FACE* ARE REQUIRED?
1. Signal lenses shall bz circular and either 8 inch or
12 inch in diameter (see MUTCD, PART 1V).
2. Each signal face, except pedestrian signals, shall have
at least three lenses but not more than five.

HOW CAN | DETERMINE IF 3 INCH OR 12 INCH INDICATIONS ARE IMPORTANT?

Eight inch lenses are sometimes used. However, the MUTCD and
KDOT states that 12 inch lenses should be used:

1. For intersections with 85th percentile speeds exceed-
ing 45 miles per hour.

2, For intersections where signalization might be unexpected.

3. For special problem locations such as those having con-
flicting or competing background lighting.

4. For intersections where drivers may view both traffic
control and lane--direction signs simul taneously.

5. For all arrow indications.
HOW IS THE MUMBER AND LOCATION OF SIGMAL FACES DETERMINED?

1. There shall be a minimum of two signal faces for
through traffic.

2, At least one and preferably both signal faces shall
be located not less than 40 feet nor more than 120
feet beyond the stop line. (See Figure 14).

3. |If both faces are post-mounted then they shall be
mounted on the far side of the intersection, unless
physical conditions make it impracticable.

L. The two signal faces shall each be within a 40 degrees
cone with the sides of the cone extending 20 degrees
left and right of the center of the approach extended.
(See Figure 14).

5. The mounting height of a post-mounted signal face
shall not be less than 8 feet or more than 15 feet
above the pavement or sidewalk.



6. The bottom of the signal face housing suspended
over a roadway shall not be less than 15 feet nor
more than 1S5 feet above the center of the roadway.

FIGURE 14

DESIRABLE LOCATION OF SIGMAL FACES

e 001
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AN INTERSECTIOM WITHIHN THE CITY MEETS WARRANTS AS ESTABLISHED IN THE
MUTCD FOR SIGNALIZATION. SHOULD A PRETIMED OR TRAFFIC ACTUATED CON-
TROLLER BE USED TO OPERATE THE INTERSECTION?

This decision should be made using traffic volume data as well
as field observations of the traffic patterns at the intersection. A
traffic actuated signal should be considered under the following
situations:

1. Low, fluctuating or unbalanced traffic volumes.

2. High side-street traffic volumes and vehicle delays
during peak hours only.

3. Locations where only a single warrant is satisfied,
such as at school crossings.

4. Non-intersection locations (mid-block pedestrian and
fire station signals).
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Pretimed controllers use a regulariy repeated sequence with
predetermined timing values based on average traffic volumes. !Hor-
mally, the cost of pretimed equipment is significantly less than
traffic actuated equipment. in addition, pretimed equipment is
easier to maintain.

BASED UPON COST ESTIMATES FOR SIGNALIZING AN INTERSECTION, IT APPEARS
THE COST WOULD EXCEED THE FUMDS AVAILABLE--CAN A LESS COSTLY INSTAL-
LATION BE MADE?

Many jurisdictions have used what is commonly referred to as a
span wire traffic signal instaliation. This consists of using wood
utility service poles and stretching cable between the poles to
support the signal heads and electrical cables. The cost of this
installation is significantly less than a post or mast arm instal-
lation. The affectiveness of this type of signal can be egqual to
the permanent installation. Some additional maintenance is required
such as tightening sagged cables and replacing wiring which is ex-
posed to the elements. This method should definitely be considered
if signalization is warranted and funds are not available for a

mast arm installation.
WHAT SIGNAL CYCLE LEMGTH SHOULD BE SELECTED?

The shortest practicable cycle lengths for pretimed systems are
the most desirable. Cycle lengths longer than necessary to accommodate
the existing traffic volume produce higher average delays.

The cycle length Is the total time required for one complete se-
quence of signal indications. This time includes the sum of the green

phases and yellow clearance intervals. For simple right angle
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intersections with moderate traffic volumes, the cycle length will
be in the range of 45 to 60 seconds. For a heavier volume inter-

section, the cycle length may run 62 to 90 seconds. Cycle gears for

pretimed controllers are available in 5~second increments.
HOW 1S THE SIGNAL PHASING DETERMINED?

The number of traffic phases used depends upon the volume and
direction of traffic flow and the number of approaches to the inter-
section and the number and type of auxiliary lanes. It should be
remembered that the number of phases controls the cycle length. When
.additionai traffic phases are used, longer cycle lengths are required.

Types of Phasing

1. Two-Phase--normally used at four-way right angle
intersections. Provides for most efficient operation
if left turn and pedestrian volumes are not excsssive.

2, Three Phase--used at intersections having a concen-
trated volume of left turns.

3. Exclusive Pedestrian Phase--used at intersections
where there is a serious conflict between turning
vehicles and heavy pedestrian volumes.

L. Split Phase--leading or lagging green, used where
there is an unbalanced direction of traffic flow.

WHAT IS THE DESIRABLE LENGTH FOR THE YELLOW CLEARANCE INTERVAL?

The yellow clearance interval advises the motorist that the red
interval is about to commence and the related green interval is about
to end. It should be of sufficient length to permit the motorist to
bring his vehicle to a safe stop or, If he has already entered the
intersection, sufficient time to clear the point of conflict. The yel -

low interval is a function of approach speed. Excessively short or long
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vyellow intervals encourage driver disrespect. Normally the yellow in-
terval is in the range of 3 to 5 seconds. When longer yellow intervals
are required, it is usually better to use a yellow of 3 to 5 seconds
and use an all-red clearance interval of | to 3 seconds before the

start of green for the opposing traffic (see Table 7).

TABLE 7

SUGGESTED TIMING FOR VEHICLE
CLEARANCE INTERVAL

(Seconds)
Width of
Intersecting Approach Speed in MPH
Street (Feet 25 30 35 L] 50
30 3.7 3.6 3.7 3:9 4.1
Lo 4.0 3.9 3.5 4.1 4,3
53 4.2 4.} 4.1 L4.2 L.4

HOW MUCH TIME SHOULD BE ALLOCATED TO THE GREEN INTERVAL?

The green time must be proportionately divided between the various
phases of the signal cycle to accommodate as many vehicles as possible
without causing undue delay on any approach. The minimum green time
is normally 12 seconds. In some locations shorter green times (7-3
seconds) have been used successfully,

Studies have shown that when a continuous line of vehicles is
waiting for a signal to turn green, there is an initial starting de-
lay for the first few vehicles in the line and then an equal delay
for all additional vehicles. It is possible to calculate the necessary

green time using the formula, ''green time=(2.1)n + 3.7" where n is the
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number of vehicles per cycle. This formula indicates an initial delay
of 3.7 seconds and 2.1 seconds green time for each vehicle. Commercial
vehicles and left turning vehicles will take more time and tend to in-
crease this value.

Even after calculating approximate green and yellow intervals, it
is best to field check actual operating conditions periodically and
make field adjustments as indicated. The following is an example of

a signal timing calculation.

SIGHAL TIMING CALCULATION

-g_ -
2 | g
P -
2 w
fn
9
T
Nk
4
- 240 vph
=
3243 vph —i» Minor Street
£
.
>
[—]
=
-]
e =
Lo!

85th Percentile Speed -- Major Street 30 MPH
85th Percentile Speed -- Minor Street 25 !PH

Step | -~ Determine Yellow Clearance Interval (from Table 7)

The yellow clearance interval for major street is 3.6 seconds.
The yellow clearance interval for minor street is 4.0 seconds.
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Step 2 == Calculate Hinimum Cycle Length

Assume a 5%-second cycle

Cycles per hour

3600 seconds = 590 seconds

72 cycles

Calcuiate the minimum green time per cycle

Major Street
Critical Volume
Vehicles/cycle
Minimum green

Minor Street
Critical Volume
Vehicles/cycle
Minimum green

4inimum Cycle
Length

Step 3 -- Adjust Timing

839 vehicles/hour
880 e-72 = 12.2 vehicles
2.1 (12.2) # 3.7 = 29.3 seconds

324 vehicles/hour
324 + 72 = 4.5 vehicles
2.1 (4.5) + 3.7 = 13.2 seconds

29.3 + 13.2 + 2,6 + 4.9
50.] seconds

The calculated minimum cycle length (50.1 seconds) was reasonatly

close to the assumed cycle length (50 seconds).

The phasing should

then be adjusted to utilize the entire cycle length, in this instance:

Major Street

Minor Street

Had the calculated cycle length been considerably longer or

Green Yel low
Phase Clearance
29 Sec. 4 Sec.
13 Sec. 4 Sec.

than the assumed cycle length, Step 2 should be repeated using a more

appropriate cycle length.

AT AN EXISTING TWC-PHASE SIGMALIZED INTERSECTION, A HIGH PERCENTAGE OF

THE ACCIDENTS OCCURRING INVOLVE LEFT TURMIMG VEHICLES.

ARE AVAILABLE?

WHAT SOLUTIONS

1. One possibility would be to create a left-turn lane.

shorter
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Peroving these vehicles from the through traffic
lana will improve traffic flow. :

If a left-turn lane exists and the volume of left
turning vehicles is high, a separate signal phase
should be provided for this diraction. A left-turn
phase may be desirable when the number of left turn-
ing vehicles is 120 or more during the peak hour and
is opposed by through vehicles.

REAR~END ACCIDENTS ARE OCCURRIMG ON AN APPROACH TQ AN EXISTING SIGNAL-
IZED INTERSECTION. WHAT CHANGES SHOULD BE CONSIDERED?

WHEN

There are several possible problems which should be studied:

I.

Poor Visibility of Signal Indications:
a. Increase size of signal indications.
b, PRelocate signal faces.

c. Install '"Signal Ahead' warning sign.

Short Clearanca Interval:

a. Adjust yellow clearance--allowable rang= is 3 to 5
seconds.

b. If longer interval is required, an all-rec¢ interval
should be considered {normally | to 3 seconds).

IS IT HECESSARY TO INSTALL PEDESTRIAN SIGHAL INDICATIONS?

When the traffic signal is installed under the pedestrian
volume or school crossing warrant.

When pedestrian volume is so substantial an exclusive
phase is provided for pedestrian movement during which
all conflicting vehicular movements are stopped.

When the vehicular indications are not visible or are
not positioned to serve pedestrians.

At established school crossings {see Chapter 4 - School
Crossings).

When the volume of pedestrian activity requires use of
a pedestrian clearance interval to minimize vehicle
pedestrian conflicts.

When multi-phase vehicular indications would tend to
cenfuse pedestrians.
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WHERE SHOULD THE PEDESTRIAH INDICATIQNS BE MOUNTED?

1. Pedestrian indications shall be mounted so that the
bottom of the housing is not less than 7 feet nor more
than 10 feet above the sidewalk.

2. The pedestrian indications should always be mounted in
the line of the pedestrian's vision of the crosswalk
being used.

IS THERE ANY REQUIREMENT REGARDING THE TIMIYG OF PEDESTRIAN SIGNALS?

1. The WALK interval should be at least 4 to 7 seconds.
However, the WALK interval does not need to be dis-
played during the entire time needed to cross the
street. Pedestrians can complete their crossing on
the FLASHING DON'T WALK.

2. The FLASHING DON'T WALK interval should be long énough
for a pedestrian to leave the curb and travel to the
center of the farthest traveled lane. This is normally
computed based on a walking speed of 4 feet per second
(3 for elderly and children).

CAN A TRAFFIC SIGHAL BE USED TO STOP MOTORIST
ENTRANCE?

(%]

AT A FIRE STATICHN

A traffic signal may be used when there is direct access to the
street from a building housing an emergency vehicle. The use of this
type of signal should be considered if adequate gaps in traffic do not
exist to permit safe entrance of emergency vehicles or if the sight
distance for vehicles approaching the emergency entrance is insuf-

ficient.

ARE THE DESIGN STANDARDS FOR AN EMERGENCY SIGHAL THE SAME AS AM [INTER-
SECTION SIGNAL?

Yes, with the following additions:

1. At least one signal face should be located over the roadway.

2. A sign with the legend ""Emergency Signal' should be mounted
adiacent to each signal face.



WHEN CAN YOU MAKXE A 'RIGHT TURM ON RED'" AT AN INTERSECTION?

A motorist may make a right turn on red (RTOR) at all signalized
intersections throughout the United States (except New York City)
unless there is a sign restricting the movement. A RTOR reduces con-
gestion at an intersection, conserves energy, and increases smooth
traffic flow. At an actuated intersection where the signal is con-
trolled by a vehicle detector, it has been argued that a motorist
making a RTOR will unnecessarily cause cross-traffic to stop; how-
ever, actuated detectors are available whereby a vehicle must remain
in place a brief period of time before tripping the signal.

To evaluate an intersection as to a potentially hazardous loca-
tion for a RTOR, the following guidlines are recommended. A RTOR
should be prohibited where:

1. An intersection has 5 or more approaches or a restrictive
design such as a small turning radius or two right turn
lanes (see Figure 15). On a multi-leg intersection, it
is necessary to restrict only those approaches at which
the driver is unaware which lane of traffic has the right-
of-way. :

FIGURE 15

INTERSECTIONS AT WHICH RTOR SHOULD BE PROHIBITED

i

AV N 4

I TX T

(a) (b) (c)

80
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2. The sight distance of vehicles approaching from the left
is less than the following minimums:
CROSS STREET SPEED LIMIT (MPH) MINIMUM SIGHT DISTANCE (FEET)
20 120
25 150
30 ' 190
35 220
ko 270
s 320
50 360
55 k1o
The distances should be measured from the edge of the cross-
street pavement or curb line since motorists usually move up
to the actual intersecticn line before making a RTOR. How-
ever, if there is heavy pedestrian traffic, the sight dis-
tance should be measurec from behind the crosswaik line.
3. There is a separate pedestrian signal during which pedestrians
can use all crosswalks.
4. The intersection is within 200' of a railroad grade crossing,

fire station, ambulance center, or any other intersection
where the signal indications from all directions are pre-
empted to allow the train, fire truck, ambulance, etc., to
pass safely through the intersection. The RTOR should be
prohibited for those approaches that would permit the mo-
torist without knowledge to expose himself to a conflict
with the other vehicle.

A RTIR may be prohibited where:

1.

Hazardous conflicts between pedestrians and motorists are re-
sulting from RTOR's.

More than one RTOR accident per year occurs on any one approach.

An unusual movement such as double left. turn lanes would not be
anticipated by the RTOR driver.

School crossings or large numbers of children or elderly pedes-
trians would make an RTOR unsafe. In this case, the RTOR may
be prohibited only during certain hours of the day,
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CHAPTER 10

ROADWAY LIGHTING

Roadway lighting provides for the safe movement of traffic during
darkness, reduces-ﬁight accidents, and reduces night crime in urban
areas. Proper lighting will provide the visibility necessary for the
driver to make decisions concerning the safe operation of vehicles. In-
adequate lighting may cause drivers to misjudge the speed or location
of other vehicles or fail to observe pedestrians, traffic control devices,
or roadway geometric changes.

The objectives of roadway lighting are:

1. To supplement vehicle headlights by extending the visi-

bility range teyond their limits both laterally and

longitudinally.

2. To improve the visibility of objects and features on or
near the roadway.

3. To delineate the roadway.

4. To provide visibility of the environment.

5. To reduce the apprehension of those using the roadway.

In most municipalities, street lighting is installed either by the
public or private utility company or by a private electrical contractor.
When lighting is desired on a roadway maintained by the Kansas Depart-
ment of Transportation (KDOT), the District Engineer should be contacted
before proceeding with any work. The District Engineer will advise the
local governmental agency as to the specific requirements for lighting
instal lations on a state right-of-way.

WHAT 1LLUMINATION LEVELS SHOULD BE USED IN STREET LIGHTING?

The function of the roadway should always be considered when deter-

mining lighting needs. The recommended values for roadway illumination

levels have been developed by the illuminating Engineering Society (IES).
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The IES recommends average-to-minimum uniformity ratios of 3:1 for
all roadways except local residential streets, which should have a ratio
not exceeding 5:1. The uniformity ratio on the pavement area is the
ratio of the average footcandles of illumination to the foot candles at_
the point of least illumination.

Average footcandles of illumination can be calculated using the

following formula:

Avg fc = Lamp Lms x Util Coef x Maint Factor
Spacing x Width of road

Where: Avg fc = Average foot candles (lumens/sq. ft.)
Lamp Lms = Initial lamp lumens
Util Coef = Coefficient of Utilization

Maint Factor = Luminaire and Lamp Maintenance Factor
The luminaire maintenance factor takes into account the loss of
lamp output prior to replacement and the loss of light due-to dirt accu-
mulation. Typical values for maintenance factors would be:
0.87-0.95 Cleaning every year |

0.67-0.86 Cleaning every three years
HOW ARE LIGHTIMNG INSTALLATIONS DESIGNED?

To determine if a lighting installation will be appropriate, the uni-
formity ratio of illumination and the average illumination provided must
be calculated using utilization and isofootcandle curves. The utiliza-
tion curve indicates how much light falls on the roadway (see Figure 16).
The isofootcandle curve shows the illumination on a roadway surface from
one or more luminaires. Points of equal illumination are CO@nected B}

a continuous line (see Figure 17).
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In order for these curves to be applicable to ail conditions, they

ars computed for a given mounting height and plotted versus ratios of

the actual horizontal distances (both lateral and longitudinal) to the

mounting height. Correction factors for other mounting heights are

given with the isofootcandle curve.

WHAT IS A TYPICAL SET OF CALCULATIONS TO DETERMINE A LIGHTING INSTALLA-

TION?

Data

Setback
e

A major route in a residential area is to be lightad
using a staggared luminaire spacing of 120 feet (see
illustration below).
Roadway Width 50 Feet
Luminaire Mounting Height 30 Feet
Luminaire Overhang 5 Feet
Luminaire Maintenance Factor 0.80
Mercury Vapor Lamp, 400 Watt, 21,500 lumens
Average lumens - 15,300 2 12,000 hours
4
z
o
2
-
B
T
=
Q
=
Curb Roadway 1 Curb
Hs*
House Side s
ekl Street Side
Lateral Distance i
T g FE
Rnld‘l'ljsro.\ﬂdth 2l

Sometimes called ''overhang''.
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120' 120'

)‘q{

I L Curb

Curb - PL,

L = Luminaire Humber

Calculation Required

1. Average |llumination per square foot (footcandles) for
the road pavement.

2, Uniformity Ratio -- Compare the average illumination
to the lowest footcandle value at any point (should not
be more than 3:1).

Step | - Determine Average |llumination

1. Estimate coefficient of utilization for the "‘street side!
of the luminaire:

Ratio (Lateral distance/mounting height) = 50'-5' = ﬂéf = 1.5
307 30!

From Figure 16 - coefficient of utilization = 0.43 (for a
ratio of 1.5).

2. Estimate coefficient of utilization for the “house side" of
the luminaire:

Ratio (Lateral distance/mounting height) é_i' - 0.16
30!

From Figure 16 - coefficient of utilization = 0.02 (for a
ratio of .16).

3. Obtain total coefficient of utilization
Street Side = 0.48
House Side = 0,02
Util. Coeff. = 0.50

L., Calculate the average illumination on the roadway by the formula:

Average Footcandles = Lamp lumens x Util Coeff x Maint Factor
Spacing x Width of Road

15,800 x 0.50 x 0.80 = 1.05 footcandles
120 x 50

The average illumination at 120' would be }.05 footcandles which
is almost equal to the amount specified for this type of street in the
IES Recommendations (1.0 fc).
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tep 2 - Determine Uniformity Ratio

Uniformity Patio = Averasge Intensity
Winimum Intensity

Using the previous data, determine the estimated foot-
candles of illumination contributed by each luminaire
at the locaticn along the pavement having the lowest
level of illumination (i.e., Point A).

Luminaire 1

Ratio (lateral distance/mounting height) = 5' = .16
(house side) 30!

Ratio (longitudinal distance/mounting height = 120' = 4,0
30!
Estimated footcandle value (Figure 17) = .025

Luminaire 2

Ratio (lateral distance/mounting height) = 45' = 1.5

(street side) 30"

Ratio (longitudinal distance/mounting height = 0 = 0
30"

Estimated footcandle value (Figure 17) = .80

Luminaire 3

Ratio (lateral distance/mounting height) =5'= .16

(house side) 39!

Ratio (longitudinal distance/mounting height) = 120' = 4.0
30!

Estimated footcandle value = .025

Calculate total illumination value (Point A)

Luminaire 1 0.025 footcandles
Luminaire 2 0.800 footcandles
Luminaire 3 0.025 footcandles

Total tllumination = 0.85 footcandles
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3. Adjust illumination value for lamp intensity and lumi-
naire maintenance factors.,
Lamp Intensity Factor (LI}
Haximum Intensity (per Figure 17) - 21,500 lumens

Average Intensity (from data) - 15,500 lumens

Lamp Intensity Factor = 15,300 = 0.73
21,500

Luminaire Maintenance Factor (LM) = 0.80 (from data)
Adjusted |llumination Value

Initial Value x L1 x LM = 0.85 x 0.73 x 92.80
= 0.50 footcandles

4. Calculate Uniformity Ratio

Uniformity Ratio = Average Intensity
= Minimum Intensity

= 1.05
0.50

= 2.1 to 1

This ratio of 2.1:1 is less than 3:1. Therefore, the illumination
at Point A is In accordance with acceptable limits. A similar calcula-
tion should be performed at other locations along the roadway (i.e.,
Points B and C) to ensure that the illumination at all points meets
the acceptable limits.
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FIGURE 16

UTILIZATION CURVE
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FIGURE 17

ISOFOOTCANDLE CURVE
(21,500 Lumen Lamp)
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WHAT 1S THE DIFFEREMCE BETWEEN PARTIAL VS. CONTIWUOUS LIGHTING?

Partial lighting refers to illumination at designated sections of
the roadway such as at intersections, isolated curves, or rail-highway
crossings where increased visibility is necessary for safe vehicle
operation. Continuous lighting refers to uninterrupted illumination
along the roadway. Continuous lighting is more expensive to install,
operate, and maintain. However, a series of partial lighting systems
along the roadway requires continuous eye adaptation by the driver.
This increases driver stress and enhances the probability of an ac-
cident. By gradually increasing the light intensity to its maximum
level and gradually phasing it back to darkness, the eye adaptation

problem can be reduced.
WHAT 1S THE MOST EFFECTIVE LIGHT SOURCE?

The selection of the most effective 1ight source should increase
the probability of maximum safety. Existing light sources have unique
advantages and disadvantages that should be considered in the selection
of lighting equipment.

1. Incandescent =~ low initial cost, good color, "instant-on"
characteristics, and no need for ballast; but low luminous
efficacy and short life.

2. Tungsten-Halogen - good color, no need for ballast, and
"instant-on'' characteristics; but high lamp cost; poor
optical control, low luminous efficacy, and short 1ife.

3. Fluorescent - good color, high luminous efficacy, and long
life; but large size, poor optical control, and suscep-
tibility to cold temperatures.

k. HMercury - good luminous efficacy, fair to good color, small

in size, and long dependable life; but relatively low luminous
efficacy.
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Metal Halide - better color at higher efficacies than mercury
lamps and good for high-mast lighting; but short life and
sensitive to lamp orientation.

wi

6. High Pressure Sodium - excellent luminous efficacy, gocod lumen
maintenance, long life, and very acceptable color; but higher
lamp cost and more expensive ballast.

7. Low Pressure Sodium - exceptionally high luminous efficacy;
but monochromatic color and large size.

WHERE SHOULD STREET LIGHTING BE INSTALLED?

Accident experience is the primary factor in determining street
lighting locations:

1. On freeways, a nighttime and daytime accident rate ratio
of two or greater indicates lighting is needed.

2. Rural intersections should be considered for lighting if
the average number of nighttime accidents per year exceeds
one-third the average number of daytime accidents per year.

3. ilajor arterials in urban areas or sections of strests or
highways in residential areas may need lighting where four
or more night accidents have occured in one year or six
night accidents in two years (provided the cause of the
accidents was attributed to Improper lighting) or where
the ratio of nighttime to daytime accident rates is higher
than the statewide average for similar locations.

4, All channelized intersections should be illuminated.
5. Crosswalks should be illuminated if a study of four con-
secutive years indicates a minimum of three pedestrian

accidents in this crosswalk were attributed to poor visi-
bility of the pedestrian.

WHAT TYPE OF LUMINAIRE SPACING SHOULD BE USED?

The safest luminaire support location is one that is protected from
traffic such as upon or behind an existing barrier or retaining wall, |If
the support is not protected, the probability of a vehicle-object col-

lision is greater as the number of supports increases or the distance from
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the roadway edge decreases. |If a supportrmust be installed less than
30" from the roadway =dge, breakaway devicaes should be considered. How-
ever, breakaway supports should not be used when the hazard of a falling
support is greater than a vehicle-object cﬁl!ision (such as in pedes-
trian areas).

Luminaire spacing is based upon the average intensity of illumina-

tion required. It can be calculated by the following formula:

Lamo Lms x Util Coef x Maint Factor

Spacing =
Avg Fc x Width of Road
Where: Lamp Lms = Initial lamp lumens
Util Coef = Coefficient of utilization

Maint Factor = Luminaire and lamp maintenance factor
(Tynical values: 0.87-0.95 for cleaning
every year or 2.67-0.86 for cleaning
every three years)

Avg Fc = Average footcandles (lumens/sq. foot)

Table 8 shows the recommended luminaire spacing for typical road-
ways. It is based upon the more commonly used luminaire wattages.
Figure 18 shows typical luminaire mounting arrangements. Staggered
spacing is the preferred arrangement as there are less supports adja-
cent to the edge of roadway which could result in a vehicle-object col-
lision. Opposite spacing would be appropriate where the width of street
exceeds twice the mounting height. Median spacing is more commonly used
on freeways or divided highways in urban areas. One side spacing should

only be used on narrow roadways.



FIGURE 18

TYPICAL LUMINAIRE MOUNTING ARRANGEIENTS
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WHAT MOUNTING HEIGHT SHOULD BE USED?

(a)

()

(e)

23

The mounting height is determined by lamp output, desired average

illumination, and uniformity of distribution. Light sources of 20,000

lumens or less should be mounted at heights of approximately 30' and

1ight sources of from 20,000 to 45,000 lumens should be mounted at heights

from 30' to 40', respectively. Uniformity of lighting is more important

than intensity.
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WHAT TYPES OF LUMINAIRE SUPPORTS SHOULD BE USED?

There are five types of poles used for Tuminaire supports:

1. Steel - galvanized steel poles are inexpensive and have a
long life; painted steel poles require extensive maintenance;
weathering steel poles when rained on have a rusty runoff
that can present aesthetic problems. Many breakaway devices
have been developed for steel poles.

2, Aluminum - Aluminum poles are relatively maintenance-free,
lighter than steel poles, but higher in cost. Because of
their light structure, they break away easily under impact.

3. Stainless steel - Stainless steel poles are relatively main-
tenance-free, lightweight, but more expensive than the pre-
vious two types. Breakaway devices have been desveloped for
stainless steel poles. :

4, Wood - Wood is the most economical lighting pole, can be
treated to prevent rotting, and may be painted to improve
its appearance. One wood pole can be used for several
utility functions such as supporting telephone and power
lines. However, wood poles have poor breakaway character-
istics.

5. Concrete - Loncreta poles are esconomical in certain geographic
locations, but they cannot be made breakaway.

WHAT IS A TYPICAL LAYOUT FOR INTERSECTION LIGHTING?

See Figure 19.

WHAT PROBLEMS ARE CAUSED BY GLARE?

Glare reduces visibility and causes eye discomfort. Glare can be
diminished by reducing luminaire brightness, by increasing mounting height

and by increasing the effective luminaire area.
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TABLE 38

RECOMMENDED LUMINAIRE SPACING FOR TYPICAL ROADVAYS

Area Traffic Average Unif. Road Hounting -
Class Class fe Ratio Width Height
Residential Local 0.4 £:1 30 30
Lo 30
30 30
Lo 30
Collector 2.6 3:1 30 30
Lo 30
30 30
40 30
Major 1.0 3:1 4o. 30
60 30
Intermediate Local (USE RESIDENTIAL COLLECTOR)
Collector 0.9 3:1 30 30
40 30
Major 1ok 3:1 Lo 30
60 Lo
Commercial Local (USE RESIDENTIAL COLLECTOR)
Collector 1.2 3:1 4o 30
Major 2.0 3:1 Lo 30

WHAT TYPE OF ROUTINE MAINTENANCE IS REQUIRED FOR LIGHTING INSTALLATIONS?

Proper maintenance of the system insures continued levels of illu-
mination at the original design value. It also minimizes repair cost
and protects the capital investment.

The responsible department or agency should establish a cleaning
and washing schedule. Based upon the surrounding conditions, glasswafe
should be washed at least one or two time per year. It is al;o necessary
to set ﬁp an inspection system to insure replacement of burnout lamps.

Filtered optical assembly should be used to reduce maintenance.
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AN EXISTING INTERSECTION HAS EXPERIENCED SEVERAL NIGHTTIME ACCIDENTS.
IS LIGHTING WARRANTED?

Lighting should be considerad when four or more night accidents
susceptible to correction by safety lighting have occured in one year

or six night accidents have occurred in two years.

FIGURE 19
TYPICAL LIGHTING PLAN FOR INTERSECTIONS
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WHAT TYPES OF ACCIDENTS MAY BE CORRECTIBLE BY STREET LIGHTING?

Street lighting will assist in preventing nighttime accidents

involving:



Obstacles located within the roadway (islands, medians,
bridge piers).

Single vehicle accidents at locations where the geometrics
of the road (or intersection) may contribute to the cause

of the accident ("T' intersection, curve, with poor hori-

zontal alignment).

Right angle collisions.

37
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CHAPTER 11

FAILROAD CROSSINGS

here are approximately 219,000 public rail-highway grade cross-
ings in the United States and a substantial number of these crossings
aée estimated to be lacking some type of special warning device. Each
year, a number of crossings are improved with signals, gates and other
more sophisticated warning devices. A large number of crossings, how-
ever, primarily located in rural areas, remain marked only by cross-
bu;k and advance warning signs and where possible, pavement markings.

Unsignalized crossings in rural areas are among those crossings
which can be particularly dangerous, although it is a fact that most
rail-highway accidents occur at 'protected' busier urban locations
where vehicular traffic is much higher. Train-car collisions may not
be the most frequent type of accident, but when these accidents do oc-
cur, they often result in fatalities. This chapter will asslist you in
determining when to take steps to upgrade a railroad crossing and how
to decide upon the best protective measures. In addition, because
crossing improvements are costly, th;re are directions on how to apply

for assistance in financing protective devices for local crossings.
WHAT FACTORS DETERMINE WHETHER A RAILROAD CROSSING IS SAFE?

Various formulas have been developed for use by traffic engineers
in evaluating railroad crossings. An obvious indicator, however, is
the accident history at a crossing. iMost formulas lcok at three vari-
ables if a crossing Is suspected to be hazardous.

1. Are the warning devices now at the crossing appropriate
and sufficient to warn motorists of approaching trains.
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What is the probability cf a conflict btetiieen vehicles and
trains at a crossing, i.e. how often do trains freguent a

crossing; how long do they cccupy the right-of-way; and

is the traffic volume at th2 crossing particularly heavy?

Do motorists have sufficient sight distance in approaching
the crossing to avoid collisions?

A study of typical railroad-highway grade crossings identified

these 10 conditions as major contributors to unsafe crossings:

P

2.

10.

Pavement markings were missing, improperly located, or
in need of maintenance.

Vehicles required by law to stop at all crossings presented
a hazard to other vehicles by blocking traffic lanes and
obstructing the protective signs and signals.

The driver's visibility of a railroad approach was obstructed
by vegetation growth.

There was a lack of illumination at night.

The driver's attention was distracted by traffic conditions
and other traffic controls on adjacent roads.

Advance warning signs were missing, improperly located
or in need of maintenance.

Ho appropriate areas were available for the driver to take
evasive action,

The driver's view of the crossing signs or signals was
obstructed by highway signs and fixed objects.

Fixed-mount protective devices (the crossing gate) were
themselves a hazard to vehicles.

Legally parked vehicles blocked the motorist's view of the
warning devices.

WHAT SIGNS AND MARKINGS SHOULD BE USED TO WARN MOTORISTS OF A RAILROAD

CROSSING?

Signs and markings are passive traffic control devices and serve to

alert the motorist of the existence of a railroad crossing and to take

appropriate action.
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Railroad Crossing ilarkings are placed in advance of a railroad

crossing and they consist of an 'X," the letters "RR,' a '"ilo Passing"
marking and certain transverse lines. They should be placed on all
paved approaches to grade crossings where signals or gates are located,
at crossings where the prevailing speed of traffic is 40 miles per hour
or greater and at crossings where engineering studies indicate a sig-
nificant potential for train-vehicle accidents (see Figure 20).

The signs to be used at a railroad crossing consist of the Rail-
road Advance Warning sign (W10-1), the Railroad Crossing sign (R15-1,2),
more commonly known as the ''crossbuck', and if there';re two or more
tracks, the number of tracks is to be indicated on an auxiliary sign
mounted below the crossbuck.
~HAT CONTROL DEVICES AlD SIGHALS ARE AVAILABLE FOR USE AT A RAILROAD

20SSING?

Because there are so many variables involved in evaluating a rail-
road crossing, there is no single standard system of active traffic
control devices universally applicable for grade crossings. An engi~
neering and traffic investigation must be made to determine which sig-
nals and devices are appropriate for each site.

Among the active devices available for use at crossings are the
automatic flashing light signals which are either post-mounted or can-
tilever supported, or automatic flashing light signals with gates which
are automatically activated by an approaching train., Highway traffic
signals are sometimes located at or near grade crossings. When a rail-
road grade crossing has automatic protective devices present and is lo-
cated within 200 feet of the near side of a signalized highway inter-

section, the control of the intersection traffic signal should be preempted
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by the railroad crossing signal controller upon the approach of a train
to avoid entrapping vehicles in the crossing.

HOY HUCH ﬁlSTANCE DOES A MOTORIST MEED TO SIGHT AN APPROACHING TRAIN IN
ORDER TO EITHER CLEAR THE TRACKS OR TO STOP SAFELY?

As a driver approaches a railroad crossing he has to decide wheth-
er or not it is safe to cross. In the absence of signals or gates, he
must be able to observe any approaching train and make a judgement in-
volving his own speed, that of the approaching train, and their respec-
tive distances from the crossing. At a minimum, he must be able to ob-
serve the approaching train while he is still far enough‘from the cross-
ing to bring his vehicle to a safe stop, if necessary.

Figure 21 illustrates the distance (Y) required to react to the
situation, apply the brakes, and decelerate to a stop at a safe dis-
tance in advance of the crossing. This distance, of course, varies
with the speed of the vehicle, the driver's reaction time, and the
braking characteristics of the vehicle which may in turn be affected
by the roadway surface. The accompanying table (see Table 9) is based
on some reasonably conservative assumptions with reéard to the vehicle,
driver and roadway, and establishes distance (Y) for various driving
speeds. Distance (X) in the table is the distance the train will travel
at various speeds during the same time that the driver is reacting and
stopping. By comparing distances (X) and (Y) for any given combination
of vehicle and train speeds, one can define the 'line of sight' that
must be clear of obstacles for safe operations at the crossing. It is
particularly important that warning signs, markings and crossbucks be

well placed and maintained in cases where sight distances are limited.
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FIGURE 20

TYPICAL PAVEHENT MARKINGS AT RAILROAD-HIGHWAY GRADE CROSSIMNG

|Stop Tine parallel to tracks, or 21
feet from and parallel to gate, if
present,

The distance from the railroad crossing marking
to the nearest track will vary according to the
approach speed and the sight distance of the

vehicular traffic approaching but probably should
be not less than 50 feet.

19 e n vy

1

A three-lane roadway should be marked with a
centerline for two-lane approach operation on
the approach to a crossing.

On multi-lane roads the transverse bands should
extend across all approach lanes, and indivi-

dual RXR symbols should be used in each approach
lane.
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FIGURE 21

SIGHT DISTANCE TRI1AMGLE FOR RAILROAD CROSSINGS
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TABLE 9
MINIMUM SIGHT DISTANCES
FOR COMBINATIONS OF HIGHWAY AND TRAIN VEHICLE SPEEDS
(In Feet

HIGHWAY SPEED IN MPH

Train 0 10 20 30 Lo 50 55
Speed MINIMUM DISTANCE ALONG RAILROAD FROM DROSSING (X)
10 162 126 9k ah a9 107 113
20 323 252 188 188 197 214 225
30 484 378 281 281 295 321 337
40 645 504 376 376 394 428 L5q
50 307 630 570 L70 492 534 566
60 967 756 562 610 590 642 675
70 1129 882 656 704 634 750 786
80 1290 1008 752 752~ 788 356 3900
30 1450 1134 844 844 384 a6lL 1010

MINIMUM DISTANCE ALONG HIGHWAY FROM CROSSING (Y)
20 65 125 215 330 k70 560

103
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CHAPTER 12

DRIVEWAYS

Driveways are privately-owned roads which connect buildings, park-
Ing lots and other areas with public roads and highways. Although
driveways are essential to provide access to these facilities, they can
produce hazardous highway conditions. Engineering studies have shown
that as commercial establishments become more frequent along a public
road, accident rates increase. The objective, therefore, is to regu-
late the design and frequency of driveways and other orivate access
roads so as to minimize the incidence of accidents and thereby maintain
a reasonable traffic flow along the highway.

A permit is required for the construction of any new access drive-
way or the revision of any existing driveway within the right-of-way
along a State highway. The permit is issued by the appropriate district
office of the Xansas Department of Transportation and all construction
work performed is subject to the condition of the permit with accom-
panying plans, drawings, sketches or other attachments.

WHAT FACTORS SHOULD A LOCAL AUTHORITY TAKE INTO ACCOUNT IN PROVIDING
GUIDELINES FOR DRIVEWAY CONSTRUCTION?

Driveways accessing major highways require more stringent require-
ments than those accessing secondary roads or streets. Standards for
all driveways, however, should minimize potential accidents and conflicts
between through vehicles and those entering and leaving the driveway.
Some of the objectives to be achieved through the use of proper drive-
way design standards are:

1. . Minimize the speed differential between through vehicles
and those using the driveway.



2. Eliminate encroachment of turning vehicles on adjacent
lanes.

3. Pronibit motorists from using tne road or nigiway as a
means of circulating between parking rows.

4. Provide sufficient space batween driveways to reduce
interference from traffic using adjacent driveuays.

5. Discourage motorists from parking on streets or backing
out onto the highway or road.

6. Preserve the original intent of the roadway, pedestrian
walkway and drainage facilities.

7. Provide adequate sight distance of on-coming traffic for
motorists exiting the driveway.

WHAT CRITERIA SHOULD BE USED IN DETERMINING WHERE DRIVEWAYS CAN BE SAFELY
LOCATED?

When considering a proposed driveway, the following criteria should
be used in determining that its construction will not endanger lives and

property.

1. The driveway should be located where motorists using
the proposed drive and abutting road will have adequate
sight distance, and where grade and alignment conditions
are favorable.

2, There should be no unnecessary interference with the
free and safe movement of highway traffic.

3. The safety and convenience of pedestrians and other
users of the roadway should not be compromised.

4. Driveways serving commercial, industrial and high density
residential developments can affect the efficiency and
safety of the street or highway onto which they enter and
exit. Perhaps the single most important factor in develop-
ing a safe access plan for these developments is a deter-
mination of the potential traffic volumes generated (see
Chapter 13).



106

WHAT ARE THE DESIGN STANDARDS FOR A :ION-COHMERCIAL DRIVEWAY?

The following standards are recommended:

Width of Drive - All residential or non-commercial driveways

should have a width between 19 and 20 feet with appropriate flares
at the curb or pavement'edge. .

Flare Radii - The recommended radii for residential drives is
five feet at minimum and 15 feet maximum.

Angle of Driveway - The driveway center line should generally

be at a right angle (20 degrees) to the pavement edge and follow this
angle from the roadway to the right-of-way line, or in rural areas, to

a distance of 40 feet from the edge of the pavement.
WHAT ARE THE DESIGN STANDARDS FOR A COMMERCIAL DR]VEWAY?

The following standards are recommended:

Width of Drive - Commercial di-iveways should be limited to a

maximum width of 30-40 feet mea;ured at right angles to the center
line of the drive and exclusive of flares. In rural locations, the
maximum opening along the pavement.should be 60 feet, measured six
feet back from the pavement edge. Curb openings in urban locations
should be limited to 85 feet.

Flare Radii = In rural locations the radii should be between 10
and 40 feet, and in urban areas, between 15 and 25 feet.

Angle of Driveway - Generally, the driveway should be at a

right angle to the roadway or parallel to the property line. The
angle can be reduced to 60 degrees for two-way driveways or 45 degrees

for multiple one-way entrances.
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WHAT IS THE RECOMMENDED GRADE FOR A DRIVEWAY?

Criveways in rural locations should have a grade that slopes
away from the highway surface at a rate equal to the slope of the
shoulder but not less than 3/16 inch nor greater than one inch per
foot. The slope should continue for a distance equal to the shoulder
width. Beyond the shoulder the driveway grade should not exceed
10 percent.

In urban areas, the slope should be compatible with the drainage
of the area but should not exceed 6 and 8 percent, respectively, for

commercial and non-commercial driveways.
HOW CLOSELY CAM DRIVEWAYS BE SPACED?

Normally, only one driveway should be permitfed for each resi-
dential property with a minimum of 10 feet between drives. The
typical commercial property should be allowed a maximum of two drjve-
ways. A minimum distance of 440 feet, and preferably 660 feet, should
be required between the center lines of entrances into shopping
centers and similar developments that generate high traffic volumes.
However, service drives into these centers which are not used by the
general public may be closer than 440 feet as long as they do not
encroach on turning lanes. The minimum distance of 440 feet is also
desirable between major commercial entrances and the nearest public
road. For residential drives along rural highways, the minimum
distance between the drive and the nearest public road is 50 feet.

Corner lots can reasonably be allowed one drive per street frontage.
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CAH A DRIVEWAY BE SHARED JOIWTLY BY TWO ADJACEMT PROPERTY OWNERS?

If two or more property owvners have a legal agrzemant describing
their joint right to property access, the only barrier to allowing
such a driveway would be the safety and traffic flow issues already
addressed in this chapter.

ARE THERE GUIDELINES FOR DRIVEWAYS FOR SPECIAL USES SUCH AS DRIVE-IN
THEATRES AND SERVICE STATIOHS?

Along with traffic volumes, other critical factors to be examinad
include the number of entrances, the size of the parking area, the
length of storage lanes for traffic entering and leaving these estab-
lishments, and the internal traffic circulation pattern. Different
kinds of developments also demand special conditions.

1. Office Space. The exits should be designed to accommo-
date heavy traffic during peak hours.

2. Drive-in Service Establishments. The layout of the site
must provide that all waiting vehicles are off the right-
of-way and not concentrated on the entrance driveway.

3. Drive-in Theatres. A storage area between the ticket
booths and the highway should be provided for an
equivalent of 10 percent of the rated vehicle capacity of
the theatre.

L, Service Stations. The site should be laid out so that the
minimum distance from the right-of-way line to the near
edge of the pump island is 13 feet. A greater distance
is recommended to permit freer movement of larger
vehicles and to ensure they are entirely off the street.
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CHAPTER 13

CONMNMERCIAL DEVELOPMEHT

Changes in land use can greatly modify the traffic patterns of
an area. These changes are particularly significant if the property
undergoes change from a relatively undeveloped parcel to one having
commercial usage.

The traffic impact of such development proposals should be
carefully reviewed. Of particular importance are the following two
issues:

- Will this project cause congestion or create an unsafe
traffic condition?

- 1s sufficient off-street parking being provided?
This chapter examines these issues as well as other questions

which may arise concerning this type of project.
HOW MUCH TRAFFIC WILL BE GENERATED BY A NEW COMMERCIAL DEVELOPMENT?

Because of the many variables affecting traffic generation, it is
difficult to predict the precise amount of traffic which will be gene-
rated by a given project. However, transportation studies have quan-
tified, in general terms, the volume of traffic generated for different
types of projects.

Table 10 presents a tabulation of generation values which may be
expected for both residential and commercial developments. Daily and

p.m. peak hour forecasts are given for each type of project.
HOW MANY PARKING SPACES ARE NEEDED FOR A NEW DEVELOPMENT?

Table 11 has been developed as a guideline to determining how many
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on-site parking spaces should be provided for different land uses. The
number of spaces shown will normally accommodate peak parking demand
for that type of development.
IF A DEVELOPMENT INCLUDES A MIX OF OFFICES AND RETAIL ESTABLISHMENTS,
WON'T SOME.TRIPS BE TO BOTH OFFICES AND STORES?

Yes, it is reasonable to assume that some of the trips generated
by the site will utilize both the office and retail facilities. For
the type of commercial development, the number of office trips fore=

casted using Table 10 can be reduced by up to 20 percent to reflect

an intermingling of uses.
HOW MANY ACCESS DRIVES ARE NEEDED TO ACCOMMODATE A DEVELOPMENT?

There is no standard answer to this question. Access requirements
will depend upon the volume of traffic on the main road, the number of
trips generated by the development, existing roadway conditions, pro-
perty dimensions, etc. As a practical point, it is generally a good
policy to provide two access driveways if the size of the commercial
development exceeds 25,000 square feet.

The following are other guidel ines which should be considered:

- Access driveways should generally be designed with two

exiting lanes when the left turn volume exceeds 100
vehicles per hour.

- A left-turn storage lane should be provided along the
adjacent highway when left turning movements into the
site exceed 100 vehicles per hour at any given location.

- Where at all possible, align the proposed access drives

directly opposite existing driveways or streets so that
offset intersections can be avoided.



SUMMARY OF TRIP GENERATION RATES

TAGLE 19

11

(FOR URBAN AREAS OF POPULATION GREATER THAN 25,000)

Land Use

Residential
Single Family Unit
Apartment

Retail
0 to 50,000 GSF
52,000 to 100,00C GSF
100,000 to 200,000 GSF

0ffice
General Office
Medical Office

Restaurant
Fast Food
High Turnover,
Sit Down

industrial
Per Employee
Per 1000 GSF
Per Acre

Average Weekday Vehicle Trip Ends

(n

115
80
60

Daily

per unit
per unit

per 1000

per 1000
per 1000

per 1000
per 1000

per 1040

5 per 1000

ask(2)
GSF
GSF

GSF
GSF

GSF
GSF

P.M. Peak Hour

| per unit
0.7 per unit

15 per 1000 GSF
o per 1000 GSF
& per 1000 GSF

2.5 per 1000 GSF
6.5 per 1000 GSF

30 per 1000 GSF
10.5 per 1000 GSF

(1) A trip end is one trip either entering or exiting the development.

(2) GSF = Gross Square Feet of floor area in the building.
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TABLE 11

PARKING REQUIREMENTS

Parking Spaces

Land Use Required
Residential

Single Family Unit 2 per unit

Apartments 1.75 per unit
Retail

Convenience Retail 5 per 1000 GSF

Other 4 per 1000 GSF
Office 4 per 1000 GSF
Restaurants 1 per 3 seats
Industrial ' 1 per 2 employees

WHAT ARE THE GUIDELINES TO DETERMIME iF A DEVELOPMENT WILL NEED ADDI-
TIONAL TRAFFIC LANES ALONG AN ADJACENT STREET?

The critical lane analysis is useful in determining if addi-
tional traffic lanes will be needed. Count peak hour volumes on the
adjacent street. |[f the volume of traffic in the heaviest direction
of travel (expressed in vehicles per lane per hour) plus that exiting
from the access roaa to the development (vehicles per lane per hour)
exceeds 1200 vehicles, additional lanes will be required.

Example

Main Street

- Has two traffic lanes (one in each direction)

- Peak hour traffic volumes
Northbound - 800 Southbound - 400
Driveway to the Proposed Development
- Has two traffic lanes {one in each direction)

= Peak hour exiting traffic volume -~ 500
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Critical Lane Analysis

- lain Street 300 Vehicles per lane per hour
- Driveway 500 Vehicles per lane per hour
Total Volume 1300 Vehicles per lane per hour

The total volume exceeds 1200 vehicles per hour. Therefore, addi-
tional lanes will be required on Main Street or additional exiting lanes
(or driveways) should be built to the proposed development.

ARE THERE GUIDELINES FOR STREET AND AREA LIGHTING IMN COMMERCIAL DEVEL-
OPHENT?

Lighting on commercial properties is normally the responsibility
of the property owner(s) and must be located on private property un-
less special permits allow location on the right-of-way. Lights on
commercial properties should not be a nuisance to passing motorists
and cannot be similar to traffic control devices. ilo flashing, oscil-
lating or rotating lights visible from any public highway should be
permitted to be placed on any building or structure within 200 feet
of and visible from the highway, and no illuminated signs should be
allowed to have unshielded lights which might impair the vision of
passing motorists on the adjacent street. Local codes may, and often
do, restrict all lighting and signs. Developers must comply with

local codes which are often more restrictive than state codes.
WHAT PROCESS MUST A DEVELOPER FCLLOW TO OBTAIN THE NECESSARY PERMITS?

The developer of a commercial property which accesses State
and/or municipal roads must comply with local building codes, setback

requirements,ﬁginimum lot sizes, density of building, provision for
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adequate parking and other regulations. A State permit will not

be granted for access to State nighways unless the develonment's
land use and zoning plans conform with local laws. In the case of
subdivided lands abutting a State highway, reasonable access to the
highway will be permitted, but internal circulation must be provided
and individual entrances on the highway are not allowed. Where
extensive work will be required on the State highway itself, a for-

mal joint agreement, instead of the usual permit, is required.
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CHAPTER 14

TURN RESTRICTIOHS AND ONE WAY STREETS

With increasing traffic volumes on local street systems, various
means have been sougnt to improve traffic flows without having to
construct new streets and street systems. The use of turn restric-
tions at intersections and the conversion of two-way streets to one-
way offer two such opportunities. In order to achieve these effici-
encies, however, the travel routes of some motorists will be affected.
This chapter discusses the use of turn restrictions and one-way
street regulations and their %mpéct on traffic flows. It offers guide-
lines as to when these alternatives would be useful in improving the

circulation of traffic.
WHEH SHOULD LEFT TURNS BE PROHIBITED AT AW IWTERSECTION?

Left-turn movements at intersections are a leading cause of con-
gestion and delays. |If opposing traffic is heavy, left turns may be
particularly difficult to make. Furthermore, these turning vehicles
may impede the flow of through traffic if separate left-turn lanes are
not provided. Because of greatly varying conditions from intersec-
tion to intersection, however, no specific rules have been developed
for determining when left turns should be prohibited.

The following general guidelines will help in evaluating traffic
conditions to decide if a left turn prohibition would be useful at a
particular intersection.

1. Are other measures available to alleviate the traffic prob-
lem? As a general rule, other solutions such as the pro-
vision of a separate left-turn lane, the addition of a special
left-turn phase (if the intersection is signalized), etec.,

should be considered before initiating a left-turn prohibi-
tion.
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2. Does the motorist have an alternate point at which to make
the left turn if that movament is prohibited at this particu-
lar location? |If so, are left turns warranted or possivle at
this other location? |t may be a residentiai strezet which
cannot handle additional traffic, and would thereby create
an equally objectionable or unsafe condition:

3. How many motorists are turning left? As a guideline, left
turns should averags at least two per minute for the period
under study to warrant consideration of a left-turn prohi-
bition as a means of limiting congestion.

4, How frequent is the conflict between left turns and oppos-
ing through traffic? As a general rule, the total of left
turns and opposing traffic volumes should exceed 750

vehicles per hour for at least two hours of the day before
left turns are prohibited.

CAN LEFT TURNS BE PROHIBITED AT AN lNTéRSECTION FOR ONLY PART OF THE
DAY, FOR EXAMPLE, THE PEAK HOUR?

As a general rule, it is not a good practice to prohibit left turns
for only part of the day. Such restrictions are difficult to sign (un-
less internally illuminated signs are used) and tend to confuse
motorists. In instances where the hours of prohibition are painted
on the sign, some motorists may not be aware of the time of day. Where
internally illuminated signs are used, opposing through traffic may
not know if the sign is illuminated. In Kansas, péak hour restrictions
are normally more applicable.

Nevertheless, if the traffic pattern exhibits a great deal of fluc-
tuation, for example, a large number of left turns during the peak hour
and very few during the remainder of the day, a parttime prohibition

could be considered.
HOW SHOULD LEFT-TURN PROHIBITIONS BE SIGNED? :

Turn prohibition signs should be placed where they will be most
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readily seen by drivers intending to turn., ‘!lo Left Turn signs are
to be placed in the near right-hand and far left-hand corners of an inter-
section facing approaching traffic.

Turn prohibitions during certain periods of the day require special
treatment. Internally illuminated signs lighted only during the hours
of prohibltion, or mechanical ly-operated variable message signs are
recommended. Permanently mounted signs incorporating supplementary
legend showing the hours of prohibition can be used as a substitute. How-
ever, these signs are not nearly as effective as those which have inter-
nally illuminated or "blank out' messages.

IF A STREET IS EXTREMELY HARROW, WOULD THE BEST APPROACH BE TO MAKE IT
ONE-WAY OR TO PROHIBIT PARKING?

There is no set answer to this question. In commercial areas where
parking is a premium it is probably more desirable to make the street
one-way than eliminate curb parking. However, a parallel street, pre-
ferably not more than a block away, should be available for one-way flow
in the opposite direction.

For residential areas serviced by driveways and/or an alley, it is
general ly more acceptable to eliminate curb parking thereby continuing
to allow two-way traffic movements. Maintaining two-way traffic is also
desirable in residential areas where the blocks are unusually long.

Table 12 indicates the Kansas Department of Transportation's guide-
lines on minimum widths for one-way and two-way streets with and without
parkfng. The table establishes the Department's policy on widths of
streets for urban improvements and is meant for state controlled and main-

tained roads. But the guidelines are also recommended for local authorities
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who are concerned with street improvements or who require such guide-
lines for situations such as determining when to make a street ons way.
The first column indicates the minimum hourly traffic volume projected

for that street for the next 20 years.
UNDER WHAT COMDITIONS 1S IT DESIRABLE TO MAKE A STREET ONE-WAY?

As a general rule, two-way streets should be made one-way only
undar the following conditions:

l. It can be shown that a specific traffic problem will be
rel ieved by the proposed one-way street system.

2. A one-way operation is more desirable than alternate solu-
tions.

3. Parallel streets of suitable capacity, preferably not more
than a block apart, are available.

L. Such streets provide adequate traffic service to the area
traversed and carry traffic through and beyond the con-
gested area.

5. Safe transition to two-way operation can be provided at the
end points of the one-way sections.

6. Thorough study shows that the total advantages outweigh

the disadvantages.

WHAT BEMEFITS CAN BE ACHIEVED FOR MOTORISTS AMD PEDESTRIANS BY IMPLE-
MENTING A ONE-WAY STREET SYSTEM?

One-way streets will increase traffic efficienéy by minimizing con-
flicts and making more effective use of the roadway. In many cases,
one-way streets will result in a reduction of accidents by?

1. Reducing conflicting movements at intersections such as
between left-turning vehicles and opposing through traffic.

2. Eliminating head-on collisions.

3. Eliminating headlight glare.
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L., Increasing lane width.

5. Eliminating entrapment of pedestrians between opposing streams
of traffic.

5. Improving signal timing at successive intersections to give
smooth, continuous flow.

7. Improving the driver's field of vision at intersection
approaches.

One-way streets will improve transportation efficiency by reliev-
ing traffic congestion on two adjacent two-way streets thereby reduc-
ing travel time, stops, and delays. Traffic signals can be simplified
by eliminating the need for separate left-turn phases on two-way streets.
IS THERE REASON FOR BUSINESSMEN TO BE CONCERNED IF THE STREETS ON WHICH
THEIR BUSINESSES ARE LOCATED ARE MADE ONE-WAY?

It is not uncommon for business owners to be concerned that making
their street one-way will harm their businesses. However, studies made
in various parts of the country generally tend to disprove this claim.
Some of the findings from these studies include the following:

1. There is no indication of adverse economic influence on

business activity within the one-way corridor. In one
study, the number of business failures was reduced sub-
stantially after one-way conversion,

2, Property values along streets converted to one-way were
not adversely affected.

3. Many businessmen formerly opposed to a one-way street
plan become its strongest supporters after experiencing
its traffic benefits.



TABLE 12

RECOMHEIDED WIDTHS FOR OME-WAY
AND TWO-WAY STREET IMPROVEMENTS

Two=Way Streets
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Widths
With With
Number Minimum Parking Parking
Two-Way of Traffic Width of Without On One On Both
DHV-20%* Lanes Median Parking Side Sides
Less than
1400 2 None 300 = 36 Ly
1400 to 2400 b 4 VA 56! 64! 72!
2400 to 3400 6 byt éo!' 83! 36!
One-Way Streets
Widths
With Without
Number Parking Parking
One-Yay of Traffic Without dn One On Both
DHV-29 Lanes Parking Side Sides
Less than 1400 2 30 %% 36! L
1450 to 2150 3 Lot 43! 56!
Over 2150 b 52" 60! 68!
HOTES
® DHV-20 = Design Hourly Volume - 20 Years Projected.
*%

*
35
E

3.

Provides for two-lane operation passing a stalled vehicle.
Barrier medians shall not exceed six feat,

All widths are face to face of curbs and 2' width gutters pro-
vided on right throughout except that one foot gutter flags
may be used adjacent to parking lanes.

On two-way streets where the DHV-20 is less than 500, con-
sideration should be given to the use of flexible base and sur-
face treatment for the parking lanes.

The above widths are based on 12' traffic lanes and provide for
a 2' side clearance from the face of curbs to adjacent traffic
lanes on right. Eleven foot lanes are not desirable and an
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economic justification for their use will be required. Wwhere 11’
lanes are considered, the indicated maximum traffic volumes in

17

each classification ars to be reduced 12%%.
4, Geometrics of the termini of a one-way couple are to be commen-

surate with the design speed of the adjacent two-way roadway.

WHAT 1S THE BEST USE OF TRAFFIC SIGNS TO ADVISE MOTORISTS OF ONE-WAY
TRAVEL ON A ONE-WAY STREET?

The signs used to inform motorists that the street is one-way
shall be either: a) a white arrow, right or left, on a black horizon-
tal rectangle of a minimum of 36' x 12" size with the words ''One~
Way'' centered in the arrow (R6-1); or b) a vertical rectangle of a
minimum of 138" x 24'' size with the words ''One-Vlay'' and a right or

left arrow on a white background (R6-2). (See Figure 22).

FIGURE 22

TYPICAL GNE-WAY STREET SIGNS

R6-1 R6-2
36" x 12 18" x 24

One-Way signs (R6-1) shall be placed on the near right hand and
the far lefthand corners of the intersection so they face traffic enter-
ing or crossing the one-way street. One-Way signs (R6-2) should also be
placed parallel to the one-way street directly opposite the exits from

the alleys, parking lot driveways, etc.
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To further aid motorists on the cross street, Mo Left Turn or
Ho Right Turn signs (R5-1) can be posted cn the far side of the
intersection. Figure 23 illustrates typical signing along a one-way

street.

FIGURE 23

TYPICAL SIGNING ALONG A ONE-WAY STREET
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FIGURE 23 (Continued)

B et bt |
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CHAPTER 15

TRAFFIC ACCIDENTS

Establishment of an accident record system which permits the ac-
curate retrieval and analysis of traffic accident records is of utmost
importance to all governmental jurisdictions. Good accident records
will facilitate the planning of accident prevention measures through
engineering, education and enforcement.

HOW SHOULD LOCAL ACCIDENT RECORDS BE FILED SO THAT THEY CAil BE USED
MOST EFFECTIVELY FOR ACCIDENT ANALYSIS?

To facilitate the accident analyseg, the original reports of acci-
dents should be filed by year and by locatfon of accident occurrence.
As an alternatfve. the original reports could be filed chronologically
and a location cross-raference index file could be developed to per-
mit retrieval of accident data for specific locations.

In cities, the location file is generally an alphabetical file
of street names, with intersection accidents filed behind a primary
guide bearing the name of the street that comes first alphabetically
and a secondary guid; bearing the name of the intersecting street or
streets., Accidents between intersections are filed immediately behind
a primary guide for the street on which the accident occurred, with
subdivisions by block numbers as needed. County accident reports are
usually indexed first by township, éhen by route number, and finally
by route section or field reference system location.

Local agencies needing assistance in setting up an accident records
system are encouraged to contact the Safety Department, Kansas Depart-

ment of Transportation. An axcellent guide to traffic accident
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report filing is the Manual on ldentification, Analysis and Correction

of High Accident Locations which is available from the Safety Depart-

ment, Xansas Department of Transportation.

ARE THERE SPECIAL TECHHIQUES FOR SUMMARIZING TRAFFIC ACCIDENT DATA
WHICH WILL HELP IDENTIFY THOSE LOCATIONS EXPERIENCING AM ACCIDENT
PROBLEM?

Accident spot maps and high accident frequency Iocatioﬁ lists
are two tools which can be used to pinpoint problem locations. In
particular, a spot map furnishes a quick visual index of the loca-
tion of accident concentrations, thus supplementing the location file.

The most common spot map is one showing accidents by pins, spots,
or symbols on the map at the location of occurrence. This map is posted
currently as reports are received, using different shapes, sizes or
colors to indicate different types and severities of accidents. The
legend should be as simple as possible, using not over four or five
types, sizes, or colors of spots.

Accident spot maps are normally maintained for the calendar year,
then photographed and the picture filed so that it can be retrievad
for comparison purposes. Types of special maps sometimes used are:

- Pedestrian accident spot map
Night accident spot map

- Spot map of accidents involving drinking drivers
School child accident spot map

With the aid of these spot maps and the accident location file,
"figh accident frequency locations' are readily detectible. Annual
or more frequent periodic listings of these locations can then be
compiled for purposes of analysis and correction. For additional infor-

mation on spot maps refer to the Manual on ldentification, Analysis

and Correction of High Accident Locations.
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HOW CAN THE PROBABLE CAUSES FOR A HIGH ACCIDENT LOCATIOM BE DETERMINED?

Collision and condition diagrams are the most effective tools for
analyzing traffic accident patterns to determine probable causes for
unusually high rates.

A collision diagram illustrates graphically, by means of direc-
tional arrows and symbols, the paths and nature of collision by ve-
hicles and pedestrians involved in accidents. These diagrams are
schematic and, therefore, are seldom drawn to scale. As is shown in
Figure 24, a set of arrows is used to represent each accident. The date,
time of day, and other special information is written next to one of the
arrows depicting that particular accident.

qulision diagrams illustrate accident patterns and can be used to
identify the types of remedial actions requirad to correct the problem.
For example, a large number of rear-end collisions at an intersection
with Stop sign control may ihdicate that the Stop sign is not ade-
quately visible.

Condition diagrams are scaled drawings showing the physical char-
acteristics of the intersection (or other Iocation‘being studied). The

type of information typically shown includes:

= Curb Lines - Traffic Controls
- Property Lines = Building Structures
- Sidewalks & Driveways = Trees, Shrubbery

- View Obstructions
This drawing can be used in Eonjunction with the collision diagram to
identify the reason for a particular type of accident, i.e., a high
incidence of right angle collisions may be caused by a visibility

obstruction in one corner.



An excellent guide to collision and condition diagrams is the

Manual on identification, Analysis and Correction of High Accident

Locations.

WHAT MEASURES CAH BE EMPLOYED TO LOWER THE ACCIDENT RATE AT A HIGH
ACCIDENT LOCATION?

The spot maps, collision diagrams and condition diagrams will be
nelpful in identifying the accident pattern and possible causes for
accidents at a particular location. Selection of the appropriate
countermeasure to alleviate the accident problem is the next step.
Table 13 is a summary of some of the countermeasu}es which can be em-
ployed to deal with the more typical accident causes. |If these meas-
ures do not prove effective for a particular location, the local agency

is encouraged to seek the help of a professional traffic engineer.
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FIGURE 24

TYPICAL CCLLISION DIAGRAM
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COLLISION DIAGRAM
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GEMERAL COUNTERMEASURES FOR ACCIDENT
PATTERMS AND THEIR PROBABLE CAUSES

Accident Pattern

Right Angle Colli~
sions (Signalized
Intersection)

Right Angle Colli-
sions (Unsignalized
Intersection)

Rear End Collisions
(Signalized Inter-
sections)

Probable Cause

Poor Signal Visi-
bility

Inadequate Signal
Timing

Restricted Sight
Distance

Heavy Traffic
Volume

High Approach
Speed

Poor Signal Visi-
bility

Inadequate Signal
Timing

Slippery Surface

Large Turning
Volumes

General Countermeasure

Install 12" signal lenses
Install overhead signals
Install backplates, visors
Install advance warning
signs

Improve signal head loca-
tions

Add signal heads

Adjust amber phase
Provide all-red clearance
Retime signals

Remove sight obstructions
Restrict parking

Install Stop signs
Install warning signs
Reduce speed limit
Install signals

Install signals

Reduce speed limit
Install rumble strips

Install advance warning
signs’

Install overhead signals
Install 12" signal lenses
Install backplates, visors
Relocate signals

Add signal heads

Improve signal head loca-
tion

Adjust amber phase

Overlay pavement
Groove Pavement
Reduce speed limit

Create turning lanes
Prohibit turns
Increase curb radii



Accident Pattern

Rear End Collisions
(Unsignal ized
Intersection)

Fixed Object Colli-
sions

Night Accidents

Left-Turn Colli-
sions

TABLE 13 (Continued)

Probable Cause

Driver Hot Aware
of Intersection

Slippery Surface

Objects HNear
Traveled VWay

Slippery Surface

Poor Visibility

Large Volume of
Left Turns
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General Countermeasures

fnstall/improve warning
signs

Overlay pavement
Groove pavement
Reduce speed limit

Remove obstacles
Install barrier curbing
Protect objects with
guardrail

Overlay pavement
Groove pavement
Reduce speed limit

Install/improve street
lighting
install/improve warning
signs

Install/improve delinea-
tion markings

Provide left turn signal
phase

Prohibit left turns

Channelize intersection
Create ocne-way streets
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CHAPTER- 16

WORK ZOHE PROTECTION

Because of varying construction conditions, the safe and expe-
ditous movement of traffic through work zones is a difficult prob-
lem. Studies of accident patterns in work zones show there is almost
always an above-average accident rate during those periods when a con-
struction or maintenance activity is taking place.

This chapter answers some of the basic questions concerning the
design, application, installation and maintenance of various types
of traffic control devices required for road or street construction,
maintenance and utility operations. HMore detailed information on this

subject is contained in Part V! of the Manual on Uniform Traffic Con-

Trol Devices.

WHAT TYPES OF CONSTRUCTION SIGHS ARE AVAILABLE FOR WORK ZONE TRAFFIC
CONTROL?

There are three types of traffic signs for this use: regulatory
warning and guide. Regulatory signs (Stop, Yield, Speed Limit, etc.)
will be of the same size, shape and color as for normal use. Because
of the legal obligations imposed by these signs, it is essential that
their use be authorized by the public body or official having juris-
diction.

Warning signs (Road Work Ahead, Detour 1000 Feet, Flagger Ahead,
etc.) are also of the same size and shape as regular warning signs.
However, they have one distinguishing difference; the background for

warning signs for work zones are orange, not yellow as for normal
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_ application. Furthermore, where any part of the roadway is obstructed
or closed, the approach warning signs should have a standard size of
48" x 48'". Uhere speeds are low, 36" x 36" signs may be used.

Guide signs have a number of purposes and, consequently, may have
messages and shapes other than the standard orange diamond. ‘‘'End
Construction' and '"Pilot Car Follow Me' are two examples. Vhere these
signs are used, they shall have a black symbol or message on an orange
background and shall be rectangular in shape. Figure 25 illustrates

many of the signs used in construction and maintenance activities.
IS THERE A SPECIFIC MOUNTING HEIGHT AND LOCATION FOR THESE SIGNS?

The standards for positioning these signs are the same as for
normal signs. Figure 3, Page 33, illustrates typical applications of

warning signs in rural and urban areas.
WHICH WARNING SIGNS SHOULD BE USED FOR A TYPICAL WORK ZONE SITUATION?

No one standard sequence of sians or other control devices can be
set up as an inflexible arrangement for all situations due to the
variety of conditions encountered. In general, however, warning signs
are used to achieve three objectives: {.e. 1) to warn the motorist of
unusual activity, 2) to inform the motorist bf conditions that will be
encountered, and 3) to guide the motorist through the area.

Warning signs are generally used in that sequence. Approach warn-
ing signs such as '"Road Work Ahead' warn motorists of an upcoming work
zone. These signs would be the first in the sequence of traffic con-

trol devices employed. Signs such as '""Right Lane Closed Ahead' are
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specific warning signs and follow next in the sequence. These signs
tell the motorist what to expect. Finally, signs such as “Lane Ends
Merge Left'' and other devices such as cones or barricades help guide
the motorist through the area. Figure 26 illustrates a typical appli-

cation of these signs.

FIGURE 25

CONSTRUCTION SIGHS

R1-1 > RS-9
RS- i
30" x 30" -R'1-2 30" x 30" 36" x 23"
35" x 36" x 36"

30" x 30" 36" x 36"
/" W1-2 -1
30" x 30" 30" x 30"

5, ROAD -
CONSTRUCTION| [~ Enp
“NEXT'5 MILES | | CONSTRUCTION
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FIGURE 26

TYPICAL MORK ZOME SIRHING
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1. Taper Formula:

L = SXW for speeds of
L5 or more.

L= NSZ for speeds of ¢
[5) 40 or less.
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L = Hinimum length
of taper.

S = Numerical value
of posted speed
limit prior to
work or 85 per-
centile speed

2. The maximum spacing
between channeliz-
ing devices in a
taper should be ap-
proximately equal
in feet to the speed
limit.

KEY:

i Channelizing devices
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HOW FAR IH ADVAHCE OF THE WORK ZONE SHOULD THE WARIING SIGHS BE PLACED?

Where open highway conditions orevail on the approach to the
work site, advance warning signs should be placed approximately
1500 feet in advance of the condition to which they are calling atten-
tion. Where a series of advance warning signs are used, the warn—.
ing sign nearest the work site should be placed approximately 500
feet from the point of restriction with additional signs at 500-1000
foot intervals. On expressway and limited access facilities, the
advance warning distance should be increased to one-half mile or mores.
On city streets, where more restrictive conditions generally prevail
on the approach to the work area, signs in the immediate vicinity of

the work may be placed at closer spacings of 150 to 300 feet.
WHAT TYPE OF DEVICES ARE MOST USEFUL FOR CHAMNWELIZING TRAFFIC?

Cones, vertical panels, drums, barricades, pavement markings, and
temporary concrete barriers may all be used to channelize traffic flows
through work zones. The device to use depends upon the type of pro-
ject, the length of time during which the work activity will take place,
and the volume and speed of traffic. For example, cones are easiest
to install and remove and, therefore, best suited for short term pro-
jects during daytime. Conversely, if the project will be of some dura-
tion, will require nighttime channelization, or is on a high volume
(or high speed) road, barricades or drums would provide more permanent
protection and would be more appropriate. As would be expected, chan-
nelizing devices for nighttime use should be reflectorized with warning
lights on each device. Barriers are generally used to channelize or

separate traffic on high speed roads such as freeways. More information
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concerning the design and application of these devices is contained in

Part V1 of the HUTCD.
WHAT TYPES OF WARNING LIGHTS ARE AVAILABLE AMD HOW SHOULD THEY BE USED?

. Warning lights are normally used to supplement and draw attention
to other warning or channelizing devices during the hours of darkness.

-Host of the warning lights in common use are portable, battery-
powerad, lens directed enclosed units and may be used on channelizing
devices and signs.

The principal types and uses of warning lights are:

1. Flashing lights, Type A, afe appropriate for use on a
channelizing device to warn of an isolated hazard at night.

2. High intensity flashing lights, Type B, are appropriate to
use on advance warning signs day and night.

3. Steady-burn lights, Type C, are appropriate for use on a
series of channelizing devices which either form the taper
to close a lane or shoulder or keep a section of lane or
shoulder closed, and are also appropriate on the channeliz-
ing device alongside of the work area at night. Flashing
lightsshould not be used in such applications.

Type A and Type C lights may have either one or two directional

faces.
WHAT LENGTH OF TAPER SHOULD BE SELECTED TO CHANMELIZE TRAFFIC FLOWS AROUND
A REDUCTION IN PAVEMENT WIDTH?

The single most important element of a traffic control plan in a
work zone is the taper used for channelization. The minimum desirable
taper length for construction and maintenance purposes should be com-
puted by the formula L = § x W, for all roadways having a posted speed

of 45 MPH or greater. The formula L = HSZIGO should be used for streets

having a posted speed of 40 MPH or less. Under these formulas, L equals
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the taper length in feet, y the widtn of offset in feet, and S the
posted speed or off-peak 35th percentile speed, Where the terrain

is hilly or sight distance is limited, some adjustments may be required
to provide sufficient visibility.

The following calculations illustrate the application of these

formulas.
Example 1
Posted Speed = 50 MPH
W= 12 feet
Taper = 50 x 12 = 690 Feet
Example 2
Posted Speed = 30 lMPH
W =11 Feet

Taper = 11 x 30 x 30/50 = 165 Feet

IS THERE A PROPER SEQUENCE FOR IHSTALLIHG OR REIGVING TRAFFIC CHAN-
HELIZING DEVICES AHD WARNMING SIGNS?

All traffic signs and channelizing devices should be installed so
that they will be seen by an approaching motorist, i.e., the sign
farthest from the work zone would be installed first. Where one
lane of a two-lane, two-way roadway is to be closed and all motorists
must use the other lane, the sign farthest from the work zone but on
the opposite side of the road (the lane open to traffic) would be placed
first. The remaining signs and devices along that side of the road-
way would then be placed in the order seen as one approaches the work
zone. The same procedure would then be repeated for the opposing traf-
fic lane.

When work is completed, the devices should be removed but in the
opposite order of installation by starting with the devices closest

to the work area and continuing away from the area. Use flashing arrow
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panels, high-level warning devices, flaggers, or flashing venicle lights
to protect the workers removing the devices.

WHAT IS THE BEST PROCEDURE FOR INFORMING A CONTRACTOR AS TO WHICH
DEVICES TO USE FOR TRAFFIC CONTROL AT A WORK ZONE?

The use of a traffic control plan (TCH is the best technique for
informing the contractor (or the project engineer) specifically which
devices to use. This TCP should provide for the safe and efficient
movement of traffic through the work zone in a manner conducive to the
safety of both motorists and workers. The TCP.should include, but not
be limited to, such items as signing; application and removal of pave-
ment markings; construction schedul ing; methods and devices for delinea-
tion and channelization; placement and maintenance of devices; road-
way lighting; traffic regulations; and surveillance and inspection.

IF FLAGGERS ARE EEDED, WHAT SIGHALING TECHNIQUES SHOULD THEY EHPLOY
IN DYIRECTING TRAFFIC?

Flaggers use Stop/Slow paddles to control traffic in work areas,

as is described in the Kansas Traffic Control Handbook for Flaggers.

Figure 27 shows how both the flag and the paddle are used, but the fol-
lowing technique using the paddle is much more positive and easily under-
stood by the motorist.

1. To Stop Traffic. The flagger shall face traffic and extend
the paddle in a vertical position so the full STOP face is
visible. For greater emphasis, the free arm may be raised
with the palm toward approaching traffic to indicate that
the vehicle is required to stop.

2, When it is Safe for Traffic to Proceed. The flagger shall
move to a safe position on the shoulder. He shall face
traffic and extend the paddle in a vertical position so the
full SLOW face is visible. He then waves traffic forward -
by moving his free arm across his body.
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3. Where It Is Desired to Alert or Slow Traffic. Where it is
dasired to alert or slow traffic the flagger shall stand in
a safe position on the shoulder. He shall face traffic and
extand the paddle in a vertical position so the full SL2U
face is visible. For added emphasis the free arm may be

extended horizontally away from the body and raised and
lowered.

To flag traffic at night the flagger's station should be adequately

illuminated.

FIGURE 27

USE OF HAND SIGHALING DEVICES BY FLAGGER

FLAG PADDLE

TO sSTOP
TRAFFIC

TRAFFIC
PROCEED

TO ALERT
AMD SLOW
TRAFFIC
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ARE THERE CERTAIN RULES OF SAFETY WHICH A FLAGGER SHOULD FOLLOW IH HIS
Jo3?

Flaggers are responsible for the safety of motorists and workers.
Because of the importance of this job, there are certain safety rules
which they should observe:

. Be alert.

. Always look towards traffic.

. Stand clear of other workers so thatthe flagger is always
clearly visible to motorists.

. Don't block or be blocked by signs.

. Avoid standing on the pavement. An exception to this rule

Is when the flagger must stand on the pavement to be seen

arocund vehicles already stopped by the flagger.

Jdon't stand inside of obstacles which could restrict the

flagger's ability to avoid an oncoming vehicle,

7. Wear appropriate clothing.

|
2
3
4
5

o
L]

WHAT TYPE OF RECORDS SHOULD BE KEPT OF THE SIGHS AND OTHER DEVICES USED
AT A WORK ZONE?

Good records are a key to minimizing an organization's legal lia-
bility in the event a traffic accident occurs at the work zone site.
A careful record of job-related activities will document the efforts
made to provide good traffic control at the work site. The record
system should reflect priorities and a planned safety program and may
include any of the following types of records:
. Traffic control plan.
. Hotes on the construction plans showing the placement of devices.
. Photographs at key project stages and for unusual situations.
. A daily diary.

. Inspection sheet or checklist showing the status of the devices
in place.

U B N -

HOW GFTEN SHOULD AN INSPECTION BE MADE OF TRAFFIC CONTROLS IM WORK ZOMES?

There are no set standards for frequency of inspection. At a minimum,
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however, these inspections should be of such frequency as to assure the
continuity and quality of the traffic control system. An inspection
each morning as work is commencing for the day may suffice. Other
guidel ines to use in establishing inspection intervals include:

1. Traffic volumes.

2. Frequency of observed deficiencies.

3. Frequency of accident experience.

4, Severity of hazards.
5. Size of project.

WHAT ARE THE MOST COMMON DEFICIENCIES TO BE WATCHFUL FOR DURING INSPEC-
TioNs? :

The type of deficiencies may vary depending upon whether it is a

daytime or nighttime inspection. Typical daytime deficiencies include:

Lack of a taper or insufficient taper length.
Channelizing devices out of place.
Inappropriate sign messages.

inadequate flagging protection.

Inadequate sign spacing.

V1B N e

The most commonly experienced nighttime deficiencies are:

Warning lights not working.

. Warning lights misaimed.
Reflectorization not sufficient.
Unmarked hazards.

N -
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CHAPTER 17

TRAFFIC SIGH IMVENTORY

The overall purpose of a traffic sign inventory is to allow local
governments to keep a current file on record of all signs in their
jurisdiction. Having such an inventory will help to maintain the local
sign system in the following ways:

1. 1t will establish a basis for the upgrading of traffic signs
through a planned program of modernization.

2. 1t will establish the location and condition of all signs
within the jurisdiction.

3. It will provide written evidence that inspection of signs
has been conducted with regularity. This will help to
protect against liability claims.

WHAT INFORHATION SHOULD BE INCLUDED IN A SIGN INVEHTORY?

Some information which should be included in a sign inventory in-

cludas a record of:

1. Type of sign and support system.

2. Size of sign.

3. Location of sign.

4., Time, date, and by whom the sign was installed or
inventoried.

5. Condition of sign and support

a) Is sign reflectorized?

b) Is sign peeling or faded?

¢) Has the sign been vandalized?

d) Is sign reasonably clean (i.e., can it be read)?

6. Date and by whom maintenance was performed may be marked
on the sign. Care should be taken to insure that all
records are updated whenever maintenance is performed
on a sign. -
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HOW SHOULD THE INVENTORY IMFORMATION BE RECORDED AND FILED?

After determining what types of information need to be incluced

in the sign inventory, a convenient way to record and file the informa-

tion must be provided. There are several different methods currently

in use:

Sign Inventory Card Systems - These systems allow the

user to group and arrange data into any form that is
desired, thus allowing sign information to be located
by type. These cards are easily filed in that there

is no order necessary for storing the cards. These
sign inventory card systems are inexpensive, simple,
and adaptable to all levels of roads, and are available
from commercial sources.*

Location - ldentification Map -~ This system utilizes

color coded pins to represent different type signs.
A large size map of the jurisdiction, or sections of
the jurisdiction, can be used. Appropriate pins are
then placed on the map at the sign locations, with
each pin having a slip of paper attached to it iden-
tifying the sign, its exact location, and the last
date of maintenance and inspection.

HOW CAN THE CITY BENEFIT BY USING A SIGH INVENTORY SYSTEM?

With the initiation of a sign inventory system, the city can likely

reduce the number of liability claims resulting from traffic accidents.

Many times these accidents are caused by signs that have been stolen,

vandal ized, or are well past their expected life and in need of replace-

mnto

By using a sign inventory system most of these problem areas can

be spotted and proper action can be taken to upgrade the signing.

A traffic sign inventory also can help the engineer evaluate other

areas of concern and interest. For example, as vandalism rates increase

all around, these increased rates can be seen in the sign system also.

* The 3M Corporation and icBee Systems are two companies that have such
a system
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‘By analyzing sign inventories, costs of replacing signs that have been
vandal ized can be estimated. Also, other signing costs coula be es-
timated in a similar fashion. By making these estimations the engineer
will be able to make a more precise budget for the signing system in

the city.
WHAT TYPE OF SYSTEM IS RECOMMENDED?

The Sign Inventory Card System seems to be the best choice of the
systems discussed. This system is relatively inexpensive in several
respects. First of all, the cards alone are inexpensive when purchased
in large quantities, and secondly, highly skilled personnel are not re-
quired to operate the system.

The inventory card system has advantages over the Location-ldenti-
fication map because of the fact that signs can be located by type,
condition, visibility, color, mounting type and condition, and many
other items. (See Figure 23) For example, if all signs in their tenth
year of life are genera119 going to need replacement, all signs in
their tenth year of life can be located very quickly; or, if one wants
to know how many stop signs are in the city and their locations, this
can be done very quickly with the inventory card system. The speed of
determining various types of sign informatioﬁ is the major advantage

that the inventory card system has over other inventory methods.
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FIGURE 28

TRAFFIC SiGH INVENTORY CARD
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WHAT PREPARATION IS NECESSARY PRIOR TO CONDUCTIMG A SIGN [NVENTORY?

Before a sign inventory can be made, care must be taken to organize

and plan all aspects. The following guidelines should be followed:

A. Divide the geographical area of interest into, say 10 control
sections and number them 1-10. (A control section is a small
area within which a sign inventory is performed. The number
will vary according to the size of the city.

B. Plot the 10 control sections on a reproducible mylar master map.

C. Be sure that road names are on the reproducible mylar master
map. As an added option, the following things should be done:
1. Produce one map of each control section for field data

collection purposes. Sign inventory crews should then color
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the road segments, as the sign survey is completed, with
a red or yellow marker to avoid duplication and to aid
in planning the work effort.

2. One copy of the complete master map should be reproduced
for office purposes and should be mounted on a wall near
the card storage area to aid in cataloging and for re-
ference.

D. Develop a sign code list for each of the survey teams. Use
state sign codes, or the 3M Traffic Control Haterials (1)
catalog as a basis for developing the list. Unigque numbers
should be assigned for each sign type, including special signs
and pavement markings.

E. To aid survey teams in identifying sign age, samples from exist-
ing signs should be made. Small samples (i.e. 1" x 3'') for each
color and material type should be produced. These samples should
then be rated as either ‘''good', '‘average'’ or ''bad'’, and have
their age marked on the backside.

F. Train all applicable employees. This includes not only the sur-
vey teams, but other employees who may aid in the survey during
their regular routine. Some possibilities include:

1. City road crews 3. Water meter readers

2. Law enforcement officers 4, Electric meter readers

(1) Traffic Control Materials/3M, 223-3H 3M Center, St. Paul, MN 55101
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WHAT ARE THE FIELD DATA COLLECTION STEPS TO TAKE?

Parsonnel and equipment consist of the following:

1. ldeally, two employees, one serving as a driver and the
other as a recorder.

2. Sufficient quantity of inventory cards for a day's work.
(One card for each sign).

3. Set of instructions and sign code.

4, Clipboard, section map, pencils, and a measuring device
(measuring wheel or tape).

5. Sample of a completad card.

€. Samples of reflective sign material.

HOW 1S THE FILING DONE?

A.

Coding - The holes around the margin on the system cards are
known as Code Positions, Code Fields, or Code Sections.

(See Figure 29) A Code Position is a single hole assigned to

a number, letter or word. A Code Field contains one or more
code positions relating to a single subject or classification.
A Code Section contains one or more fields relating to the same
subject.

Hotching - Code positions on the cards are notched individually.
This is done by punch cutting a V-shaped notch for coding with
a special tool. These notches provide the means by which the
cards can later be separated by the use of a card sorter. This

is usually done in the office after the field study.
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FIGURE 29
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C. Sorting = The sorting of the system cards is achieved
through the use of a sorting needle which is a steel needle
set in a plastic handle. When properly used, a new operator
can quickly attain a high degree of sorting efficiency by
following certain basic principles and techniques. By using
the system sorting method, efficiency can be up to 10 tires

as great as compared to the usual index filing.

HOW CAH THE INVENTORY BE UPDATED?

After the initial inventory of signs, updating of the inventory willr
be required. The frequency of updating will depend upon various factors
such as employee availability and funding. To aid in the updating process,
certain city employees should be trained to watch for and report problems
noted during their normal routine. Possible employees that could be
utilized in a system like this include the following:

1. City road crews could perform inventory on slow work days,
and also in going to and from job sites.

2. Law enforcement officers.

Pre-inventory organization section is based upon 3M's '"Guidelines for
Developing a Multi-Purpose Hanual Traffic Sign Inventory System.'
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CHAPTER 18

TRAFFIC ORDIHANCES

MYunicipalities have the authority to adopt ordinances for control
of traffic on their street systems. Ordinances may not, of course,
conflict with State regulations, such as driving on the right side of
a two-way roadway, and they must be within the scope of those matters
specifically authorized by 