Part 1l
SIGNALS
A—INTRODUCTION

Section 3A-1  Definitions

Highway traffic signals include all power-operated traffic con-
trol devices, except flashers, signs, and markings, by which traf-
fie is warned or is directed to take some specific action. A glos-
sary of traflic signal terms will be found in appendix A.

3A-2 Value of Signals

The traffic signal is a valuable device for the control and safe
facilitation of vehicle and pedestrian traffic. Because of its pre-
determined or traflic-induced assignment of right-of-way to the
various movements necessary at intersections and at other street
and highway locations, the traffic =zignal exerts a profound in-
fluence on traffic flow. In most cases a signal installation will
operate quite definitely to either the advantage or disadvantage of
the wvehicles and personz controlled, Consequently it iz of the
utmost importance that the selection and use of such an important
control device be preceded by thorough study of roadway and
traffic conditions by an experienced engineer. Equally urgent is
the need for checking the efficiency of a traffic signal once in op-
eration to ascertain the degree to which the type of installation
and the timing program meet the requirements of traffic, and to
permit intelligent operating adjustments to be made in the econ-
trols. Checkbacks are of value not only to the particular installa-
tion concerned but in the selection of proper equipment and oper-
ating plans for future installations as well.

Highway traffic signals, properly located and operated, usually
have one or more of the following advantages:

1. They provide for orderly movement of traffic. Where
proper physical layouts and control measures are used they can
inerease the traffic-handling capacity of the intersection.

2. They reduce the frequency of certain types of accidents,

3. Under conditions of favorable spacing, they can be coordi-
nated to provide for continuous or nearly continuous movement
of traffic at a definite speed along a given route.

4, They can be used to interrupt heavy traffic at intervals to
permit other traffic, pedestrian or vehicular, to cross.
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H.. They represent a consideraile economy, as compared with
manual control, at intersections where the need for some definite
means of assigning right-of-way first to one movement and then
to another is indicated by the volumes of vehicular and pedestrian
traffic, or by the occurrence of accidents,

There is a belief among many laymen and some engineers that
traffic signals are the answer to all traffic problems at intersec-
tions. This has led to their installation at a large number of lo-
cations where no legitimate factual warrant exists. The erron-
epns attitudes that sometimes lead to unjustified installations of
traffic control signals should be resisted.

To fill emergency needs there has been some use of portable
types of traffic eontrol signals. These devices have limited value
and are difficult to standardize, particularly as to application and
location. Drivers become accustomed to the presence or absence
af standard traffic signal eontrols, and the introduaction of a port-
able signal, even for a temporary period, may create hazard,
The portable traffic signal is therefore not rvecognized in this
Manual as a standard traffic control device,

Many standard traffic signal installations, even though war-
ranted by traffic and roadway conditions, have been ill-designed,
ineffectively placed, improperly operated, or poorly maintained,
The typical consequences are excessive delay, disobedience to sig-
nal indications, use of less adequate alternate routes to avoid
signals, and, often, increased accident frequency. Similar dif-
ficulties are found when signals are installed under conditions that
do not satisfy the minimum warrants set forth in this Manual.

A careful analysis of capacity characteristics and other condi-
tions at a large number of traffic signal installations, coupled with
the judgment of engineers with long experience in the signal field,
has provided a series of minimum warrants that define the condi-
tions under which traffic signal installations may be justified.
These warrants are presented in this Manual for several traffic
signal classifications (secs. 3D-3 to 9; 3E-3, 4; 3F-2; 3G-3, 11,
16; 3H-3).

Separate warrants are given for rural and urban conditions in
recognition of differences in the nature and environment of traf-
fic in these two general classes. Drivers in rural areas are con-
ditioned to relatively light traffic, and rural intersectionz with
only moderately heavy traffic volumes have greater potentials in
terms of congestion and hazard than do similar intersections
within a city area where heavier volumes predominate.

JA-3  Stndardization

Because of the increasing range of traffic circulation, it is of
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primary importance that there be national standardization of
those features of traffic signals that affect public participation in
traffic movement. Design, application, location, and operation
lend themselves to a certain degree of standardization, and stand-
ards for such features are presented herein.

A driver or pedestrian must first see signals and then react to
their indications. Loecation and sequence of operation are basic
requirements. Signals should be placed where a driver (or pe-
destrian) cannot miss seeing them., Standard signal indications
‘ and sequences should be used universally so that a signal message
can be recognized and heeded at a glance.

3A—1  Legal Authority

Traffic control signals should be installed and operated on public
highways only by legally delegated or constituted public authority.
The erection of signs or other devices that hide from view or in-
terfere with the effectiveness of any traffic signal should be pro-
hibited. It is imperative that traffic signal indications be strictly
observed and enforced. Suitable legislative models covering these
points are presented in the Uniform Vehicle Code (sees. 11-201 to
206) and in the Model Traffic Ordinance (secs. 4-1 to 8). The
Code and the Ordinance direct the State highway ecommission
and the city traffic engineer, or similar public officials or bodies,
to place and maintain a uniform system of traffic control devices
correlated with and, so far as possible, conforming to the system
currently approved by the American Association of State High-
way Officials. When this broad control is properly exercised, the
full value of standardization in traffic signal design and installa-
tion can be realized.

JA=3 Classification

In the classification of traffic signals that follows, the distine-
tion is made on the basis of operating function and not the traffic
signal unit itself. It is common practice to use the term “signal”
to describe the complete installation, and that practice will be
followed in this manual.

Highway traflic signals are thus classified herein as follows:

1. Traffic control signals (Stop-and-Go) :
{a) Pretimed signals (gecs. 3D=1 to 25).
{b) Traflic-actuated signals (secs. 3E-1 to 29):
(1) Full traffic-actuated signals.
{2) Semi-traffic-actuated signals.
(3) Traffic-adjusted signals.
2. Pedestrian signals (secs. 3F-1 to 7).
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3. Special .raffic signals:
(a) Flashing beacons (secs. 3G-2 to T).
(b) Lane-direction-control signals (secs. 3G-8 to 14).
(¢} Traffic signals at drawbridges (secs. 3G-15 to 19).
4. Train-approach signals and gates (secs. 3H-1 to 10).

B—FEATURES COMMON TO PRETIMED AMD TRAFFIC-ACTUATED SIGMNALS

Section 3B—1 General Aspects of Signals

The features of traffic control signals in which vehicle opera-
tors and pedestrians are interested, namely, the location, design,
indications, and legal significance of the signals themselves, are
identical in pretimed and traffic-actuated signals, the difference
between the two being in the mechanizmsz by which they are op-
erated. Standardization in those design factors that affect the
traffic to be controlled is especially important. The sections im-
mediately following contain all standards and requirements of
this nature that are equally applicable to the types of signals
named. Standards applicable to but one type, including design
features and methods of operation, are presented in subszeguent
subdivisions.

3B-2 Design for Future Needs

Traffic control equipment should always be purchased with the
future in mind. Flexibility that may not be considered immedi-
ately neceszary will often be found deszirable and economical
within the life of the eguipment.

Equipment that will give long effective life will almost always
prove an economy even if the first cost is moderately higher than
that of equipment of inferior guality.

3B-3 Number of Lenses per Signal Face

Each vehicular signal face shall have at least three lenses—red,
vellow, and green—except where a green arrow lens is used alone
to indicate continuous movement, or where signals are used as
described in section 3B-22. It may have additional indications
as listed herein.

The yellow indication serves the following important traffie
control functions that cannot satisfactorily be served by a signal
face having only red and green indications:

1. It acts as a transitional indication at the end of the green
interval and warns approaching traffic of a pending change in
the signal indication.

2. It acts as a clearance interval for traffic within an intersec-
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tion or other signalized area as well as for those vehicles ap-
proaching so closely that to stop would be hazardous.

3. Flashing yellow is important as a caution signal when the
signal is not being operated as a stop-and-go device,

In no case, however, should a traffic signal flash yellow for all
traffic entering the intersection. Flashing operation should indi-
cate yellow for the major street and red for all other legs of the
intersection, or flashing red for all directions.

Green arrow indications shall be shown sl intersections where
signals for individual wrning movements are provided. These
include: (1} Straight-through arrow; (2) left-turn arrow:
and (3) right-turn arrow.

Signals for the control of pedestrians may also be required (sec.
3F-2).

3B—=1 Color and Position of Lenses

Lenses in a traffic signal face should preferably be arranged in
a vertical line.  The red shall be at the top, the vellow immediately
below, and the green at the hottom.  Where a horizontal mount-
ing is used, the red shall be at the left, the yellow next, and the
green al the right.

Green arrow lenses should normally be located as near as prac-
ticable to the movements they control, but when more than one ar-
row is placed in the saame vertical line, the straight-through arrow
shall be helow the cireular green, if any, the lefi-turn arrow next,
and the right-turn arrow at the bottom.  With a horizontal mount-
ing the left-turn arrow shall be to the immediate right of the yel-
low, the cireular green, if used, shall he next, followed by the
straight-through and right-turn arrows, respectively.

Arrows as enumerated above may be placed at angles other
than horizental or wvertical to indicate movement into streets
which leave the intersection at various angles (sec. 3B-6).

Signals for control of pedestrians shall be adjustable separately
from vehicular signal indications and assembled as specified in
section 3F=6, and shall be rectangular in shape as specified in sec-
tion 3F—4. The top indication shall he DONT WALK and the
bottom indieation shall he WALK.

The colors red, yellow, and green shall conform to the latest
slandards for adjustable-face traffic control signal heads of the
Institute of Traffic Enginecrs (approved as an American Standared
by the American Standards Association), in Institute of Traffic
Engineers Technical Report No. 1."

Wi Adjustable Faece Trafle Control Sigral Mead Standrrds, Technical RHeport H'n 1. Heviaed
1068, Institute of Traffie Englneers, 2020 K Steeet, N.W., Washington & D.C
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3B-5 Meaning and Application of Color and Arrow Indications

Color and arrow indieations in traffic control signals should
have the meaning ascribed to them in the Uniform Vehicle Code
and no other meanings., In no case, however, should a driver be
permitted to enter or proceed through an intersection without
due regard for the safety of other persons within the intersection
regardless of signal indications.

Satisfactory results from traffic signal operation require a uni-
form understanding of their color indications. Those herein set
forth are in general accord with the Uniform Vehicle Code (secs,
11-202 to 204). Combinations of signal colors (green with yel-
low, yellow with red, or green with red) shall not be displayed
simultaneously except where green turn arrows are shown lo-
gether with steady yellow or steady red under those conditions de-
seribed helow.

This section applies primarily to traffic control signals at inter-
sections, but appropriate interpretation iz to be made for use of
signals elsewhere,

The intended meanings of the signal indications are as fol-
lows:

Circular green (alone) :

1. Vehicular traffic facing the signal may proceed straight
through or turn right or left unless a sign, reflectorized or
preferably illuminated, at such place prohibits either such turn.
However, vehicular traffic, ineluding wvehicles turning right or
left, shall yield the right-of-way to other wehicles and to
pedestrians lawfully within the intersection or an adjacent cross-
walk at the time such signal is exhibited.

2. Pedestrians facing such signal may proceed across the road-
way within any marked or unmarked erosswalk unless directed
otherwise by a pedestrian signal.

Steady yellow:

1. Vehicular traffic facing the signal is thereby warned that
the red indication will be exhibited immediately thereafter, or
that the related green movement is being terminated.

2. Unless otherwize directed by a pedestrian signal, pedestrians
facing such signal are thereby advised that there is insufficient
time to eross the roadway.

The yellow signal shall not be shown simultaneously with the
green or red indication except in the case of an arrow indication
which is to allow a particular movement to continue when others
in that direction are heing stopped.

The yellow lens is required in standard signal apparatus for
the reasons indicated in section 3B=3. Confusion has frequently
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arisen from the misuse of this lens. When the length of the
yellow vehicle-clearance interval is correct, and the standard
meaning above described is generally observed, necessary fune-
tions of warning and clearing the intersection are performed by
this interval,

The configuration or dimensions of an intersection, or some
physical condition such as high approach speeds, steep hills, or
heavy truck traffic, may require a longer than normal clearance
interval. In such cases the standard length of the steady yellow
interval should be used in the first part of the clearance interval,
followed by all-red indications during the second part of the
clearance interval.

Mo cireular green or green arvow indication or flashing yellow
“eaution™ indication shall be terminatzd and immediately followed
by a steady red or flashing red indication without the display of
the steady yellow clearance interval; however, transition may be
made directly from cireular green or green arrvow indieation to
flashing yellow indication. The steally yellow indication shall not
be used in any transition from stealdy red or flashing red indica-
tion to circular green, green arvow, or flashing vellow indication.

Steady red (alone):

1. Vehicular traffic facing the signal shall stop before entering
the crosswalk on the near side of the intersection or, if none, then
before entering the intersection, and shall remain standing until
the green indication is shown.

2. No pedestrian facing such signal shall enter the roadway
unless he can do so safely and without interfering with any
vehicular traffic, or unless a separate wALK indication is shown,
Green straight-through arvrow (alone) :

1. Vehicular traffic facing the signal may proceed straight
through, but shall not turn right or left. Such vehicular traffic
shall yield the right-of-way to other vehicles and to pedestrians
legally within the intersection at the time such signal is exhibited.

2. Pedestrians facing the signal may proceed across the road-
way within the appropriate marked or unmarked crosswalk
unless directed otherwise by a pedestrian signal.

Green turn arvow (alone or with cirewlar green, with steady yel-
low, with steady red, or with green straight-through arrow) :

1. Vehicular traffic facing the signal shall comply with the
meaning of the circular green, steady yellow, steady red, or green
straight-through arrow indication as if it were shown alone,
except that such vehicular traffic may cautiously enter the inter-
section to make the movement indicated by the green turn arrow.
Vehicular traffic shall yield the right-of-way to pedestrians law-
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fully within a crosswalk and to other traffle lawfully using the
intersection,

2, Pedestrians facing such signal shall comply with the mean.
ing of the circular green, steady yellow, steady red, or straight.
through arrow indication as if it were shown alone, unless
directed otherwise by a pedestrian indication.

Permitting vehicle operators to make right or left turns during
the showing of the red signal without a modifying arrow or sign
is not recommended. If turn arrows are shown when through
movement is stopped, they should always be illuminated in con-
junction with the red signal they modify. Shown alone (except
at T intersections where through movement is impossible or over
a separate turning lane where continuous movement can be ac-
commodated), they ereate doubt as to whether further movementa
are forbidden during the indicated interval. Furthermore, driv-
ers approaching an arrow indication may mistake it for the
circular green indication,

The utility of arrow indications depends considerably upon
there being a lane available for the movement indicated. Such
lanes should be clearly marked at all times.

A cireular green indication shall he given only when it is in.
tended 1o permit traffie in each lane approaching the signal to pro.
ceed in any direction which is lawful and practical for traflic in
those lanes, This iz not intended to prevent prohibition of turns,
at all times or during certain periods of the day, by the erection
of signs. When it is intended to permit traffic on a eertain lane (o
make a ecertain turn or turns and prohibit it from proceeding
straight through, the regular cireular ved lens facing that traffic
shall be illuminated together with a green arrow for each permitted
turn.  Whenever it is intended to permit traffic on a certain thor-
oughfare or in a certain lane to proceed straight through and
prohibit it from making a certain turn or lurns, a green arrow
for each permitted movement shall he illuminated, and the red lens
facing that traffiec shall not be illaminated.

Except as noied below, each green arrow indication shall be fol-
lowed by a steady yellow clearanee interval to allow the traffie
controllzd by the arrow 1o clear the intersection. The yellow in-
dieation should be shown following the circular green indication,
but should not be displayed in any signal face following a green
turn arrow if the related turning movement is permitted to con-
tinue by a following or continuing display of a ecircular green
indieation in the same signal face.

In those cases where a turning movement is to be cut off while
the straight-through movement continues, a separate signal face
shall he provided to control the turning movement (fig. 3—3). 0
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ghall be equipped with circular red and yellow lenses and a green
jurn arrow lens.  When the turn is to be cut off, a yellow clearance
interval shall be shown, followed by a steady red indication.
The purpose of such a signal face should be made clear by its
location and by a sign located close to the signal and having an
appropriate message, such as LEFT TURN SIGNAL or RIGHT TURM
SIGNAL.

Flashing ved (Stop signal) :

When a red lens is illuminated by intermittent flashes (50-60
per minute), drivers of vehicles shall stop before entering the
nearest crosswallk at an intersection or at a Stop line when
marked, and the right to proceed shall be subject to the rules
applicable after making a stop at a Stop sign. Stop signs should
not be used at signalized intersections even though the traffic
signals may be on flashing red for part of the day or at irregular
intervals.

Flashing yellow (eaution signal):

When a yellow lens is illuminated with intermittent flashes
(50-60 per minute), drivers of vehicles may proceed through the
intersection or past such signal with more than ordinary caution.

Steady yellow shall not be used as a caution signal,

3B=6  Vehicular Signal Lenses

The optical unit of a signal consists of a lens, reflector, lamp
and lamp socket. The lens is that part of the unit which re-
directs to the desired area the light from the lamp and its reflec-
tor.

All vehicular signal lenses shall be eireular in shape, except that
green arrow lenses may he rectangular. There shall he two ap-
proved sizes for circular lenses, 8 inches and 12 inches nominal
diameter (fig. 3=1).

The 8-inch nominal diameter lens shall have a visible diameter
of not less than 734 inches and an overall diameter of not less
than 834 inches. In the past, this has been the only standard
size and is therefore the one in most common use,

The 12-inch nominal diameter lens shall have a visible diameter
of not less than 1114 inches and an overall diameter of not less
than 12.1/32 inches. Experience with this size of lens has been
relatively limited, but is sufficiently successful to justify its ae-
ceptance, at least for locations where greater signal consplcuous-
ness is needed. The 12-inch red lens is often used with the smaller
size yellow and green lenses to give special emphasis to the most
restrictive indication. However, all three lenses may be the
larger size. The 12-inch lens provides an important inerease in
the target value of the signal at locations where signal indications
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tend to be overlooked. Among the situations where 12-inch
lenses have been applied arve:

1. Rural intersections or those with high approach speeds.

2. Isolated intersections or those where signalization might be
unexpected, such as the first signal beyond a freeway exit,

3. Special problem loeations such as those with conflicting or
competing background lighting.

4, Intersections where drivers view both traffic control and
lane-direction-control signals simultaneously,

Figure 3—1. Typical signal feotwres: Lett, overhood spon-wire mowunted signol
with stondord 8-inch lenses, shicldzd by visors; center, post-mounted signal
with a 12-inch red lens, shiclded by visors and backplote; right, signal lenses
shieldod by visors with louvers,

For use in directing vehienlor wraflie, green arrows shall point
out the approximate direction in which movement is permitted.
The arvow shail be pomted vertically upward to indicate a straight-
through movement, in a hormzontal direction to indicate an approxi-
mate vight-angle turn, and obliquely on an upward slope approxi-
mately equal to the angle of the turn when it is substantially dif-
ferent from o righn angle.

It is essential that approaching drivers be able to recognize
the green arrow shape at a distance of at least 200 feet from the
aipnal,

Each arrow lens shall show only one arrow direction. Double-
headed arrows are not acceptable. The arrow shall be the only
illumimated part of the lens. It shall be reproduced on the lens
in conformance with the appropriate dimensions and shape for
cither the 8-inch or 1Zdnch lens as shown in figure 3-2.  All
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lenses shall conform te the latest standards for traffic control sig-
nal heads of the Institute of Traffic Engineers.!?

3{ +0"

I.E'_slz'

Figure 3—2. Standard arrows for signal lenses (Institute of Traffic Engineers).

3B=7 Lettering on Lenses

Lettering shall in no case be used on the visible part of vehicular
signal lenses. The practice of embossing words such as Go and
sToP on vehicular signal lenses reduces their effectiveness and is
no longer prescribed in the standards for tmfﬁc control signal
heads.

3B=8 Illumination of Lens

Each lens shall be illuminated independently. This is essential
to permit uniform position of lenses, to give satisfactory bril-
liance, and to provide the necessary flexibility in signal indica-
tions. Candlepower charts showing the required distribution of
light from each vehicular signal optical unit, and standards for
lamp performance, are included in the Institute of Traffic En-
gineers Technical Report No. 1, cited above in section 3B-6.

3B-9 Visibility and Shielding of Lens

When a vehicular traffic signal lens is illuminated and the view
of such an indication is not otherwise physically obstructed, it shall
be clearly visible to drivers it controls at distances up to 1,000
feet under all atmospheric conditions except dense fog.

Each signal face shall be so adjusted that its beams will be of

12 Adjustable Face Traffic Control Signal Head Standards, Technical Report Nu 1. Revised
1958, Institute of Traffic Engineers, 20280 K Street, N.W., Washington 6, D.C
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maximum effectiveness to the approaching iraffic for which it is
intended. Visors, louvers and back-plates often improve a sip.
nal's effectiveness (fig. 3-1).

In general, vehicular signals should be so almed as to have the
maximum effectiveness for approaching drivers at a distanee
from the Stop line equal to the average distance they would travel
while reacting to the Stop indication and stopping their vehicles
from a normal operating speed. The influence of curves, grades,
and obstructions should be considered in the directing and loca-
tion of signals.

Irregular street design frequently necessitates placing signals
for different street approaches so that there is a comparatively
small angle between their beams. 1In these cases, each signal face
shall, to the extent practicable, be so shielded by visors or louvers
that an approaching driver can see only the indication intended for
him to obey.

The foregoing does not preclude special aiming of certain lenses
so that the driver does not see their indications within the stated
ranges of distance if other indications must first be observed
and simultaneous viewing of both signal indications could ecause
the driver to be misdirected.

JB=10 Auxiliary Signs

When auxiliary signs are needed, they shall be reflectorized or
preferably illuminated and shall be attached in a suitable position
adjacent to the signal assembly (fig. 3-3). Signal heads and
auxiliary signs shall be mounted so that the minimum clearances
of the total assembly will conform to the provisions of section
3B-13.

Where used in econjunction with traffic signals, illuminated
gigns should be designed and mounted in such manner as to avoid
undesirable glare and reflections in any combination of the signal
and sign assemblies, The traffic control signal must be given
dominant position and brightness to assure its target priority in
the overall display.

3B-11 Types of Mounting for Signal Heads

Types of signal-head mountings include the following:
1. Alongside the roadway:
(a) Posts 8 to 15 feet high.
(b) Short brackets attached to poles (at same heights).
2. Over or in the roadway:
(a) Long brackets or mast arms extending from poles off
the roadway.
(b) Cable suspension.
(c) Posts or pedestals on islands.
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Mounting fixtures shall be so designed that horizontal and ver-
tical adjustments are possible through a reasonable angle.

3B-12 Number of Signal Faces

There shall be a minimum of two vehieular signal faces visible
to traffic on each approach to a signalized intersection. These
ghall be supplemented by pedestrian signals, where warranted,
located at each end of each controlled crosswallk (see. 3F<2),

Two (or more) properly located faces will in almost all cases
provide drivers with a signal indieation even though trucks or
buses may momentarily obscure one gignal face. Multiple faces
provide a safety factor where the signals must compete with a
brilliant background such as advertising signs or the sun. The
gecasional inevitable lamp failure in one face will not leave an
approach without any signal indication.

The number of signal faces in excess of two per approach will
be dictated by local conditions such as number of vehicnlar lanes,
the need for special turn indications, and the configuration of
the intersection and channelizing islands,

3B-13 Location of Signal Faces

The location of signal faces for each direction of approaching
traffie shall be as follows:

1. Where all signal faces are post- or pedestal-mounted there
shall be at least two on the far side of the intersection.

2. Where there is only one post- or pedestal-mounted signal
face, it shall be on the far side, and there shall also be a mast-arm
or apan-wire mounted signal face for that approach.

3. Where visibility or other conditions require more than one
span-wire or mast-arm signal, at least one of the overhead signal
faces shall be in line with the approach it controls.

Signal faces shall be located so as to give drivers and pedestrians
a clear and unmistakable indication of the right-of-way assignment
from their normal positions on the approaches and as they enter
or pass through the intersection area., Where pedestrian signals
are installed they should conform to the location standards pre-
seribed in section 3F—6. Where separate pedestrian signals are
not installed, the vehicular traffic control signals should be located
g0 as to assist pedestrians in determining when it is safe to cross.

Overhead signals are desirable at locations where signals at
the =ide of the roadway are likely to be overlooked, as at isolated
rural intersections, or where high-speed routes enter built-up
areas, or where advertising signs and other distracting lights
interfere with visibility of signals mounted along the roadway.
Overhead zignals have little value for pedestrian traffic, and post-
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Figure 3-3. Typical traffic signal installations: Top, post or pedestal mounted.
Center, span-wire mounted. Bottom, mast-arm mounted; note separate left
turn signal and sign, and 12-inch arrow lens.
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mounted signals are commonly used to supplement overhead in-
gtallations where pedestrian control is important.

Where signals arve suspended over the roadway, at least one
face of the overhead installation facing each direction of travel
should be located so that it will be clearly visible from where
vehicles are brought to a stop.

Signals on posts or pedestals located within the roadway should
pe on properly designed islands and protected by signs and by
pight illumination.

Figure 3-3 illustrates typical practice for traffic sipnal mount-
ing.

Where physical conditions prevent a vehicle driver from having
a conlinuous view of al least one signal indication for approxi-
mately 10 seconds before veaching the stop line, an auxiliary signal
ghall be used to provide this visibility., If physical conditions
malie this impossible, a flashing yellow beacon (sec. 3G=5) or
Signal Ahead sign (sec. 1C-16) shall be erected in a suitable posi-
tion to warn approaching traffic. A flashing yellow beacon utilized
in this manner may be interconnected with the intersection signal
controller in such manner as to flash vellow during the period
when drivers passing this beacon, at the legal speed for the road-
way, will encounter a red signal upon arrival at the intersection.

3B-14 Height of Vehicular Signal Faces

The bottom of the housing of a post-mounted signal face shall
not be less than 8 feet or more than 15 feet above the sidewall,
or, if none, above the pavement grade of the eenter of the high-
Wiy,

The bottom of the housing of signal faces suspended over
roadways shall not be less than 15 feet or more than 17 feet above
the pavement grade of the center of the roadway.

Maximum wisibility and adequate clearance should be the
guiding consideration in deciding signal height. Grades on ap-
proaching streets may be important factors, however, in deter-
mining the most appropriate height.

3B-15 'Transverse Location of Signal Faces

Signal faces mounted at the side of a street with curbs or
an established eurh line shall be loeated as near as practicable
to that curb line, normally with a 2-foot clearance. 1In the case of
nearside locations, they should also be located as near as practic-
able to the Stop line, or to where the Stop line would normally be,
For the protection of the eguipment from damapge by passing
vehicles, it is not desirable that any part of the signal head extend
within 2 feet of the curb line. A signal or its support should not
obstruct the crosswalk,
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Where there is no eurh, a signal face mounted at the roadside
shall be not more than 10 feet off the edge of pavement or traveled
surface, provided that it does not obstruct free use of the shoulder,

A signal face mounted on a span wire or mast arm provides a
prominent indication and should be located as near as practicable
to the line of the driver's normal view. An auxiliary signal face,
either overhead or at the side, should be positioned transversely
to give an effective dual indication and to fit the needs at the
intersection, Where a signal face contrels a specific lane or
lanes of the approach, its transverse position should be unmistak-
ably in line with the path of that movement.

3B=16 Limit of Signal-Controlled Area

A signal shall control traflic only at the intersection where the
installation is located,

Depending on signals at a few intersections to control traffic
at intermediate nonsignalized intersections is uncertain and
hazgardous. Under such eonditions, drivers on cross streets at
nonsignalized intersections must often enter the crosswalk to see
a signal indication on the main street, Strangers are likely to
enter nonsignalized intersections unknowingly, which is obviously
hazardous.

3B-17 Removal of Confusing Advertising Lights

The Uniform Vehiele Code (See. 11-205) prohibits the display
of any unauthorized sign, signal, marking, or device which inter-
feres with the effectiveness of any official traflic control device.
The enactment of this provision is particularly important. If
enforced it will, among other things, reduce the serious confusion
caused by lights similar to traffic control sipnals in color and
location. The steps necessary to eliminate this sort of hazard
are warranted.

3B-18 Roadway Widening to Improve Signalization

Widening of both the main highway and the intersecting road-
way may be warranted to reduce the delays caused by assignment
of right-of-way at intersections controlled by traffic signals.
Widening of the intersecting roadway is often beneficial to opera-
tion on the main highway because it reduces the signal time that
must be assigned to side-street traffic. In urban areas the effect
of widening ean be achieved by elimination of parking at intersec-
tional approaches,

Additional width may be necessary on the leaving side of the
intersection as well as the approach side in order to clear traffic
through the intersection effectively.
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aB-1%  Provision for Fulure Installation

When future traffic needs, or physical changes in intersection
design, can be foreseen, provision for these should be made in
planning for signalization to minimize material and labor costs.
This is illustrated by the following examples:

If future land development is likely to ereate justification for
a pedestrian signal, the controller should be equipped with extra
eircuits to provide for future pedestrian intervals.

If a street is to be widened or an intersection is to be recon-
gtructed in the predictable future, either a temporary signal
installation or an installation to conform to the proposed final
layout should be considered.

If future interconnection or vehicular turning intervals can be
predicted, provisions for these should be incorporated in the
controller.

3B-20 Signal Cable

The reliable and economical operation of a signal system is as
dependent upon its cables or other means of interconnection as
upon the other signal equipment. The International Municipal
Signal Association Specifications for Wire and Cable are recom-
mended as a guide for procurement of signal eable!?

3B-21 Efficiency and Continuity of Operation

The full utility of traffic signals is realized only when they are
operated in accordance with actual traffic requirements. Incon-
venience, disobedience, and hazard follow unnecessary, arbitrary,
or inaccurate operation. The operating standards contained in
this Manual provide for a reasonable efficiency in the operation
of signals at warranted locations.

It is desirable that a person approaching a traffic signal should
presume it is functioning unless he is given a conspicuous and
specific indication to the contrary. Hence it is required that all
signals in use be “live.”” When not operating as a stop-and-go
device, the zignal should be operated as a flashing deviee (secs.
3D-3, 3B-27).

Prior to placing signals in service and during seasonal shut-
downs, when it is not desirable to operate the signals, they should
be hooded, turned, or taken down so persons will be under no mis-
apprehension that a lamp may be burned out.

3B-22 Unexpected Conflicts During Green Interval

No movement that may involve an unexpected crossing of

'8 Bpecifications for Alunicipal Communication Control, Sigwal and Power Cobles, Inter-
nations] Munleipal Signal Association, 130 West 42d Street, New York 236, MY,
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pathways of moving traffic should be permitted during any green
interval, except under unusual conditions when:

1. The movement involves only slight hazard;

2. Serious traffie delays are materially reduced by permitting
the conflicting movement ; and

3. Drivers and pedestrians subjected to the unexpected conflict
are effectively warned thereof.

When such conditions of possible unexpected confliet exist,
warning may be given by a sign or, under certain conditions, by
the use of a flashing yellow or red signal instead of a green signal.
The foregoing applies to vehicle-pedestrian conflicts as well as to
vehicle-vehiele confliets.

3B-23 Vehicle-Clearance Interval

A vellow vehiele-clearanee interval shall bhe used following each
green interval and, where applicable, after each green arrow
interval. In no case shall a yellow interval be displayed in con-
junction with the change from ved to green. In order to avoid
doing so, the use of separate sipnal faces is recommended when
traffic movements are controlled by green arrows (sec. 3B-5,
Green Turn Arrow).

The functions of the yellow interval should be exclusively to
warn traffic of an impending change in the right-of-way assign-
ment and to permit elearance of the intersection.

In pgeneral, the vehicle-clearanee interval should be not less
than 2 zeconds nor more than § seconds in lengtk. While clear-
ance intervals longer than 5 seconds may occasionally be necessary
at very wide intersections or under other unusual conditions, they
are likely to caunse impatience among drivers awaiting the signal
change and consequent starting before the green indication ap-
pears. Under such conditions it has been found more satisfactory
to supplement the normal yellow period with a short all-way red
interval of sufficient duration immediately after the yellow period
to permit the intersection to clear before eross traffic is released
{gec, AB-5).

3B-24 Flashing Operation of Traffic Control Signals

Flashing operation of a standard traffic eontrol signal involves
intermittent illumination of the red or yellow l2ns in each face.
Traffic control signals are placed in flashing operation under the
conditions preseribed in sections 3D-3 and 3E-27. The meaning
of flashing yellow and flashing red is deseribed in section 3B-5.

When signals normally operated as stop-and-go signals are put
on flashing operation, the color indications given to the several
streets should be based on the following considerations:

172




1. If one of the streets involved is a through street, it should
be given a flashing yellow (caution) indication and the other
approaches should be given a flashing red (stop) indiecation.

2, If the safe approach speed on one street differs from the
gafe approach speed on the other street or streets, the street
having the higher safe approach speed should be given the flash-
ing vellow (caution) indication and other approaches should be
given a flashing red (stop) indication.

3. If safe approach speeds and traffic volumes on both streets
are comparable or not significantly different, the traffic signal
may be operated as flashing red for both streets.

The control of flashing operation of standard signals should
he provided by an electrical mechanism supplementary to the
gignal timer, The signal timer should be removable without
affecting the flashing operation. The mechanism operates in a
manner similay to that of a flashing beacon (see. 3G-2) to pro-
vide intermittent illumination of selected signal lenses. The il
luminating element in a flashing signal shall be flashed son-
tinuously at a rate of not less than 50 nor more than 60 times
per minute.  The iluminated period of each Aash shall be not
less than half and not moere than twodhicds of the total flash
cyele.

In every case the change from flashing to stop-and-go operation
should be made at the beginning of the common main-street green
interval (i.e., when a common green indication is shown in both
directions on the main street), and no change from flashing yellow
to steady red is permissible without an intervening steady vellow.
If, when in flashing operation, the signals flash vellow on the
main street, the change from stop-and-go to flashing operation
should be made during the common main-street green period; and
if, when in flashing operation, the signals flash red on the main
street, the change from stop-and-go to flashing operation should
be made immediately following the main-street clsarance interval,

3B-25 Traffic Signals Near Grade Crossings

At zome street and highway intersections, railroad tracks pass
within or near the intersection arvea, and the grade erossing thus
formed is protected by train-approach signals (sees. 3H-1 to 9).
At such intersections it is essential that the control of the street
traffic signal be preempted from the signal controller upon ap-
proach of trains to aveid conflicting aspects of the traffic signal
and train-approach signal. Such an arvangement requires a
closed electrical cirenit between the control relay of the train-
approach signals and the preemptor in order to establish and
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maintain the preempted condition during the time that train.
approach signals are in operation.

Traffic signals shall not be used in lien of railroad grade eross.
ing protection deviees, There are, however, some crossings wherg
train movements are regulated to the extent that train-approach
signals are not required. In such caszes preemption at the ad.
jacent signalized intersections may be desirable to permit nen.
conflicting highway traffic to proceed during the time the crossing
is blocked by a train. Except under unusual circumstances the
interconnection should be limited to the traffic signals within 200
feet of the crossing.

There iz a great diversity of confipuration of intersection
patterns involving railroad tracks. At some locations one or
more tracks directly traverse the intersection area, At other
locations the trackage cuts across one or more approachez. There
are all degreez and combinations of wehicle volume, train fre-
quencies, and waiting times.

There is, however, one fundamental requirement which must
be observed in all cases. The preemption sequence initiated when
the train first enters the approach cirenit shall at onee bring into
effect a gignal display which will permit all vehicles to elear the
tracks before the train reaches the intersection.

To increase the safety factor at the railroad crossing, the
normal sequence (no trains involved) of the traffic signals should
be so designed that vehicles are not required to stop on the tracks
even though in some cases this will increase the waiting time.

The exact nature of the signal display and location of the
signals to accomplish this will depend on the physieal relationship
of the trackage to the intersection area. It is imperative, how-
ever, that the first stage of the preemption sequence be designed
to elear vehicles from the tracks.

At the completion of the first stage of the preemption sequence,
a second stage will come into effect which will persist until the
preemption zignal from the railroad control eireuit ceases. The
nature of this stage will depend upon the geometries of the inter-
section and the nature and importance of the traffic flow, but will
in all cases prohibit movements over the tracks. This stage may
be steady red or flashing red. It may permit by arrow indica-
tions certain vehicle movements which do not cross over the
tracks, and there may even be some transfer of nonconflicting
rightz-of-way during the preemption period. MNaturally the
probable duration of this period is a factor in all of the above.

When the train clears the crossing it is necessary to return
the signal to a designated phase, this being the final stage of the
preemption sequence.
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When the green indication is preempted by train operation, a

llow clearance interval must be inserted in the signal sequence
in the interests of safety and smoothness. To avoid misin-
terpretation during the time that the clear-out signals are green,
consideration should be given to the use of 12-inch red lenses in
the signals which govern movement over the tracks (sec. 3B-6),

Careful consideration needs to be given the control of all inter-
gections involving train movements. The plan for signal control
must be based on the specific factors that prevail at each inter-
gection involved. The preemption equipment tends to be special
for each case and frequently of considerable complexity.

3826 One-Way Restricted Zone Control

Control equipment is available for use at a narrow passage,
guch as a bridge, tunnel, or construetion area, which is not wide
enough to allow traffic to flow in opposite directions simul-
taneously. This operates essentially as a two-phase control, each
approach being one phase, with an all-red clearance period added
to the normal cycle. Traffic moves in one direction on one phase
and in the opposite direction on the other phaze. Between these
movements the all-red interval provides time for clearance of such
traffic as may be in the restricted area.

38-27 Emergeney and Civil Defense Operation of Traffic signals

Traffie signals operated under emergency conditions shall use
color sequences with which drivers and pedestrians are familiar,
Nonstandard colors, unusual flashing cycles, or flashing of yellow
lights in signal assemblies while regular traffic signal operation
goes on in the same assembly are to be avoided. This does not
preclude, and in some cases will necessitate, the use of auxiliary
indications independent of the traffic signal assembly to indicate
the existence of an emergency condition.

Deviees used on emergency vehicles to preempt (by radio) inter-
sectional traffic signal control shall operate at a range sufficient
to permit a normal elearance interval to take place in the change
from green to yellow to red (or flashing red) before arrival of
the emergency wehicle at the preempted location. Systems in
which intersectional traffie signal control is preempted by emer-
geney vehicles shall be designed and installed so as to provide a
fail-safe indication to the driver of any emergency vehicle ap-
proaching an intersection whose equipment fails to preempt the
traffic signal at that intersection.  This fail-safe indication shall be
given whether the failure results from a prior preemption by an
emergency vehicle on the cross street, from equipment malfune-
lion, or from any other cause.
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Traflic signals operating in congested areas during emergency
or civil defense conditions shall, as far as possible, be operateq
in a manner designed to keep traffic moving. Prolonged all-req

or flashing signal sequences are to be avoided because of confy.
sion, hazard, and delays cansed by stoppage of traffic movement,

3B=-28 Adequacy of Maintenanee

Much of the authority and respect that traffic signals have may
be traced to their clear-cut compelling indications. Signals with
impaired efficiency cannot be expected to command the necessary
degree of respect. Proper maintenance is, therefore, of primary
importance from this functional viewpoint, and will pay other
dividends in inereasing the effective life of the signal equipment.,

Maintenanee gshould be an important consideration in the design
and purchase of traffic signal equipment. If low first cost is
followed by high maintenance costs or by serious losses of ef.
ficieney, it is obviously poor economy.

The standards set forth in seetions 3B-29 to 3B-33 are intended
to provide the essential features for an adequate maintenance
program.

3B-29 Signal Lamp Replacement

Burned-out lamps convert traffic signals to the role of a traffic
hazard. Immediate replacement of such lamps, and scheduled
group replacement of lamps short of their anticipated life, are
extremely important maintenance functions. The use of two
signal faces for each approach roadway is an important factor
in providing safety when a signal lamp burns out unexpectedly.

Remoteness of signals from maintenance facilities often entails
delay in replacement of burned-put lamps. In maintenance juris-
dictiors having remote signals a regular lamp-replacement sched-
ule is advised. Such a schedule should provide for replacement
slightly short of the lamp-life expectaney as determined from
consideration of the following factors:

1. Probabilities of lamp failure as applied to mass production
and manufacturers’ rating.

2. The effect on lamp life of the difference between the voltage
at the lamp socket and the rated voltage.

3. The failure or reduction of lamp-life expectancy due to vibra-
tion in normal operation and as a result of lamp handling.

Actual hours of illumination for lamps vary according to lens
position and timing schedules. For example, major-street green
and minor-street red will require replacement more often than

176



minor-street green and major-street red. These latter in turn
will require replacement more often than the yellow.

3B-30 Cleaning

The reduction in brilliancy of a signal indication resulting from
even a moderate amount of dust and dirt is generally very much
underestimated. Signal lenses, reflectors, and lamps should be
thoroughly cleaned at least once every 6 months. Lenszes and
reflectors should always be cleaned when lamps are replaced, un-
less the last regular cleaning has been very recent.

The frequeney with which cleaning is required will vary ac-
cording to the location of the signal. Signals located in industrial
or other areas where the air is dusty or polluted, or in areas where
chemical fumes are present, will generally require more frequent
gleaning than those in residential areas. Lenses lose efficiency
due to the action of wind-blown grit. At the time of cleaning,
lenses in poor eondition should be replaced. Some lenses, how-
ever can be restored to usable efficiency by chemical treatment.
When glaszs reflectors are to be cleaned, the use of abrasive agents
should be avoided to prevent loss of reflective efficiency from
seratches.  Speeial eleaners are required to clean polished
aluminum reflectors properly.

3B-31 Location and Maintenance of Controllers

Controllers should be located where the likelihood of damage
by motor vehicles is minimized. They should be located so that
the service man ean stand in a protected area and can have a clear
view of the signal units being controlled.

Every controller shall be kept in effeetive operation in strict
accordance with its predetermined timing schedule,

Timing.—A careful check of the correctness of timed operation
of the controller shall he made frequently enough to insure its
operaling in accordance with the planned timing schedule.
To cheek the timing, the length of each interval should be re-
corded for at least two complete cycles. These should then be
checked against the timing schedule, a copy of which should be
posted in the control-box ecabinet. A complete check of traffie-
actuated equipment should include the checking of the maximum
timing by temporarily grounding the detector inputs in the con-
troller, Where the controller is capable of operating in more
than one dial, split, or offset, each should be independently
checked. The checking of offsets can be facilitated by the prepa-
ration of a timetable for each controller in the system, and by
the operation of the system on a predetermined cycle length
during the time that the check is being made.
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The checking of most timing functions can be done effectively
in connection with periodic preventive maintenance or overhaul,
The necessity for checking timing arizes from the posasibility of
mechanieal or electrical misadjustments or unauthorized changes
of timing. The correction of faulty timing should be done only
by capable, trained persons who have bheen dlly authorized to
perform controller repairs. Timing changes should be made only
by authorized persons, using written instructions which describe
details of each change.

Preventive maintenance.—Controllers shall be carefully eleaned
and serviced at least as {requently as specified by the manufacturer
and more frequently if experience proves it necessary.,

Regularly scheduled preventive maintenance has been found te
be more economical than waiting for serious controller trouble
to oecur. Some manufacturers recommend at least a yearly
schedule.

Preventive maintenance servicing should include several steps,
Controllers should be lubricated as shown in the manufacturer’s
instructions, but lubrication of other controller parts such as
sealed bearings should be avoided. Eleetrical contacts, bearings,
and wiring should be inapected and any worn or weak parts
should be replaced. An accuracy check should be made of all
timing motors, including synchronous, induction, and freguency
responsive motors.

In the adjustment and overhauling of controllers, the tools
recommended by the equipment suppliers should be used.

Availability of a spare unit for each type of controller mini-
mizes the interruption to signal operation when a controller must
be removed for routine servicing or emergency repair.

3B-32 Painting

Signal heads, brackets, poles, posts, control boxes, housings,
and eonduits above ground should be repainted at least every 2
years, and as much oftener as may be neceszary to prevent cor-
rogion and to maintain the good appearance of the equipment.

The frequency with which repainting is needed will vary with
the paint, the condition of the surface to which it is applied,
chemicals in the atmosphere, nearness to salt water, and other
conditions,

The insides of visors or hoods and the entire surface of louvers
or fins used in front of signal lenses shall be painted a dull black 10
minimize light reflection 1o the side of the signals. This is neces-
sary for the same reasons as is adequate shielding of signal
lenses (sec. 3B-9).

It iz advisable to paint signals with eolors which eontrast with
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the visual background or with the light output of the signals.
Highway yellow, dark green, and black have all been effectively
ysed alone and in combination. Use of aluminum or silver paint
which blend with the sky on bright days should be avoided.

3B-33 Maintenance Records

Detailed maintenanece records should be kept and analyzed at
regular intervals to determine future policies as to equipment
purchases and the maintenance program.

Good maintenance records are valuable in a number of ways:

1. Careful analysizs will assist in determining whether or not
the maintenanece program in use is satisfactory.

2. Analysis of costs will aid in deciding upon types of equip-
ment to be purchased and improvements in maintenance methods.

3. Maintenance records will frequently be needed by the courts
in eonnection with accident cases,

Maintenance records should indicate the necessary time re-
quired and costs of cleaning, lubrication, retiming, overhauling,
lamp replacement, painting, and similar items for each signal
installation, for each specific controller, and for each specific
lamp failure.

C—COMPARISON OF PRETIMED AND TRAFFIC-ACTUATED CONTROL

Section 3C=1 Relative Adaptability to Normal Intersection Re-
quirements

Each of the principal types of traffic signal control, pretimed
and traffic-actuated, possesses certain advantages not afforded
by the other. The choice of equipment should be made only
after a review of the relative merits and adaptability to the
particular requirements at the location proposed for signaliza-
tion. The following diseussion is intended to bring out basic
differences in the different types of control, insofar as their
operating characteristics and suitability for various traffic re-
quirements are concerned. It should be remembered that each
type of control iz capable of being medified in various ways for
improved efficiency and flexibility of traffic control.

With basic pretimed control, a consistent and regularly re-
peated sequence of signal indications is given to traffic. The total
eyele length required for a complete sequence of indications may
be adjusted from a minimum of 30 seconds to a maximum of
about 120 seconds. In most basic pretimed controllers, changes
in eycle length may be made in 5-second increments. By use of
attached auxiliary devices or remotely located supervizory equip-
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ment to be discussed in sections to follow, the operation of pre.
timed control ean be changed within certain limits to meet re.
quirements of traffic more precisely.

Pretimed control is best suited to intersections where traffic
patterns are relatively stable or where the variations in traffie
that do occur can be accommodated by a pretimed schedule with-
out eausing unreasonable delays or congestion. Pretimed control
iz particularly adaptable to intersections where it is desired to
coordinate operation of signals with existing or planned signal
installations at nearby intersections on the same street or adjacent
streets.

The traffic-actuated controller differs basically from the pre-
timed controller in that signal indications are not of fixed length,
but are determined by and conformed within certain limits to the
changing traffic flow as registered by various forms of wvehicle
and pedestrian detectors. The length of eyele and the sequence
of intervals may or may not remain the same from cyele to cyele,
depending on the type of controller and auxiliary equipment
utilized to fit the needs of the intersection. In some cases certain
intervals may be omitted when there is no actuation or demand
from waiting vehicles or pedestrians.

Many operating variations are possible with traffic-actuated
control. An intersection may be semi-traffie-actuated, which
means that the green light is normally given to, and held by, the
major street until a minor-street demand is registered. The
green light is then given to the minor street for a period of time
related to demand and then returned to the major street. This
type of control finds frequent application at the interseetion of an
arterial street with a side street having relatively light and ir-
regular vehicle and pedestrian traffic. By means of auxiliary
devices, semi-traffic-actuated eontrollers ean be eoordinated with
traffic signals at adjacent intersections, although this coordination
is not usually asg precise as with pretimed control.

Full traffic-actuated control provides for detector actuations on
all approaches to the intersection. The eontroller is thus enabled
to assign right-of-way substantially in accord with the demands
of the several approaches. Some of these controllers are also
capable of taking into aceount certain characteristics such as the
spacing of approaching traffic and the waiting time of stopped
vehieles,

For the signalization of arterial streets and of areas, a form
of control termed “traffic-adjusted"” is available which has some of
the characteristics of both traffic-actuated and pretimed operation.
Detectors are not used at each intersection, but the overall traffic
demands are determined by sampling traffic volumes by automatic
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counting detectors at key locations. Computing equipment at a
central control location constantly receives information from the
sampling detectors, and adjusts the signal display within certain
limits either continuously or at fixed intervals so as to provide
pptimum movement with respect to the currently dominant
volumes and directions of vehicle movement.

3C=2  Advantages of Pretimed Control

Among the advantages of pretimed control are the following:

1. Consistent starting time and duration of intervals of pre-
timed control facilitates coordination with adjacent traffic signals,
and provides more precise coordination than does traffic-actuated
control, especially when coordination is needed with adjacent
traffic signals on two or more intersecting streets, or in a grid
system. This coordination may permit progressive movement
and a degree of speed control through a system of several well-
spaced traffic signals. Precise coordination may also permit
maximum efficiency in the operation of two or more very closely
spaced intersections operating under capacity conditions, when
the timing relationship between intersections is eritical.

2, Pretimed controllers arve not dependent for proper opera-
tion on the movement of approaching vehicles past detectors.
Thus the operation of the controller is not adversely affected by
conditions preventing normal movement past a detector, such
as a stopped vehicle or construction work within the area.

3. Pretimed control may be more acceptable than traffic-ac-
tuated control in areas where large and fairly consistent pedes-
trian volumes are present, and where confusion may occur as
to the operation of pedestrian push buttons.

4. Generally the installed cost of pretimed equipment is less
than that of traffic-actuated equipment and the former is simpler
and more easily maintained.

A degree of simple coordination of pretimed controllers can
be attained by use of controllers equipped with synchronous
timing motors without wire interconnection or remote super-
vision. However, due to interruptions or irregularities of electric
gervice which may occur, frequent patrol and adjustment of
signals is required to assure reliable coordination in the absence
of supervisory circuits.

3C=3  Advantages of Traffic-Actuated Control

At intersections where traffic volumes fluctuate widely and
irregularly, where traffic loads shift frequently, or where inter-
ruptions to main-street flow must be minimized, maximum ef-
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ficleney in signal operation may be attained by the used of traffic.
actuated control,

Among the special advantages of traffic-actuated contrel are
the following:

1. Traffic-actuated control may provide maximum efficiency at
intersections where fluctuations in traffic cannot be anticipated
and programed for with pretimed contral.

2. Traffic-actuated control may provide maximum efficiency at
complex intersections where one or more movements are sporadic
or subject to variation in volume,

3. Traffic-actuated control will usually provide maximum effi-
ciency at intersections of a major street and a minor street by
interrupting the major-street flow only when required for minor-
street vehicular or pedestrian traffie, and also by restrieting such
interruptions to the minimum time required.

4, Traffic-actuated control may provide maximum efficiency at
intersections unfavorably lecated within progressive pretimed
systems, where interruptions of major-street traffic are undesir-
able and must be held to a minimum in frequency and duration.
A background time cyele may be superimposed upon the operation
to effect coordination with nearby signals (sec. 3E-8).

5. Traffic-actuated control may provide the advantages of con-
tinuous stop-and-go operation without unnecessary delay to traffic
on the major street, whereas isolated pretimed signals are some-
times switched to flashing operation during periods of light
traffic.

6. Traffic-actuated control is particularly applicable at locations
where traffic signal control is warranted for only brief periods
during the day.

7. Traffic-actuated control tends to reduce any hazard asso-
ciated with the arbitrary stopping of vehicles.

3C—4  Other Factors Governing Selection of Type of Control

The choice between pretimed and traffic-actuated control is
frequently determined by initial equipment cost, installation cost,
and anticipated operating expenses. Pretimed control is gen-
erally less expensive to install and maintain than other types of
contrel, In considering the economic aspeets in the selection of
appropriate control apparatus, however, careful attention should
be given to economic benefits or losses which may acerue to
motorists and pedestrians. Unnecessary stoppages and delays to
traffic movement result in economic lossges which accumulate to
a significant total during the life of the traffic control equipment.
In many ecases the reduction in motor-vehicle operating costs will
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justify installation of signal control equipment which has a higher
first cost but greater efficiency in handling traflic.

Accident hazards also should be considered. While signals are
most effective in reducing right-angle collisions, they tend to
increase the frequency of rear-end collisions. Possible reduction
of accidents through efficient operation of traffic signals fre-
quently will offset added signal installation and maintenance
costs.

Extreme care should be used in selecting traffic control equip-
ment so that proper features for present and future operation
will be obtained when controllers are purchaszed or can be added
at a later date without excessive cost.

D—PRETIMED SIGMALS

Section 3D=1 Definition

A pretimed signal is a traffic control signal which directs
traffic to stop and permits it to proeeed in accordance with a single
predetermined time schedule or a series of such schedules.

Operational features of pretimed signals, such as cycle length,
split, sequence, offset, ete., can be changed according to a pre-
determined program.

302  Advance Engineering Data Requirved

A comprehensive investigation of traffic conditions and physieal
characteristics of the intersection is required to determine the
necessity for a signal installation and to furnish necessary data
for the proper design and operation of a signal that is found to
be warranted. Such data should desirably include:

1. The number of wvehicles entering the intersection in each
hour from each approach during 16 consecutive hours of a
representative day. The 16 hours selected should eontain the
greatest percentage of the 24-hour traffic.

2. Vehicular volumes for each traffic movement from each
approach, elassified by vehicle type (heavy trucks, passenger cars
and light trucks, and publie-transit vehieles), during each 15-
minute period of the two hours in the morning and of the two
hours in the afternoon during which total traffic entering the
intersection is greatest,

3. Pedestrian volume counts on each erosswalk during the
same periods as the vehicular counts in paragraph 2 above and
alzo during hours of highest pedestrian volume. Where young
or elderly persons need special consideration, the pedestrians
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may be classified by general observation and recorded by age
groups as follows:

(a) Under 13 years.

(b} 13 to 60 wears.

{e) Owver 60 years.

4. The 8i-percentile speed of all vehicles on the uncontrolled
approaches to the intersection.

5. A condition diagram showing details of the physieal layout,
including such features as intersectional peometries, channeliza-
tion, grades, sight-distance restrictions, bus stops and routings,
parking conditions, pavement markings, street lighting, drive.
ways, location of nearby railroad crossings, distance to nearest
signals, utility peles and fixtures, and adjacent land use.

6. A collision diagram showing accident experience by type,
location, direction of movement, severily, time of day, date,
and day of week for at least one vear.

Additional data.—The following data are also desirable for a
more precise understanding of the operation of the intersection
and may be obtained during the periods specified in paragraph
2 above.

1. Vehicle-zseconds delay determined separately for each
approach,

2, The number and distribution of gaps in vehicular traffic
on the major street when minor-street traffic finds it possible to
usze the intersection safely,

3D=3  Warrants for Pretimed Signals

Pretimed signals may be installed and operated only when one
or more of the warrants defined in sections 3D-4 to 9 are satis-
fied, except that at intersections sufficiently far from other signal-
ized intersections so that progresszive timing is generally impracti-
cal, or at secondary intersections within a coordinated system,
a traffic-actuated signal may be more appropriate than a pretimed
gignal. If traffic-actuated signals are installed at intersections
within a coordinated system, such signals should be equipped and
operated with control devices which provide proper coordination
with adjacent signals. Sections 3E-2 and 3E-3 describe other
warrants for traffic-actuated signals.

The investigation of the need for signal control should include
an analysis of the degree to which each of the following warrants
is met:

Warrant 1.—Minimum wvehicular volume.
Warrant 2.—Interruption of continuous traffic.
Warrant 3.—Minimum pedestrian volume.
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Warrant 4.—Progressive movement.
Warrant 5.—Accident experience.
Warrant 6.—Combinations of warrants.

When for a period of four or more consecutive hours any traflic
volume drops to 50 percent or less of the stated volume warrants,
it is desirable that flashing operation be substituted for conven-
tional operation for the duration of such periods. However, such
flashing operation should be restricted to no more than three
separate periods during each day. (See sec. 3B—24 for additional
discussion of flashing operation of traffic signals.)

3D—4 Warrant 1, Minimum Vehicular Volume

The minimum vehicular volume warrant is intended for appli-
cation where the volume of intersecting traffic is the principal
reason for consideration of signal installation. The warrant is
satisfied when for each of any 8 hours of an average day the
traffic volumes given in table 2 exist on the major street and on
the higher-volume minor-street approach to the intersection.

Toble 2.—Minimum vehicular volumes for warrant 1

Number of lanes for moving | Vehicles per hour
traflic on each approach Vehicles per hour on on higher-volume
a5 major street (total of both minor-street approach
| | approaches) (one direction only)
Major street Minor street |
| SR—— { LA | 500 | 150
P L RO ([ B ] 600 | 150
2ormore.........| 2ormore..... | 600 [ 200
Eifling o iannaitatak 2 or more. .. .. | a00 | 200

The major-street and the minor-street volumes are for the
same 8 hours. During those 8 hours the direction of higher
volume on the minor street may be on one approach during some
hours and on the opposite approach during other hours.

When the 85-percentile speed of major-street traffic exceeds
40 miles per hour, or when the intersection lies within the built-up
area of an isolated community having a population less than
10,000, the minimum vehicular volume warrant is 70 percent of
the requirements above, in recognition of differences in the nature
and operational characteristics of traffic in urban and rural
environments and smaller municipalities.

3D-5 Warrant 2, Interruption of Continuous Traffic

The interruption of continuous traffic warrant is intended for
application where operating conditions on a major street are such
that the minor-street traffic suffers undue delay or hazard in
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entering or crossing the major street. The warrant is satisfied
when for each of any 8 hours of an average day the traffic volumes
given in table 3 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,

Table 3.—Minimum vehicular volumes for warrant 2

Number of lanes for moving | Vehicles per hour
traflic on each approach } Vehieles per hour on | on higher-volume
major street (total of both | minor-street approach
approaches) (one direction only)
Major street Minor street
————

p T TR L) ORI 900 | 74
2ormore.........| 2ormore......| 900 | 100
: S - 2 or mare...... 750 | 100

|
i | |

The major-street and minor-street volumes are for the same 8
hours. During those 8 hours the direction of higher volume on
the minor street may be on one approach during some hours and
on the opposite approach during other hours.

When the 85-percentile speed of major-street traffic exceeds
40 miles per hour, or when the intersection lies within the built-
up area of an isolated community having a population less than
10,000, the interruption of continuous traffic warrant is 70 per-
cent of the requirements above, in recognition of differences in
the nature and operational characteristics of traffic in urban and
rural environments and smaller municipalities.

3D-6 Warrant 3, Minimum Pedestrian Volume

The minimum pedestrian volume warrant is satisfied when for
each of any 8 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 1,000 or more vehicles
per hour (total of both approaches) enter the intersection on the
major street where there is a raised median island 4 feet or more
in width; and

2, During the same 8 hours as in paragraph 1 there are 150
or more pedestrians per hour on the highest volume crosswalk
crossing the major street.

When the 85-percentile speed of major-street traffic exceeds
40 miles per hour, or when the intersection lies within the built-
up area of an isolated community having a population of less than
10,000, the minimum pedestrian volume warrant is 70 percent
of the requirements above, in recognition of differences in the
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nature and operational characteristics of traffic in urban and
rural environments and smaller municipalities.

A gignal installed under thiz warrant at an izolated inter-
gection should be of the semi-traffic-actuated type with push
buttons for pedestrians crossing the main street. If such a signal
i installed at an intersection within a coordinated system, it
ghould be equipped and operated with control devices which pro-
vide proper coordination.

Signals installed wunder this warrant shall be equipped with
pedestrian indieations as provided in section 3F-2.

In connection with traffic control signals installed for school
crossings, it should be understood that a traffie signal is not the
only remedy nor is it necessarily the correct solution to the per-
plexing problem of traffic conflicts between vehicles and school
children. Brief periods during which the hazards are unusually
high are often better handled by officer control or adult crossing
puards.

In some circumstances the pupils’ response to traffic signal
indications is so inadequate that the signal can become a con-
tributory factor in increasing rather than decreasing accidents.
The response to officer control or adult erossing guards is usually
less uneertain.

It iz therefore believed that traffic control signals should not
ordinarily be installed at school crossings where schoolboy patrols
or adult crossing guards can be used effectively, where students
can be directed to cross at locations which are already controlled
by traffic control signals or police officers, or where pedestrian
refuge islands provide adequate protection.

Complete facts should be obtained and studied by competent
traffic engineering authorities before decisions are made on the
installation of signals in the vicinity of schools. As a result of
these studies and consideration of the control methods listed
above, traffic signals may be warranted if:

1. Pedestrian crossing volumes at a designated school crossing
on the major street exceed 250 pedestrians in each of 2 hours;
and

2, During each of the same 2 hours vehicular traffic through
the designated school crossing exceeds 800 wehicles; and

8. There is no traffic signal within 1,000 feet of the crossing.

When the B85-percentile speed of major-street traffic exceeds
40 miles per hour or when the intersection lies within the built-up
area of an isolated community having a population less than
10,000, the warrant is 70 percent of the requirements above, in
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recognition of differences in the nature and operational character.
isties of traffic in urban and rural environments and smallep
municipalities.

School crossing signals installed under this warrant shoulq

be of the pedestrian-actuated type. They shall be equipped with
pedestrian indications (sec. 3F-2). :

3D-7 Warrant 4, Progressive Movement

Progressive movement control sometimes necessitates trafhic
signal installations at intersections where they would not other-
wise be warranted in order to maintain proper grouping of
vehicles and effectively regulate group speed. The progressive
movement warrant is satisfied when:

1. On an isolated one-way street or on a street which prepon-
derantly has unidirectional traffic significance, adjacent signals
are so far apart that the desired degree of platooning and speed
control of vehicles would otherwise be lost.

2. On a two-way street, adjacent signals do not provide the
desired degree of platooning and speed control; and the proposed
and adjacent signals can constitute a progressive signal system.

Table 4.—System design speeds in relation to cycle length and signal spacing for
single-alternate systems * *

Design speed for signal spacing of—
Cyecle length of
system
1,320 feet 1,000 feet 660 feet
(1/4 mile) (approx. 3/16 mile) (1/8 mile)
Seconds M.p.h. M.p.h. M.g.fl.
(A T 5 [ 34.1 22,5
45, . it 40 J 30.3 20
50 -4 5k 36 || 27.8 18
55 32.7 | 24.8 16.4
1 e et R 30 -, 227 15
65 2 21 13.8
{ L LUy A SRy W e 25.7 19.5 12.9
[ i e ey S eI 24 18.2 12
e e 22.5 17.1 11.3

! With identical speeds in both directions.
% Ttalicized numbers represent practical speeds.

In a single-alternate signal system (see. 3D-19) the minimum
spacings between the proposed signal and existing adjacent sig-
nals should closely approximate the distance D in feet, or full unit
multiples thereof, given by the formula D — CS —+ 1.864, where
C — cycle length in seconds, and S = design speed of signal
system in miles per hour. Table 4, illustrating the relationship
between eycle length, signal spacing, and system speed, shows
that signal spacings under 1,000 feet are not capable (with prac-
tical cycle lengths) of rendering progressive, two-way movement
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with acceptable speeds. [f further indicates that desirable mini-
mum signal spacing with 60-, 65-, or T0-second eycle lengths is
approximately 1,320 feet or 1 mile. The italicized speeds
represent the practical speed ranges described above.

3D-8 Warranmt 5, Accidemt Experience

The common opinion of the general public that signals ma-
terially reduce the number of accidents is rarely substantiated
by experience. Not infrequently there are more accidents with
signals in operation than before signal installation. Hence, if
none of the warrants except the aceident experience warrant
described below iz fulfilled, the initial presumption should be
against signalization. Signals should not be installed on the basis
of a single spectacular accident or on the basis of unreasonable
demands and dire predictions of accidents which allegedly might
peeur. The aceident-experience warrant is satisfied when:

1. Adeqguate trial of less restrictive remedies with satisfactory
observance and enforeement has failed to reduce the accident
frequency ; and

2. Five or more reported aceidents of types susceptible of cor-
rection by a traffie control signal have cceurred within a 12-month
period, each aceident involving personal injury or property dam-
age to an apparent extent of $100 or more; and

3. There exists a volume of wvehicular and pedestrian traffic
not less than B0 percent of the requirements specified in the
minimum vehicular-volume warrant, the interruption of continu-
ous traffie warrant, or the minimum pedestrian-voluome warrant;
and

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

Any signal installed solely on the accident experience warrant
should be semi-traffic-actuated with control devices which provide
proper coordination if installed at an inftersection within a co-
ordinated system, and normally should be full traffic.actuated if
installed at an isolated intersection.

A traflic eontrol signal, when obeyed by drivers and pedes-
trians, ean be expected to eliminate or reduce materially the
number and seriousness of the following tyvpes of accidents:

1. Thoese involving substantially right-angle collisions or con-
fliets, such as occur between vehicles on intersecting streets.

2. Those involving conflicts between straight-moving vehicles
and erossing pedestrians.

3. Those between straight-moving and left-turning vehicles

189



approaching from opposite dirvections, if an independent
time interval is allowed during the signal eyele for the left-tury
moverment,

4, Those involving excessive speed, in cases where signal co.
ordination will restrict speed to a reasonable rate.

On the other hand, traffic control signals cannot be expected
to reduce the following types of accidents:

1. Rear-end collisions, which often increase after signalization,

2. Collisions between vehicles proceeding in the same or op-
posite directions, one of which makes a turn across the path of
the other, particularly if no independent signal interval is pro-
vided for these turn movements,

3. Accidents involving pedestrians and turning vehicles when
both move during the same interval.

4. Other types of pedestrian aceidents, if pedestrians or drivers
do not obey the signals,

3D=Y9  Warrant 6, Combinations of Warranis

Signals may occasionally be justified where no one warrant
is satisfied but two or more are satisfied to the extent of 80 per-
cent or more of the stated values, These exceptional cases should
be decided on the basis of a thorough analysiz of faets,

Adequate trial of other remedial measures which canse less
delay and inconvenience to traffic should precede installation of
signalz under this warrant,

3D-10 Selection of Type of Pretimed Control Mechanism

Where any of the previously deseribed warrants is satisfied
and the deeizion has been made to install a pretimed signal, it is
necessary to select the type of pretimed control mechanism ' to be
ugsed. The possible choices inelude the following, for which ad-
vantages are set forth in sections 3D-11 to 3D-13:

1. Nonsynchronous pretimed controller for isolated inter-
sections.

2. Synchronous type of pretimed controller for isolated inter-
sections,

3. Controllers providing for coordination.

3D=11 Nonsynchronous Pretimed Conteollers for Isolated Inter-
seclions

This type of controller, which is timed by an electronic device,

is not desirable and should be used only at unimportant isolated

U Pretimed, Fized Cyele Trafic Signal Controllers, Technical Report No. 2, Inatitute of
Traffic Engineers,
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jntersections warranting signalization where it is unlikely that
there will be any need for coordination with other intersections
as long as the controller is to be used.

By use of auxiliary devices, cycle lengths and proportions
allotted to the various go intervals can be changed a limited
pumber of times during the day. However, traffic-actuated or
synchronous 'pretimed equipment is preferable where such
changes are desirable.

3D0-12  Synchronous Pretimed Controller for lsolated Intersec-
tions

This type of controller uses a synchronous timing motor and
ghould be used at izsolated intersections where:

1. In the future, the installation is likely to be coordinated
with other signal installations or to be supervised by a master
controller.

2. A fixed length of cycle and intervals will be tolerable during
all hours of traflic control operation.

In some applications a two-dial or even a three-dial controller
may be used to provide two or three timing schedules, giving the
controller flexibility to accommodate some changes in traffic
patterns. Selection of schedule ean be acecomplished by use of
program devices,

3D-13 Controllers Providing for Coordination

Several types of control are available for eoordination. One
of these involves the use of synchronous motors without super-
vision from a master controller. Other systems involve super-
vision of local controllers by the master controller through wire
interconnection or by radio. Local controllers in these systems
may employ synchronous or induction motors or electronie timing
devices. Sections 3D-17 to 3D-21 discuss the various degrees
of flexibility attainable by different systems. The zelection should
be based upon:

1. The total volumes of traffic involved.

2. The relative amounts of and variation in traffic on the sev-
eral approaches to the intersection.

3. The variation in directional flow on each street.

4, An analysis of the differences in costs in relation to expected
benefits to the motoring public,

In general, the noninterconnected (or nonsupervised) synehro-
nous system should not be used for very heavy traffic because of
its limitations as to flexibility and because of the absence of as-
surance that the desired coordination will continue indefinitely.
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However, in some cases, suflicient flexibility may be obtaineq
by programing multiple-dial controllers at a few problem loeg.
tions. Visual power-failure indicators attached to local con.
trollers are desirable accessories for maintenance of coordination,

3D-14 Signal Timing in Accordance With Traffic Requirements

The full value of a signal installation is realized only when it
is operated in a manner consistent with the traffic requirements,
The use of unduly long eycles, or improper division of cycles of
reasonable length, fosters disrespect for and poor observance of
signal indications. Signals should not be operated manually
more than iz absolutely necessary, as this type of operation has
frequently proved to be more inefficient than properly timed
automatic control. This is particularly true of signals in a
coordinated system.

One of the chief difficulties in signal timing comes from the
need to accommodate two or three radically different volume
patterns at various times during the period of operation. Any
timing plan which iz devised should be checked against the traflic-
count information collected to be suve that the inevitable volume
changes on the atreets concerned will be handled in the best pos-
sible manner,

Some of the factors which must be considered in assigning
green time to the intersecting streets are:

1. Number of traffic lanes and other physical conditions.

2. Volume of traffic in the critical lanes.

3. Requirements of commercial and publie-transit vehicles.
4. Vehicle headways on the intersecting streets,

6. Pedestrian requirements.

6. Vehicle and pedestrian eclearance requirements,

7. Turning movements.

Signal timing can become exeeedingly eomplex when it involves
not one but a series of signalized interseetions which are to he
operated so as to provide for continuous movement of platoons of
vehicles, Varying block lengths often constitute a major diffi-
culty in arriving at a satisfactory timing plan. There are many
details involved in the development of efficient time-space dia-
grams for progressive signal systems and no attempt is made to
present a full treatment of the subject in this Manual. The
Traffic Engineering Handbook, published by the Institute of
Traffic Engineers's, contains a helpful discussion of the significant
details of signal timing and describes a number of practical re-

18 Traflie Engineering Hasdbosl, sscond edition, 1980, [Institste of Trafle Engineers,
2020 K Sirect, N.W., Washington 6 D.C.
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finements possible in traffic signal systems. The Highway Capa-
city Manual'®, published by the United States Bureau of Public
Roads, also provides useful information on the influence of traffic
eglements at intersections.

3D=15 Division of Total Cyele Time

Reference has been made to the importance of assigning Go
(green) time to the intersecting streets in accordance with the
traffic demand. There follows a description of a method that has
been employed succesafully:

If, during the heaviest traffic hour, the effect of turning move-
ments, slow-moving commercial vehicles, and other factors on the
time spacing between wvehicles in the eritical lane leaving the
intersection is equal for the two heavier traffic flows at right
angles, the division of the total time eyele into the two Go periods
will be approximately correct if these periods are made directly
proportional to the intersecting volumes of traffic per eritical lane.

However, if, during the heaviest traffic hour, there is a consider-
able difference in the time spacing between vehicles in the two
intersecting critical lanes beeause of, say, the presence of trucks
and buses in one of the eritical lanes and not in the other, this
fact should be taken into account. In making the eycle division,
the Go periods will be approximately correct if made proportional
to the products of the critical lane volumes and the time spacings
on the respective intersecting streets,

As a simple illustration, assume that a 60-second cycle has
been selected and that the time required for vehicles to clear the
intersection after the green signal is 5 seconds on each street.
This leaves a total of 60 seconds of Go time to be divided between
the two streets, Assume that the eritical lane volumes V¥V, and
Ve on streets A and B during the heaviest traffie hour are 400
and 250 vehicles, respectively, In the first case, assume that the
time spacing between wvehicles, or headway on departure, for
each of the two streets is the same. The Go time assigned to
each street, T, and Ty, would then be approximated as follows:

Ta_Va_ 400 (1)
TH_VH_EEE
and T,+4Ty=50 seconds (total Go time) (2)

Solving for T4 in (2) and substituting in (1):

T_ﬂzﬂ'l whenee T,=31 seconds.
60—T, 250
From (2), Tr=50—31=19 seconds,

19 Highway Capaocity Momsal, 1950. Bureau of FPublic Roads, Washington, D.C,
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In the second case, assume that the time spacing between ve.
hicles, or departure headway, H, and Hy, is 3 seconds on street
A and 5 seconds on street B. This difference in headway might
be caused by a sizable percentage of trucks in the critical lane
on street B. The division of the Go time would then be ap.
proximated as follows:

Ty VaxH, 4003
T, VaxXH, 2505

Solving for T, in (2), and substituting in (3) :
T, 4003
B0—T,  2560%5

From (2), T,=50—24_—26 seconds.

It should be emphasized that such elementary caleulations
provide only an approximate means of determining the proper
time for each street. Other considerations, such as the time
required for pedestrian crossings and physical conditions at the
intersection, also affect signal timing. After the initial seleetion
of a cycle length and a timing program, frequent checkbacks and
studies of the signal in operation should be made to obtain the
most efficient timing schedule.

As a general prineciple of traflic signal timing, no wvehicle Go
interval should be less than the time required for the waiting
group of pedestrians to get started and to eross to a point of
safety unless an exclusive pedestrian interval is also employed.
Experiments with signal timing have shown that, insofar as
vehicle movements are concerned, excellent efficiency ean be at-
tained under certain offpeak conditions with Go intervals as short
as 16 seconds. Ovrdinarily, however, they must be somewhat
longer to give the pedestrian a safe opportunity for crossing
the roadway.

When the pedestrian crossing time runs concurrently with the
vehicle Go period, which is the usual case, the total Go interval
should be long enough to allow not less than 5 seconds during
which it is indicated that pedestrians may start to cross, and
enough longer to permit pedestrians who have entered the road-
way to reach a place of safety with the additional time provided
by the wehicular clearance interval. Thus if it takes 14 seconds
for most pedestrians to cross the roadway or reach a point of
safety, and if the vehicle clearance (yellow) interval is 3 seconds,
the total Go (green) interval should be at least 54+14—3, or 16
seconds.

(3)

, whence T,=24 seconds.

3D=16 Coordination of Pretimed Signals

In general, all pretimed signals within one quarter of a mile
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of one another and controlling the same traffic should be operated
in coordination. Even at greater distances coordination may be
desirable under certain conditions.

Great inconvenience and delay result from independent, non-
interrelated operation of closely adjacent signal installations
pperating on pretimed contrel. Most of this delay can be
gliminated by carefully planned coordination. However, under
certain adverse conditions which seriously affect the efficiency
of coordinated econtrol, greater efficiency may be possible with
traffic-actuated control, operated either independently or in
combination with coordinated control (sec. 3E-8).

For required coordination with railroad grade-crossing signals,
see section 3B-25.

3D-17 Types and Selection of Coordination

The most useful classification of traffic control signal systems
is based on their method of coordination. Since the primary
purpose of this coordination is to organize and facilitate traffic
flow, it is essential to understand what vehicular traffic will do
under the various systems. On this basis of classification there
are four general types of coordination of pretimed signals.
These are defined as the simultaneous system, the alternate sys-
tem, the limited progressive system, and the flexible progressive
gsystem (secs, 3D=18 to 21).

3D-18 Simulianeous System

In a simultaneous system all signals show the same indication
to the same highway at essentially the same time. This is one of
the early types of signal systems and it has limited but im-
portant applications in modern traffic signal practice.

At all intersections the timing is essentially the same and indi-
cations change simultaneously or nearly so to show green at each
signal facing the major-street traffic and red to all minor streets,
and similarly throughout the eyele.

At normal traffic speeds the time required to travel between
closely spaced intersections is so short that a very short eyele
would be required for a flexible progressive or alternate system
of eontrol. If only two such intersections are to be coordinated,
the best plan is generally to operate them as a simultaneous
system, giving an ample green interval on the major street for
a major portion of the traffic to clear through both intersections.
If two such close intersections are encountered in a larger group
to be coordinated, the best plan is to select the flexible progressive
systermn and to adjust the offsets at the two closely adjacent inter-
sections so as to interfere the least with the continuous movement
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of traffic. Frequently this will result in virtually simultaneoyg
operation of these two signal installations.

Under conditions of heavy traffic, progressive signal aystemg
may break down because of the accumulation of vehicles betweey
gignals. Under these conditions a simultaneous system may suh.
stantially improve operation of traffic in the system.

The simultaneous stopping of all traffic along the highway
prevents continuous movement of vehicles and, particularly
during low-volume periods, may result in high speed between
stops but low overall speed. Also, ecyele length and interva)
proportioning are usually controlled by the requirements of one
or two major intersections in the system. This may result in
gserious inefficiencies at the remaining intersections.

3D-19 Alternate System

In the alternate system adjacent signals or groups of signals
show opposite indications alternately along a given highway.
In the single-alternate system opposite indications are shown by
adjacent signals. Double- and triple-alternate systems consist of
groups of two or three signals respectively showing opposite indi-
eations. The alternate system iz usually an improvement over the
simultaneous system in that throughout a series of intersections
g0 controlled there can be, under favorable conditions, continuous
movement of groups of wvehicles at a predetermined speed, this
being most efficient where the lengths of the blocks, or of the
alternating groups of blocks, are equal and adequate. Alternate
systems are exemplified by a one-half-cyele offset or advance
start of green between adjacent signalized intersections.

An alternate system can be operated with a single controller,
but this arrangement is not recommended, mainly because of the
inereased flexibility obtainable with local intersection controllers.

3D=20 Limited Progressive System

In the limited progressive system a fixed common time-cycle
length is used and green indications are proportioned to conform
with requirements of each intersection and are given independ-
ently in accordance with a timing schedule designed to permit
continuous or nearly continuous movement of groups of vehicles
along the highway at a planned rate of speed.

Supervision of a limited progressive system by a master con-
troller through wire interconnection or by means of signals trans-
mitted by radio may be used to maintain proper timing relations
{offzetz) between signals. Or synchronous-motor-driven eon-
trollers operated by a common or electrically synchronized source
can be employed without interconnection or remote supervision
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by master control. However, power failures, severe dips in
voltage, and variations in temperature may cause individual local
controllers to fall out of step and disrupt planned movement of
vehicles. In order to assure satisfactory operation periodic
patrol of such systems is necessary. Visual power-failure indi-
cators expedite detection of controllers not operating on the de-
gired schedule,

3021 Flexible Progressive System

The flexible progressive system incorporates all features of a
limited progressive system and has a number of additional fea-
tures, depending on the type of intersection controller, master
controller, and appurtenances selected. A common time eyele is
used throughout the system. However, the length of the cycle
can be changed as frequently as desirved,

Through use of modern multiple-dial intersection controllers
it is possible to establish several schedules for division of the
eyele.  In addition, it iz possible to change offsets as frequently
as desired. Predetermined timing programs can be set up on
multidial eontrollers to favor rush-hour traffic movements at
appropriate times during the day or week, off peak traffic demands,
and other traffic conditions. With this flexibility it is possible
to meet efficiently the varying demands of traffic at each inter-
gection and in the system.

Synchronous timing motors operated from a variable-frequency
power source can give several different cyele lengths, and the
number of possible timing schedules can be expanded accordingly.

Supervision of intersection controllers ean be accomplished
by direct wire interconnection from a master controller, by means
of radio signals transmitted from a master control station, or by
leased telephone lines. Wire intereonnection ecan invelve use of
multiple conductor cables with one conductor assigned to each
program function in addition to a common ground conductor,

An alternate type of wire interconnection invelves use of
two-conductor cireuits carrying coded tone pulses from the master
controller which are converted by a decoding device at the inter-
gsection controller into signals which select the desired timing
schedule. Systems involving use of radio for coordinating traffie
signals are similar to the two-conductor wire system exeept that
tone pulses are transmitted and reeeived by radio instead of by
wire, Transmitting equipment and operators must be licensed
by the Federal Communications Commission.

In any flexible progressive system knowledge of demands of
traffic must be available in order to select appropriate timing
schedules, Counts of traffic and measurements of vehicle speeds
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are essential to determine proper eyele lengths, eyele divigi,.:.,lb
and offsets. In order to take full advantage of flexibility, meas.
urements of traffic should be made frequently. In general, g
properly designed and operated flexible progressive system ig
the pretimed system best adapted to efficient movement of traffie,
Its advantages include the following:

1. With adequate highway capacity and favorable signal spag.
ing, continuous movement of entire groups of vehicles 18 possible
with a minimum of delay and at an average speed planned for
the system,

2. A high degree of efficiency results from proportioning Gg
periods to fit traffic requirements at each intersection.

3. More uniform speeds are encouraged.

4. Differences in block lengths are better handled than with
other pretimed systems.

3D-22 Conditions Affecting Efficiency of Signal Systems

Certain conditions seriously reduce the efficiency of signal sys.
tems, even of the best flexible progressive systems. Among
these are:

1. Very short signal spacing (this particular econdition does
not affect the simultaneous system}).

2, Inadequate highway capacity and interferences from park-
ing and loading operations.

3. Traffic composed of units of widely differing speeds, such
as streetears, buses, trucks, and passenger automobiles, especially
on narrow streets,

4. Certain types of complicated intersections, such as those re-
quiring three or more phases per cycle.

5. Heavy volumes of vehicles turning from or into the artery,
especially if the block into which they turn is short or otherwise
limited in capacity.

6. Exclusive pedestrian intervals.

3D-23 Manual Control

At heavily traveled intersections operating under isolated con-
trol, manual operation of signals at certain times may be war-
ranted by wvarying traffic requirements. The provision of
apparatus to permit manual operation of signal installations in
a flexible progressive system, however, is not generally recom-
mended.

Experience has shown that if manual-control features are
available a tendency on the part of the police to operate certain
intersections manually is likely to develop. This often destroys
coordination at those intersections and through the system, with
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disadvantages generally more important than the possible im-
pruwement achieved by proportioning intervals manuaily. The
prgsumptinn should be strongly against manual control in
coordinated systems until the inabinty of automatic control to
meet the situation at the particular interseetion is proved.

3D-24 Speeds for Progressive Systems

A speed or speeds for which a flexible progressive system is
designed should accord reasonably with what speed studies show
would be the speed of vehicle movement if cross-traflic delays
were eliminated. After drivers have become accustomed to a
progressive system it may be possible to increase the speed with
safety.

High speeds should be avoided, especially in busy urban
districts. Progressive systems along urban arteries are generally
timed for speeds ranging from 20 to 30 miles per hour, although
in outlying areas, under favorable circumstances, higher system
speeds may be desirable. In general, the more heavily used the
artery, the narrower the roadway, the more built-up and busy
the district, the shorter the blocks controlled, the more mixed the
types of traffic, or the more pedestrian and cross-street traffic
there is, the lower should be the design speeds.

The relationship between sjgnal-system design speeds and
official regulations governing speeds must also be given careful
attention.

dD-25 Signs Indicating Timed Speed

Traflic signal speed signs may be erected to guide drivers if
the speed for which traffic signals are set is substantially lower
than speed limits in effect on streets in the signal system.

When signs specified in section 1C-37 are used, they shall be
posted as near as possible to traffic signals and at such intervals
as are necessary to inform traffic properly.

E—TRAFFIC-ACTUATED SIGNALS

Section 3E-=1  Definition

A traffic-actuated sipnal is a type of traffic control signal in
which the operation is varied in accordance with the demands of
traffic as registered by the actuation of vehicle or pedestrian
detectors. Traffic-actuated signals can be classified in three
general categories:

Semi-traffic-actuated signal.—A type of signal in which means
are provided for traffic actuation on one or more but not all of
the approaches to the intersection.
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Full traffic-actuated signal—A type of signal in which meap,
are provided for traffic actuation on all appreaches to the intep,
section.

Traffic-adjusted signal.—A type of signal in which chargp,
teristics of signal display at local controllers in an area or fo
an artery are continuously varied in accordance with the receipg
of traffic low information supplied to a computing master contrg)
by sampling detectors located at typical flow points in the areg

3E-2  Factors Governing Selection of Type of Control

In each of these catepories there are several different types,
and cases to which they are especially applicable (secs. 3E-§
3E-6 and 3E-T7, respectively). In addition, there are specia|
applications such as pedestrian actuation, one-way restricted zong
control (sec. 3B-26), and others.

The variety of types and applications of traffic-actuated contrgl
available makes it essential that a thorough knowledge of traffie
and physical facts be obtained prior to selecting equipment for
installation.

In some instances traffic-actuated equipment has been installed
primarily for the purpose of speed control, either in conjunction
with intersection control or for midblock locations. Traffic sig.
nals are not particularly effective in speed-control applications
and the use of traffic-actuated equipment for this purpose is ac.
cordingly not recommended.

3E-3 Warrants for Intersection Control

When the installation of pretimed signals is warranted, con-
sideration should also be given to the use of traffic-actuated
signals. However, because traffic-actuated signals at intersec-
tions are responsive to rapid fluctuations in traffic conditions
and do not normally delay traffic unnecessarily, it is not advisable
to set values of minimum traffic volumes or other fixed warrants
for their installation. There are a number of factors that should
be considered and weighed before selecting and installing such
signals:

Vehicular volumes—At intersections where the volume of
vehicular traflic is not great enough to warrant pretimed signals,
traffic-actuated signals may be applied if other conditions indicate
the need for traffic control signals and justify the cost of the
installation.

Cross traffic.—When the volume of traffic on the major street
is 80 great as to restrict and jeopardize unduly the oceasional
movement of vehicular or pedestrian cross traffic on the minor
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atreet, semi-traffic-actuated signals may be installed to provide
for assignment of right-of-way to the minor movement. How-
aver, the movement of major-street traffic may be unduly and
ynnecessarily interrupted if traffic on the minor street is heavy
enough to call for the right-of-way at frequent intervals. In such
cases it may be necessary to limit the amount of green time for
the minor street (sec. 3E-5).

Peak-hour volumes—When traffic control signals are required
at an intersection during only a small part of the day, such as
during peak traffic hours, traffic-actuated signals may be installed
if economically justified, since they will not unduly delay traffic
at other times,

Pedestrian Traffie.—When only the minimum pedestrian volume
warrants (sec. 3D-6) for pretimed signals are met, traffie-
actuated signals should be considered. They will delay vehicular
movements only when the streets are in use by pedestrians.

Accident hazard.—When only the minimum accident-experience
warrant (sec, 3D-8) for pretimed signals iz met, use of traffic-
actuated sipgnals should be given eonsideration, as they may lessen
the stops and delays which are commonly associated with ae-
cidents after signalization. Traflic-actuated signals may be eco-
nomically justified at locations where the accident experience is
legs than that warranting pretimed signals, but careful analysis
should be made to assure effective results.

Wide traffic fluctuations betiween strects,—When the relative
volumes of traffic on the entering streets fluctuate widely at an
intersection where pretimed signals arve warranted, full traffic-
actuated control will usually provide the greater efliciency in
intersection operation.

Complicated intersections.—When traffic signals are warranted
at complicated intersections requiring multiple traffic phases, use
of traffic-actuated signals should be given consideration because,
in addition to the usual advantages of traffic actuation, a phase
can be skipped when there is no traffic to use it.

Progressive signal systems.—When the spacing or character
of an intersection in a pretimed progressive signal system is such
that satisfactory progressive timing cannot be achieved, traffic-
actuated control can be employed to advantage (sec. 3E-8).

3E— Warrants for Nonintersection Control

Special conditions at roadway locations other than intersections
may warrant the installation of traffic-actuated signals. Some
of the factors that may justify such installations are:
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One-way restricted zones.—At locations on two-way roadwayg
where traflic can move in only one direction at a time, such as gt
narrow bridges and tunnels, or on construction projects, traffic.
actuated signals can be used effectively. (sec. 3B-26)

Nonintersectional pedestrian crossings.—Pedestrian erossings
concentrated at schools or other major pedestrian crossings where
intersections are a considerable distance apart may justify use of
pedestrian-actuated signals (sec. 3D-6).

The inztallation of signals between intersections for the pur.
poses indicated above should be accompanied by the erection pf
appropriate signs advising the motorists of this special applica.
tion. Immediately subsequent to installation there should be
a period of strict enforcement so that disrespect for signal indiea.
tions will not develop.

3E-5 Semi-Traffic-Actuated Control

Semi-traffic-actuated control is applicable primarily to an inter-
section of a heavy-volume, high-speed traffic artery with a rela-
tively lightly traveled minor road or street. Detectors are
located only on the minor approaches. The signal is normally
green on the major street, changing to the minor street only as a
result of vehicle or pedestrian actuation thereon. In some types
of controls the minor-street green interval is of fixed duration,
which is undesirable. In the more flexible types the duration of
the minor-street green interval is proportioned to the traffic
demand thereon, with provision for a maximum limit beyond
which the green light cannot be retained on the minor street even
when traffic demand thereon is heavy. Upon the expiration of
the required or maximum minor-street phase, the green indication
reverts to the major street, where it must remain for at least a
predetermined minimum interval. At the expiration of this
minimum interval the control is again free to respond to minor-
street actuation. The semi-traffic-actuated control mechanism
receives no actuation from traffic on the major street, and there-
fore may frequently assign the right-of-way to the minor street
at the most inopportune times for major-street traffic. Hence
the effective use of semi-traffic-actuated contrel is limited to
intersections with very lightly traveled minor streets and to
intersections in coordinated systems where major-street progres-
sion can be assured by means of a background cycle (sec. 3E-8).

3E-6 Full Traffic-Actuated Control

Semi-traffic-actuated control does not detect and measure the
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demands of all traffic streams, and full traffic-actuated control
therefore should be selected for intersections where failure to take
all demands into account will materially impair the effiziency of
traffic movement. In full traffic-actuated control, detectors are
installed on all approaches to the intersection. Right-of-way is
aasigned to a street only as a result of one or more actuations on
that street. When there is no traffic on any street, the green
indication will ordinarily remain upon the street to which it was
last assigned, but when one street carries substantially more
traffic it may be more efficient to return the right-of-way to that
street.  In the event of continued actuation on one street, transfer
of right-of-way will be made to waiting cross traffic upon the
expiration of a predetermined maximum period, and then auto-
matically return to the first street at the earliest apportunity.
Thiz opportunity cannot arise until a predetermined minimum
green period on the cross street has expired.

The duration of the green indication for each street under
normal traffic will fluetuate between the prescribed minimum and
maximum wvalues, depending upon the length of time between
actuations on the street having the right-of-way. Under the
more common type of full traffic-actuated control, the right-of-
way will, upon actuations, be immediately transferred to the cross
street if the length of time between actuations on the street
having the green exceeds a predetermined value, and the minimum
period for that street has expired. Hence the right-of-way is
switehed from street to street depending upon the frequency of
gaps in traffic which exceed in length the predetermined time
values for each street. With heavy traffic such gaps are rela-
tively infrequent and the green periods are extended to their
maximums. Under this condition traffic-actuated signal opera-
tion approaches that of pretimed signals,

The traffic-density type of full traffic-actuated control provides
that the predetermined gap interval deseribed above will diminish
during each phase depending upon a number of traffic factors.
Thus the probability that the green period will be terminated
and the right-of-way transferred to the other street is increased
by a thinning out of traffic moving on the green signal, by the
passage of time during which traffic has been waiting on the
red signal, and by the number of cars waiting on the red signal.
These and other factors make the traffic-density full traffic-
actuated control highly sensitive to traffic requirements under
wide ranges of traffic volumes.

Full traffic-actuated control of either type can be applied to
more than two-phase operations. Equipment is available for
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three- and four-phase intersections. Operation of controllers g
such intersections is similar in principle to operation at two-phage
intersections. Opportunity for the right-of-way is accorded iy
the several phases in rotation and phases for which there is ng
traffic demand are skipped. In three- or four-phase controls
provision can be made for allowing additional noninterfering
traffic flows to move during more than one phase. Thus a three.
phase control may handle four or five flows, provided only three
of them are commonly interfering. Pedestrian actuation should
be provided where necessary to assure a minimum green period
of sufficient length for pedestrians or to establish pedestrian
intervals (sees. 3E-9, 3F-7).

JE=T7 Traffic-Adjusted Control

A combination of the advantages of a pretimed flexible progres-
sive signal system and traflic-actuation can be realized by a system
in which a traflic-actuated master controller is used to supervise
gither pretimed or semi-traffic-actuated loeal controllers. Detec-
tors are placed at representative locations in the progressive
system to provide the master controller with information concern-
ing the traffic at those points. The master confroller selects the
cyele and offset combination predetermined to serve best the
directional balance and volume characteristics existing at that
time. The local controllers are connected to the master controller
and operate at any given moment upon the cyele and offset
selected by the master controller,

With traffic-adjusted control, transfer from one timing eombina-
tion to another takes place quickly and with minimum interference
to traffic moving during the changeover., If local controllers are
semi-traffic-actuated, the duration of the minor-street phase
within the selected cycle length is determined by actuations from
detectors installed on the minor street. This system provides
a wide degree of flexibility for effective coordination of traffic
movements, either along a thoroughfare or in a network of
streets.

3E-8 Other Coordinated Control

In addition to traffic-adjusted control there are other applica-
tions of traffie-actuated equipment in coordinated operation of a
series of related signalized intersections, as follows:

Supervisory Dbackground cycle—A supervisory background
cyele can be imposed upon a series of semi-traffic-actuated controls
by a master timer sending out impulses to each semi-actuated
cantroller, or by loeal synchronous-motor contrel at each inter-
section,
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The background cycle and offsets are determined in the same
~manner as for pretimed control to give the maximum travel band
through the area. The function of the supervisory cycle is to
gssure that the local semi-traffic-actuated controllers provide at
Jeast the minimum main-street green interval in a time relation
pest suited to main-street progression. Each semi-traffic-actuated
controller adds to its main-street green interval all time not
reqlliI‘Ed by traffic-actuated demand on the minor street, thereby
pru\rfding the widest possible travel band. One possible disad-
yantage is that such an extended main-street green interval may
seriously overload a subsequent intersection at which eross-traffic
requirements are greater,

The type of operation just deseribed obviously does not have
the same speed-control characteristics as a pretimed progressive
system, and hence should be used only where the consideration of
moving maximum amounts of traffic with the least delay out-
weighs the considerations of speed control.

Special wse in o pretimed progressive system.—A further ap-
plication of traffic actuation in the field of coordinated movement
pecurs in a pretimed progressive system where intersection
spacing at one or more points in the system is such that the best
progressive timing arrangement involves considerable reduction
or displacement in the travel band. Ceomplicated intersections in
a progressive system may also cause difficulties in the progressive
timing. In these instances traffic-actuated control can sometimes
be effectively employed to reduce the ill effects.

Mutual Coordination.—Mutual coordination is the eoordination
of two isolated semi-traffic-actuated controllers located at adjacent
or nearby intersections in such a1 way as to minimize the stopping
of traffic on the main artery. This is done by interconnecting
the controllers so that there is a fixed offset between side street
actuations.

3E-9 Pedesirian-Actuated Control

Oporation of traffic-actuated signals must take into considera-
tion the needs of pedestrian as well as vehicle traffic. This can
be accomplished in the following ways:

1. When pedesirian signals are not warranted in conjunction
with o weaflicsactuated signal installation (see. 3F=2) but where
occasional pedestrian movement exists anid there is inadequate op-
portunity to eross without undue delay, pedesirian detectors shall he
installed. The pedestrian actuations may be handled on the
same basis as vehicle actuations, provided that the minimum
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green interval is adeguats to serve pedestrians. In this case, ng
separate pedestrian signal indications are shown.

2. When pedestirian signals are nol otherwise warranted but 4
pedestrian movement exists which would not have adequate eross.
ing time with the above operation (sec. 3F-2 paragraph 7), pedes.
trian signals and detectors shall be installed and operated ag
presevibed in section 3F-T,

3. When pedestrian signals are warranted and installed in con.
junction with a traffie-actuated signal, the operation should fol-
low the patterns described in section 3F-T7,

JE=-10  Detectors and Controllers

The traffic-actuated signal, as its name implies, responds to
vehicle or pedestrian actuations, and it is necessary that detector
and controller equipment be designed for this service. In this
respect traffic-actuated signals differ considerably from pretimed
signals, which require no detector units and a somewhat simpler
timing mechanism for their control. The general characteristics
of the various types of detectors and controls that have been
developed for use with traffic-actuated equipment are described
below. More comprehensive descriptions and specifications are
contained in standards adopted and published by the Institute of
Traffic Engineers.'’

3E-11 Types of Detectors

Four types of detectors are in common current use:
1. Pressure-sensitive detectors.

2. Magnetic detectors.

3. Radar detectors.

4, Pedestrian push-button detectors,

Other types have been used to a limited degree or are in stages
of development, ineluding

5. Light-sensitive detectors.

6. Sound-sensitive detectors.

7. Infrared-ray-sensitive detectors.

8. Ultrasonie-sound-sensitive detectors,
9. Pneumatic detectors.

Each type has its advantages and disadvantages, and the selec-
tion should be made only after avpraizal of physical and traffic
conditions at the intersection.

17 Trafic Acfuafed Trafic Coulrollers and Deleciors, Techniesl Report Mumber 3, Imstitute
of Traffic Engineers, 1958,
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3E-12  Pressure-Sensitive Detectors

A pressure-sensitive detector is installed in the roadway and
is operated by the pressure of vehicle wheels passing over its
gurface. In general it may be thought of as an electric switeh
which is closed by the pressure of a vehicle wheel. It is capable
of actuation by vehicles traveling at speeds up to 60 m.p.h. but iz
rendered inoperative if a car is stopped upon it. The detector is
embedded in the pavement with the switch unit designed for
removal and renewal as necessary. There are two types of such
detectors:

Nondirectional detectors.—The detector iz operated by traflic
moving over its surface in either direction and has a single
electrical contact.

Directional detectors.—The detector is operated by traffic mov-
ing over its surface in only one direction. Outwardly similar in
appearance to the nondirectional detector, it has two sets of
electrical contacts which are closed sequentially by vehicle passage
and which operate into a special relay unit in the controller
cabinet. This type of detector with its relay unit should be used
whenever a detector may be subject to actuation by vehicles
moving away from the intersection. It is less sensitive to high-
speed vehicles than the nondirectional detector.

3E-13 Magnetie Delectors

Magnetic detectors are actuated by the disturbance of an elec-
trical field eaused by the passage of a vehicle, and are of two
general types, noncompensated and compensated. Both types
respond only to moving vehicles and are consequently not rendered
inoperative or continuously operative by parked cars or other
fixed metal objects within their zone of influence. Both types
require auxiliary units to amplify the very small voltage generated
in their coils by the passage of a vehicle.

Noncompensated detectors.—These detectors are usually in-
stalled in fiber conduit under the roadway surface and have an
adjustable zone of influence up to 10 feet beyond either end of
the detector. As the distance from the detector increases the
sensitivity to slow-moving vehicles decreases, so that at maximum
range only vehicles traveling at more than 12 m.p.h. are detected.
Noncompensated detectors are not recommended for loeations
where a sharp cutoff iz essential or where they are subject to
external electromagnetic influences such as are caused by trolley
buses and power lines,

Compensated detectors.—Detectors of this type involve two
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magnetie circuits and are so designed that their operation is not
affected by extraneous electromagnetie influences. They are eon.
structed for installation in the roadway pavement and are
characterized by a relatively sharp definition of their zone of
influence, usually extending only about 6 inches bevond each engd
of the detector. The best detectors of this type are eapable of 5
high degree of direetional discrimination and can, therefore, he
uged effectively on narrow streets,

AE-14  Radar Detectors

The radar detector is designed for mounting over the roadway
and iz actuated by the passage of a vehicle through its field of
emitted microwave energy. It has limited directional charac-
teristics, and is responsive only to vehieles moving at more than
2 m.p.h. It is not affected by parked wvehiclez or ordinary ex.
ternal electromagnetic influences. Itz amplifying units and relays
are self-contained. It has an adjustable zone of transverse in-
fluence of from 9 to 80 feet at normal mounting height,

3E~-15 Pedestriaon Push-Button Delectors

In addition to detectors for registering the demand of vehicles
approaching an intersection, it is in many instances necessary
that means be provided for registering pedestrian traffic demand,
Pedestrian push buttons are used for this purpose and are
properly regarded as a form of detector. In order to be suitable

for traffic-actuation purposes, a push button must be designed to
withstand rigorous serviece (sec. 3E-25).

3E-16  Adjustment Featuves of Traffic-Actuated Controllers

Traffic-actuated controllers must have a number of functional
adjustments of sufficient range to provide the flexibility necessary
to meet wide and sometimes rapid variations in traffic conditions
at an intersection.

In semi-traffic-actuated control, the green interval is normally
accorded to the major street, being called te the minor street
upon actuation. The green interval for the minor street may
be set for a given duration or mayv have the same initial portion
and extensions deseribed in the following paragraph for full
traffic-actuated control. - The major street does not have actuation,
and its minimum green interval is determined by a minimum-
period adjustment. At the end of this minimum period the green
indication can again be transferred to the minor street in re-
sponse to actuation. The major-street minimum period should
therefore be set with dve regard to expected major-street traflic
conditions.
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In full traffic-actuatéd control the green intervals for all ap-
proaches have an initial period to permit standing traffic to get
into motion, followed by one or more unit extensions, as deter-
mined by the traffic demand. In the event of continued demand
on an approach, with demand on the other street, the green phase
is terminated by the operation of the extension limit. Vehicle-
clearance intervals are provided at the end of every green
interval. For each phase there is a recall switch, making it
possible to require the green to return to that phase in the ab-
gence of actuations. With all recall switches on, the controller
will in the absence of any actuations act as a pretimed control.

All of the features mentioned in this section should be readily
adjustable by calibrated knobs, pins, or dials.

3E-17 Range of Adjustments for Semi- and Full Traffic-Actuated
Control

The range of timing adjustments indicated in table 5 will cover
normal operating conditions for semi-traffic-actuated and full
traffic-actuated signal control. Timing adjustments should be on
the basis of operating conditions at the intersection and should
be periodically checked against actual performance.

Table 5.—Range of adjustments for semi- and full traffic-actuated control

Range of timing adjustments

Semi-traffic- Full traffic-
actuated actuated

Seconds Seconds

Ma}orvsf.rrl:t minimum penod. L r i
Major-street initial period. .

Minor-street initial period. .
Major-atrent unit extenBION. ..o aiver e s vissasnfiat ot ivaies trans
Minor-street umit extension...............c.ooc0iinuen
Major-street extension limit. . ..
Minor-street extension limit. . ..
Vehicle clearance intervalst. ..
Pedestrian walk intervals?. . e
Pedestrian c]enrance |nlermlsi,,.. e A SRS
Recall switches,

1A range beyond the recommended maximum yellow clearance interval is provided to per-
mit use of all-red clearance intervals (see. 3B-23).

1If included.

3E-18 Range of Adjustments for Traffic-Density Control

The foregoing description of adjustments does not include
those for traffic-density types of traffic-actuated controllers.
Properly installed, adjusted, and maintained controllers of this
latter type take account of a number of varying factors in their
assignment of right-of-way. Included are the number of vehicles
arriving against the red light, their waiting time, and the head-
way of vehicles moving on the green light. Adjustment of the
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minimum green time is automatically made with respect to the
number of vehicles accumulated between the detector and the Stop
line prior to the green interval. Some forms of controllers are
capable of operation to facilitate platoon movement. All forms
of traffic-density controllers are provided with specialized timing
adjustments required for their operation. Adjustments for each
phase of a typical two-movement controller of this class are
indicated below:

Range

Minimum green portions .. ... . . seconds.. 5-—(55'0
Number of actuations before minimum green

portion starts to increase ... ... . actuations.. 5-35
Added green portion for each

actuation ... ... ... ........ ... . .seconds.. 1-20
Passage time from detector to Stop

line ... ... .. . .. ... do.... b5-15
Allowed gap between actuations which is affected

by waiting time of cars on other phase . .do... . 10-1
Waiting time which affects above gap ... .do.... 10=90

Allowed gap between actuations which is affected
by number of cars waiting on other phase do .. 10-1
Number of waiting cars which affects above

BAD  wous s S EOmGn e Sue den H cars. . 10-76
Allowed gap between actuations which is affected

by headway of moving cars . ... . . .. seconds. . 10-1
Number of actuations per 10 seconds which

affects above gap . . .. . ...... ..actuations.. 10-75
Platoon carry-over effect ... .. . . _percent.. 10-90
Extension limit .. . . . . ... .seconds.. 10-90
Clearance interval* = .. . ... . . . . . .. do.... up to 10
Recall switeh .. ... ... . o ON-OFF

1 A vange beyond the recommended maximum yellow clearance interval is provided to permit
use of all-red clearance intervals (sec. 3B-23).

3E-19 Special Controller Equipment

The normal adjustment features of a traffic-actuated controller
may not always be adequate to provide necessary or desirable
features for special conditions. In some cases these features may
be added internally and in others an auxiliary controller or timer
is used. Some conditions of this character are as follows:

1. Necessity for pedestrian wWALK and clearance intervals when
pedestrian signals are included.

2. Necessity for an all-red clearance interval following the
normal yellow vehicle clearance interval as might be required at
unusually large or irregular intersections, or in one-way restricted
Zones.
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g, Desirability of utilizing an alternate phasing with certain
combinations of actuations. Such a situation occurs where non-
conflicting left turns move during the same phase and all other
traffic is stopped. When one of these turning movements is not
present. however, it is possible to permit the movement of through
traffic with which it would conflict. This ean be accomplished
with an auxiliary-movement controller, or special overlap relays.

4, Desirability of rendering certain detectors inoperative dur-
ing some phases. In the above case, the through traffic is per-
mitted to move during the left-turn phase only because of the
absence of opposing left-turn traffic in that cycle. Unless the
through-traffic detectors concerned are made inoperative during
the left-turn phase, their actuations would falsely affect the rela-
tive time assigned to the through-traffic phase.

5. Provision for interconnection when a traffic-actuated signal
is loeated within a pretimed progressive system (zec. 3E-8).

6. Provision for emergency features as might be required in
conjunetion with railroad crossings, emergency vehicles, civil
defense, ete. (z2ecs. 3B-25, 3B-27).

3E-20 Installation of Traffic-Actuated Signals

The installation of signal heads and controllers and of traffic-
actuated signals involves the same considerations as those de-
seribed in Sections 3B-1 to 33, which are applicable to all types
of signals. However, since adjustments of the various control
settings are frequently made in the field, it is particularly de-
sirable to position the controller with a clear view of the ap-
proaches and with the controller cabinet door away from the
intersection.

Details of the loeation and installation of wvehicle detectors
(secs, 3E-21 to 24) deserve special explanation because of their
importance to the efficient and reliable operation of traffic-actuated
signal equipment.

3E-21 Location of Vehicle Detectors for Semi- and Full-Traffic-
Actuated Control

The placement of vehicle detectors in relation to the Stop line
should be determined only after careful study and consideration
of a number of factors, including type and operating character-
istics of the controller, approach speed of vehicles, grade and
width of the roadway, visibility, driveways, and channelized turn-
ing lanes. With conventional full and semi-traffic-actuated con-
troller equipment under average conditions, table & will provide
a basic guide subject to considerations discussed below.

The distances shown in table 6 are for a one- or two-lane
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approach at a level grade. With a wider roadway and with up.
restricted visibility these distances may be increased if desired by
10 to 15 percent.

Where an intersection includes a channelized approach ang
separate turning lanes, certain detector spacings may have to be
relatively short, due to limitations imposed by the length of the
turning lane, the lower speeds of turning vehicles, and the neeq
to avoid false actuations.

Table 6.—Placement of detectors in relation to other factors

| Approximate Approximate
83-percentile speed of Distance from Stop | minimum mininmum
approaching traffic line | initial unit
| period 1 extension |
o 1 1

RUSTRN Feet Seconds Seconds
Less tham 20.........c.0vu. D0 e i e vimtid e 11 4
T e—— L, o ek o e it A 0 8.0 15 {
SO0 e T s e S AP T e 18 4
Overd0...............c.oo...| 2I00r more. ................ 23 1

”l‘llle sum of the initial period and one unit extension is the minimum green period dis-
played.

The last two columns in table 6 indicate the approximate mini-
mum dial settings that should be used for the various detector-to-
Stop-line distances. These mihimum wvalues will insure that
vehicles actuating 4 detector get a green indication until the
maximum limit for green time on that approach has been reached.
A short spacing permits use of lower values for these settings,
which result in quick responding control. A longer spacing, on
the other hand, permits the controller to react to a vehicle farther
away, and sometimes avoids an unnecessary stop by providing or
extending the green period before the vehicle reaches the stop
line.

3E-22 Locating Vehicle Detectors Near Commercial Driveways

If commerecial driveways exist not too far from the normal
detector locations, it is frequently possible to obtain satisfactory
results by departing somewhat from the distances given above.
However, if the driveway is relatively close to the Stop line, it
is advisable to install a special detector which will be traversed
by a vehicle leaving the driveway. This detector should be a
“calling detector” which operates only during the red phase.
This arrangement permits the controller to funetion normally on
the “running” detector, yet still assures that driveway traffic can
call the right-of-way if no other traffic is present. Due to the
extremely light traffic using driveways of single-family residences,
special detectors are usually not provided for them,
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3E-23 Location of Vehicle Detectors for Traffic-Density Control

For traffic-density type controllers, it is essential that relatively
long distances be used between detector and Stop line, since these
controllers derive much of their efficiency from their ability to
receive information on approaching traffic as early as possible.
For normal roadway and traffic conditions, the distances shown
in table 7 have been found satisfactory.

Where the greatest platoon-movement effect is desired, the
detector spacings on that street should be increased about 20
percent.

3E-24 Location of Vehicle Detectors from Centerline

Pressure-sensitive and compensated magnetic detectors should
be placed transversely in the roadway so that all vehicles ap-
proaching the intersection will cross them with one or more
wheels,

The pressure-sensitive detector nearest the centerline of the
road should be located with its end about 3 feet from the center-
line. If it is impossible to do so and still avoid unwanted
actuations by some cars moving away from the intersection, a
directional detector should be used (pressure-sensitive, compen-
sated magnetic, or ultrasonic). On multilane approaches or one-
way streets it is ordinarily necessary that a detector be placed
in each lane, with no more than a 4-foot gap between detectors.
It should be noted that volume-density controllers can in some
cases be operated effectively with detectors only in selected lanes
on each approach.

Transverse placement of the compensated magnetic detector is
approximately the same as for the pressure-sensitive detector,
bearing in mind that the former has a cutoff point that extends
about 6 inches out from each end.

Table 7.—Placement of detectors for traffic-density control

8i-percentile speed of approaching traffic Distance from Stop line
M.p.h, Feet
20-30. . ... - : . amai & . ; 240,
B0 i e SRR SN 270,
4050, ... 5 6 . v 320,
Over 80........ R . AP AR R R R 375 or more.

The noncompensated magnetic detector, when adjusted for
maximum coverage, does not have a sharp cutoff point. Unless
very wide coverage is desired, the recommended location is 6 to
12 inches beneath the pavement, under the path normally traveled
by the right wheels of the vehicle. This type of detector is not
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well adapted to a situation where detection must be restricted
one lane,

The radar detector may be mounted from the minimum heighy
allowed by law for overhead clearances (frequently 141% feet)
a maximum of about 17 feet. When sharp definition is required,
the minimum possible height above grade should be used.

3E-25 Installation of Pedestrian Detectors

Pedestrian detectors of push-button or other types shall he
designed to operate on a cirenit not 1o exceed 18 volts.  They
may be mounted on signal standards, wood or steel poles, or
individual posts. They should be conveniently located near each
end of crosswalks used to cross the intersection. A mounting
height of 3% to 4 feet above the sidewalk has been found best
adapted to general usage. Permanent-type signs (sec. 1B-36)
should be mounted above or in unit with the detectors, explaining
their purpose and usze. Where two crosswalks, orviented in dif-
ferent directions, end at or near the same location, the positioning
of pedestrian push buttons should clearly indicate which cross-
walk iz actuated by each push button.

Special-purpose push buttons to be operated only by authorized
persons should include a housing capable of being locked to pre-
vent access by the general public, Instruction signs are not
necessary in this case.

3E-26 Operation and Characteristies of Traffic-Actuated Signals

With all types of traffic signals it is necessary that appropriate
equipment be installed to meet traffic requirements at a given
location. Assuming the availability of such equipment, it is still
necessary to adjust and operate the equipment as nearly as pos-
sible in aceordance with the needs of traffie.

Continuing adjustment in the operation of traffic-detuated
equipment is essential to efficient traffic contrel because of the
numerous timing intervals and adjustment features which are
instantaneously sensitive to traffic actuation. Traffic-actuated
equipment is ugually adjusted or modified by relatively simple dial
controls requiring no cessation of operation, special tools, or shop
work. However, the interrelationship between these dial controls
and timing intervals is delicate and complex and must be carefully
maintained for efficient traffic contrel. Therefore, trained and
experienced supervision of the operation and adjustment of
traffic-actuated equipment should continue beyond the initial in-
stallation and adjustment period.

The number and range of the possible adjustments and a
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deseription of their meanings are to be found in sections 3E-17
to 19 and 3E-27 to 29.

3E-27 Continuous Operation

Since traffic-actuated signals which are properly adjusted
operate effectively in periods of light traffic and tend to cause a
minimum of unnecessary delays, they should normally be operated
at all times as stop-and-go devices. However, they may be placed
on flashing operation because of certain special circumstances
such as:

1. During breakdowns, repairs, or maintenance,

2, In conjunction with nearby pretimed signals on flashing
operation.

3. Upon preemption by a railroad-crossing protective signal.

3E-28 Time Intervals and Adjustments

Greatest efficiency is obtained from traffic-actuated eguipment
only with careful adjustment of the various features provided.
This often requires some frial and experimentation after the
installation has been made, and it is recommended that only a
qualified person make these adjustments (sec. 3E-26).

Controllers other than traffic-density type

The following may be used as a general guide to the proper
setting of traffic-actuated controllers of other than the traffic-
density type.

Major-Street Minimum Period.—In semi-traffic-actuated equip-
ment this setting determines the major-street green interval. It
should be selected in relation to the minor-street extension limit
in the same manner in which pretimed signal phases are propor-
tioned. It is normally not less than 20 seconds.

Initial Period.—The initial period plus one unit extension is
the minimum green period on actuated phases. It will be given
to one or more vehicles waiting at the intersection at the start of
the green. The minimum green period must be adequate to clear
the maximum number of vehicles which can stand between the
detector and the Stop line. The initial period is normally not less
than 7 seconds.

['nit extension.—This is the green interval provided for each
vehiele as it passes the detector and should be determined by the
passage time from detector to Stop line for the slowest vehicle
common on the street. This adjustment also determines the
length of gap which, if exceeded, permits the right-of-way to be
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transferred to the other street. It is normally set at a value of
3 to 6 seconds.

Extension limit.—The extension limit terminates the gresp
phase only when continuous traffic prevails and ecross traffie
waits. When traffic becomes very heavy on both streets, the
signal operates in effect as a pretimed signal, and the extensiop
limit determines the proportion of time to be allotted to each
street and establishes a ecyele length as well,

Clearance interval.—The clearance interval is set at a valye
that will permit traffic to come safely to a halt when a red signa|
is displayed. The vehicle elearance interval shall he not less than
3 seconds. Where conditions warrant a clearance interval ex.
ceeding 5 seconds, it should be broken into a yellow clearance
interval of 3 to 5 seconds and an all-red interval (sec. 3B-23).

Pedestrian interval and pedestrian cleavance interval.—These
settings should conform to the recommendations of seetion 3F-7.

Reeall switeh.—This feature requires the right-of-way to revert
to the street selected whenever the unit extension or extension
limit is exceeded on the opposing phase. It may be used to assure
a rotatiopn of right-of-way when one or more detectors are in-
operative.

Two-phase traffic-density controllers

The following adjustments are unique to two-phase controllers
of the traffic-density type. Multiphase controllers of this type
have some but not all of the adjustments listed.

Minimum green, added green, and number of actuations—With
traffic-density equipment the minimum-green portion is set at a
low value which will eonstitute the shortest green phase possible
under extremely light traffic.  The interval is increased from this
value by the amount set on the added-green adjustment for each
car which arrvives on the red phase in excess of a number set on
the number of actuations before minimum green starts to in-
crease adjustment, The three adjustments should be so set
that sufficient green will be available to clear the maximum num-
ber of vehicles which can be stored between the detector and
the Stop line.

Passage time.—This setting is analogous to the unit extension
discussed above. It should be set at a value sufficient to allow a
car to travel from detector to Stop line at the prevailing speed
on the street. Aectuationz received during the passage time im-
mediately preceding the termination of a green phase are treated
by the controller as if received on the red phase.
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Allowed gap and weiting time.—~—These settings together deter-
mine the low walue to which the unit extension on the green
phase will reduce and the amount of time after the first cross-
street actuation before this value is reached,

Allowed gap and number of wailing ecars.—These settings have
the same effect as those above except that the unit extension is
reduced by the number of waiting cars rather than time,

Allowed gap and actuations per 10 seconds.—These settings
enable the controller to react to the increase in headway or
vgtraggling” of vehicles moving on the green phase. These set-
tings together determine the low limit to which the unit extension
for a phase will reduce and the frequency of actuation on that
phase which will cause this reduetion to take place.

Platoon carry-over.—This feature adds to the count of number
of ears waiting on the red phase the selected percentage of the
actuations received during the preceding phase. This acts to
reduce the unit extension on the opposing green phase more
rapidly and thus favor the first street during heavy traffic periods.

fteecall switeh—The recall on traffic-density equipment differs
from that previously deseribed in that the right-of-way will revert
to the street selected only if a gap exceeding the passage time
oceurs on the opposing green phase.

3E-29 Sequence of Intervals and Phases

The sequence of intervals with traffic actuation is determined
by the demands of vehicles and pedestrians, With simple two-
phase operation the various color sequences are provided in fixed
order as the controller responds to the actuation on the two
streets. While the sequence of intervals is always the same, the
duration of intervals is governed by traflic demands.

Traffic-actuated controllers can be provided with means so
that actuation or absence of actuation will cause skipping, split-
ting, or initiating of intervals for speeial purposes, such as for
pedestrians and left-turn movements. Such installations require
thorough engineering in order to obtain effective operation
through skillful layout and timing of sequences,

The length of pedestrian and vehicle clearance periods shall
he adequate for all possible sequences of phases.

F—PEDESTRIAN SIGMNALS

Section 3F=1  Definition

Pedestrian signals arve traffic signals erected for the exclusive
purpose of directing pedestrian traffic at signalized locations.
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3F-2 Warranis

Pedestrion signals shall be installed in conjunction with vy,
hicular traflic signals already meeting one or more of the minimuy,
warrants previously set forth for pretimed or iraffic-actuated ﬁig,
nals (secs. 3D-3 to 95 3E-3. 4), under any of the following
conditions:

1. When a traffic signal is installed under the pedestrian volume
warrant (sec. 3D-6).

2. When pedestrians and vehicles move during the same phase
and properly adjusted pedestrian clearance intervals are needed
te minimize vehicle-pedestrian conflicts.

3. When an exclusive phase is provided or made available for
pedestrian movement in one or more directions, all vehicles being
stopped.

4. When heavy vehicular turning movements require a semi-
exclusive pedestrian phase for the protection and convenience of
the pedestrian.

5. When pedestrian movement on one side of an intersection is
permissible while through vehicular traffic is stopped to protect
a vehicular turning movement on the other side of the inter-
section.

G. When an intersection is so large and complicated or a street
so wide that wehicular sipnals would not adequately serve
pedestrians.

7. When the minimum green intervals for vehicles at intersec-
tions with traffic-actuated controls is less than the minimum cross-
ing time for pedestrians and equipment is provided which extends
the vehicular green time upon pedestrian actuation.

8. When multiphase or gplit-phase timing would tend to confuse I
pedestrians guided only by vehiele signal indiecations.

9. When pedestrians cross only part of the street, to or from |
an island, during a particular phase.

3F=3 Type of Control

The control of pedestrian signal indications may be accom-
plished with the timing mechanism normally emploved with
traffic signals, in which case the pedestrian phase or indication
is given at a predetermined point during each eycle; or the control
may be such as to permit the use of a push button to introduce
the pedestrian phase or indication in accordance with the needs
of pedestrian traffic. )

As a general rule, the installation of pedestrian signals at non-
intersectional locations is to be avoided. However, when such
signals are required (by conditions such as listed in sec. 3E-4),
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the pedestrian-actuated type of control, coordinated with ad-
jacent signals, should be employed.

3F—=4 General Design Requirements

Pedestrian signal indications should attract the attention of
and be clearly readable or understandable to the pedestrian both
day and night and at all distances from 10 feet to the full width
of the area to be crossed.

All pedestrian signals shall be rectangular in shape and shall
contain the lettered messages WALK and DONT WALK. The
two basic types described below and shown in figure 3-4 are
approved as standard for pedestrian signals:

Gas-Filled Tubing Type—The letters shall he at least 414 inches
in height and shall be in two lines. The WALK indication shall
be green and the DONT WALK shall be red. The messages
shall consist of (a) gas-filled formed tubing, or (b) eut-out letters
illuminated by gas-filled tubing.

Incandescent type—The letters shall be at least 3 inches high.
The WALK and the DONT WALK indications shall be in separate
signal sections. The WALK lens shall be white glass meeting
the latest standards of the Institute of Traflic Engineers'®, with
either (a) all except the letters ohseured by an opagque material,
or (h) an opaque band at least 53§ inches high aeross the center
of the lens obscuring all except the letters and a band of
white at the top and bottom. The DONT WALK lens shall be
orange glass, meeting the latest standards of the Institute of
Traffic Engineers above cited, with all except the letters obscured
by an opaque material,

Wherever a WALK indication is provided there shall also be
provision for a DONT WALK signal indication, Particular care
should be given to the design and construction of the gas-filled
tubing type of signal so that in case of an electrical or mechanical
failure of the word DONT, the word WALK will also remain dark.

All pedestrian signals within one intersection shall be of the
same approved type.

Former editions of this manuoal have authorized the message
WAIT as an alternate to DONT WALK. WAIT is believed, however,
to be less readily understood by pedestrians and is too easily
mistaken for WALK. It is therefore deleted as a permissible
standard.

U8 In preparation, to be available In 1061,
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I. GAS-FILLED TUBING TYPE
FORMED LETTER DESIGN

{red)

CUT-0OUT LETTER DESIGN

letter height

2. INCANDESGENT TYPE

=

WALK

< Tm—

2" minimum
letter height

{white)

Figure 3-4. Pedestrion signol design standerds.
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3F=5 Meaning of Indications

The meanings of pedestrian signal indications are as follows .

waLK.—While the WALK indication is illuminated, pedestrians
facing the signal may proceed across the roadway in the direction
of the signal and shall be given the right of way by the driveps
of all vehicles.

DONT WALK.—While the DONT WALK indication is illuminated,
gither steady or flashing, no pedestrian shall start to cross the
roadway in the dirvection of the signal, but any pedestrian who
has partly completed his erossing during the WALK indication
ghall proceed to a sidewalk, or to a zafety island if one is
provided.

3F=6  Loeation

| Pedestrian signals shall be mounted with the bottom of the signal
~ not less than 7 feet nor more than 10 feet above the sidewalk level
and so that there is a signal in the line of vision of pedesirians
crossing in any direction.

The DONT WALK indieation shall be mounted direetly above
or integral with the WALK indication.

Pedestrian signals may be mounted separately or on the same
support with vehicular signals. When mounted with vehicular
signals there shall be a physical separation between the two signal
groupings. Where feasible, the vehicular signal should not be
directly visible from'the start of the delineated crosswalk. The
pedestrian signal head shall be so positioned and adjusted as to
provide maximum visibility at the start of the controlled crosswalk,

Signals installed at nonintersectional erossings shall follow the
usual location standards for both pedestrian and vehicular signals.

Pedestrian-actuated signals shall have a push-button deteclor
31 1o 4 feet above the surface of the sidewalk at each end of
the crosswalks where actuation is required and on any island
or median where a pedestrian may otherwise hecome stranded.
A permanent-type sign explaining its use shall accompany each
push-button detector (sees, 3E-25, 1B-36).

3F=-7 Operation

Pedestrian indications shall be steady burning except during
the pedestrian clearance interval, when the DONT WALK may
be Mashing. When traffic signals at the intersection are on stand-
ard flashing operation, pedestrian signals shall be extinguished.

There are several ways in which pedestrian signal intervals
can be combined with wvehicular signal intervals. Four basic
combinations are described as follows:
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Combined pedestrionn-vehicular phase.—Signal phasing whereip
pedestrians may proceed to use certain crosswalks parallel to the
through vehicular movement and wherein vehicles are permitteq
to turn across the said crosswalks.

Semi-exclusive pedestrian-vehicular phase—Signal phasing
wherein pedestrians may proceed to use certain erosswalks with
parallel or other vehicular movements, but wherein vehicles are
not permitted to turn across these crosswalks during the pedes-
trian movement.

Leading pedestrian phase—Signal phasing wherein an exclu-
sive pedestrian phase, in advance of the minor-street vehieular
phase, is provided for pedestrians erossing the main street only,

Exclusive pedestrion phase—Signal phasing wherein pedes-
trians may proceed to cross the intersection in any direction
during an exclusive phase while all vehicles are stopped.

In the operation of pretimed signals, when the minimum WALK
interval plus the pedestrian clearance interval is greater than the
interval necessary for vehicular traffie, the pedestrian interval
shall govern and the vehicular interval shall be adjusted accord-
ingly.

Vehicle-actuated signals may provide for pedestrian signal
intervals timed as a normal part of the corresponding green
interval for vehicles. If the minimum vehicle interval is not of
suflicient length to accommodate a pedestrian WALK and clearance
interval, an additional interval for pedestrians shall be provided.
This interval includes a WALK interval and pedestrian clearance
interval of adequate duration and shall be activated only by
pedesteian actuation.  In the absence of a pedestrian actuation
this interval is skipped and the poNT WALK indication remains,

Under normal conditions, the minimum WALK interval shall
not be less than 7 seconds, so that pedestrians will have adequate
opportunity to leave the curb, and in some casez complete the
crossing, before the clearance interval is shown. However, the
WALK interval itself need not equal or exceed the total crossing
time ecalculated for the street width, as many pedestrians will
complete their erossing during the clearance interval,

A pedestrian elearance interval shall always be provided. The
duration shall be sufficient to allow a pedestrian erossing in the
crosswalk to leave the eurb and travel to the center of the farthest
traveled lane hefore opposing vehicles receive a green indication.
(Normal walking speed is assumed to be 4 feet per second.) On
a street with a median at least 4 feet in width it is necessary
to allow only enough pedestrian elearance time on a given phase
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to clear the crossing from the curb to the median. In the latter
case, if the signal is pedestrian-actuated, an additional detector
may be required on the island (sec. 3F-6).

G—SPECIAL TRAFFIC SIGMALS

Section 3G=1 Types of Special Traffic Signals

Special traffic signals include:

1. Flashing beacons.

2, Lane-direction-control signals.
3. Traffie signals at drawbridges.

Flashing Beacons

Section 3G=2 Definition and Application

A flashing beacon is a section of a standard traffic signal head
or a similar-type device having a yellow or red lens in each
face, which is illuminated by intermittent flashes.

Flashing beacons perform a useful function at locations where
traffic or physical conditions do not justify conventional traffic
signals. At other special points of hazard, experience has in-
dicated that the flashing beacon is effective in calling the at-
tention of drivers to these locations.

3G=3 Warranis

Flashing yellow beacon.—The installation of a flashing yellow
beacon may be warranted as an advance warning device for an
intersection or other location under one or more of the following
conditions

1. Physical obstruction existing in the roadway.

2. Important interseetion hidden by an obstruction or sharp
curve in the highway.

3. Hazardous horizontal and vertical alinement.

4. Special hazard or traffic regulation.

Flashing red and yellow beacon.—The installation of a flashing
beacon at an intersection with yellow flashing on the main street
and red flashing on the side street or streets may be warranted
by one or more of the following conditions:

1. At intersections where sight distance is extremely limited or
where other conditions make it especially desirable to emphasize
the need for stopping on one street and for proceeding with
caution on the other. This type of installation is effective atl
intersections where approach speeds are in excess of that war-
ranted by conditions, and drivers need more notification than
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can be provided by the use of standard or oversize Stop signs, by
Stop signs and Advance Warning signs, or by Advisory Speed
signs (secs. 1B-5, 10-10, 1C-36).

2. A serious concentration of accidents susceptible of corree.
tion by the cautioning or stopping of traffic.

3G6—=1 Types of Control

A flasher device, usually installed in a separate housing remote
from the beacon, is used solely to provide intermittent illumina.
tion of the beacon lens or lenses.

3G-5 Design

Flashing beacon units and their mountings shall follow the
general design specifications for standard traffic signals, which
include the following essentials:

1. Each signal unit lens shall have a visible diameter of not
less than 8 inches.

2. The illuminating element, lens, reflector, and visor shall
each be of such design as to render the lens when illuminated
clearly visible to traffic facing the signal at all distances up 1o
1000 feet under all atmospherie conditions except dense fog,

3. The color of the lens shall be red for stop or yellow for
caution, in aceordance with Technical Report No. 1 of the Insti-
tute of Traffic Engineers.’?

All flashing contacts should be equipped with filters for sup-
pression of radio interference,

3G-6 Localion

The particular purpose of a flashing beacon should largely gov-
ern its location with respect to the roadway and the hazard or
other condition warranting the beacon. If used alone and lo-
cated at the roadside, Aashing beacons as measured from the bot-
tom of the signal head should be at least 8 feet above the
pavement. If suspended over the roadway, the clearance above
the pavement should not be more than 17 feet or less than 15 feet.
In no case should they be mounted on pedestals in the roadway
unless the pedestal is within the confines of a traffic or pedestrian
island.

3G=7 Operation
The illuminating element in a fashing yellow (caution) or
flashing red (stop) beacon shall be flashed at a rate of not less

1 Adjustable Feee Trafie Control Signol Head Standords, Technicnl Report Moo 1. Hevised
1968, Institute of Trafie Engineers, 2029 K Street, N.W., Washington 6, D.C.

224



(han 50 nor more than 60 times per minute. The illuminated
riod of each flash shall he not less than half and not more than
pwo-thirds of the total eyele.
Flashing beacons generally should be operated continuously
throughout the 24 hours of the day.

Lane-Direction-Contrel Signals

Seetion 3G  Definition and Application

Lane-direction-control signals are traffic signals used to indicate
and control the direction of traffic movement on individual lanes
of a street or highway. These installations are distinguished
by signal units over each lane of the roadway; supplementary
signs are often used to explain their meaning and intent. The
most common use of lane-direction-control signals is for reversible
lane control and details of this applieation follow (zecs. 3G-9 to
14).

3G9 Design

Lane«direction-control signals shall have one face for each
direction of the traffic flow. Each face controlling a lane where
the reversible system is in operation shall incorporate a distinetive
rectangular signal unit (or units) of adequate size so that the
signal indication is at all times clearly visible for 1,000 feet under
all atmospherie conditions exeept dense fog.

The signals shall have a downward pointing green arrow and
a red X symbol iluminated on an opaque background (fig. 3-5).
Ilumination of signals can be by incandescent lamps or gaseous
tubing,

Mountings shall permit the signals to he suspended over lanes
on eable or fixed supports,

Figure 3-5. Typical lono-direction-contral sigral wnits.
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SG=10  Meaning of Indications
The meanings of lane-direction-control signals are as follows:

Downward-pointing green arrow.—A driver facing this i
dication is permitted to drive in the lane over which the arrow
signal is located. Otherwisa he shall obey all other traffie cop.
trols present and follow normal safe driving practices.

Fed X symbol.—A driver facing this indication shall not drive
in the lane over which the signal is located, and this indieation
shall modify accordingly the meaning of all other traffic contirols
present. The driver shall obey all other traflic econtrols and
follow normal safe driving practices.

JG-11 Warrants for Heversible-Lane Operation

The direction of flow of wvehicular traffic lanes should be re-
versed only when competent engineering study shows not only
that there is the need for reversible traffic flow, but also that the
planned operation can reasonably be expected to operate safely
and efficiently. Although warrants for reversible-lane control
may be met, local conditions and experience may influence the
decision as to their usage. Reversible-lane-control operation may
be warranted:

1. When vehicular traffic flow in one direction on a two-way
street, highway, bridge, or tunnel having three lanes or more
shows the following characteristics:

(a) Congestion.—A street or highway can be said to be con-
pgested if the average speed of vehicles during peak periods de-
creases by at least 25 perecent over normal period experience,
or if there iz a noticeable back-up at signalized intersections, so
that most wvehicles miss completely one or more green signal
intervals. TUnder these conditions ealeulations will show a traffie
demand in excess of rated capacity, Reversible traffic flow has
been especially successful on routes where there is a high per-
centage of commuter traffie,

(b) Periodieity of congestion.—Since traffic lanes ave usually
reversed at a fixed time each day, the periods during which con-
gestion occurs should be relatively stable and predictable,

(c) Suitable ratio of dirvectional traffic velumes.—Reversing
the direction of a lane requires that the additional capacity for
the heavy direction be taken from the traffic moving in the op-
posite direction. Caleulations of volumes per lane, based on a
traffic count of all movements, will determine whether the num-
ber of lanes in the counter direction can be reduced, how many
lanes shall be allocated to each direction, and the times at which
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the reversal should begin and end. Usually volume ratios of 66
to T percent in the predominant direction are taken as a basis
for instituting reversible lanes.

(d) Capacity at access and egress points.—It is extremely
important that there be adequate capacity at the terminal points
of the reversible-lane system, with an easy transition of vehicles
petween the normal and reversed lane conditions. Installation of
a reversible system with insufficient terminal capacity may result
in an aggravation of the traffic problem and a waste of public
funds.

2. When traffic movement at toll-booth areas requires reversal
in direetion of traffic flow for efficient operation.

3. When traffic movement in one direction at an entrance or
exit of a parking lot at an industrial plant, stadium, shopping
cemter, or similar facility greatly exceeds the capacity of the
traffic lanes alloeated for handling balanced traffic flow.

4. When a heavy traffic movement is slowed down and con-
gested on a long uphill grade of a three-lane roadway because of
glow-moving commercial vehicles traveling up the hill, thereby
warranting the use, at times, of two lanes for uphill and one
lane for downhill movement.

5. When temporary road conditions reduce the number of
lanes normally available to handle traffic movement, even though
it is extremely unbalaneed at various periods of the day.

3G-12 Types of Control for Reversible-Lane Operation

The type of control provided for reversible-lane operation
ghould be such as to permit either automatic or manual operation
of the lane-direction-control signals, The control mechanism
should permit the illumination of the red indications in both
directions in the same lane for those lanes where the traffic flow
is subject to being reversed. The possibility of an erroneous
indication of green in both directions in the same lane should be
avoided by wiring the green indication so that it can be illum-
inated only when the red indication shows in the opposite
direction.

3G-13 Loeation of Signals for Reversible-Lane Operation

A lane-direction-control signal head with a face for each diree-
tion of reversible traffic to be controlled shall be located over
the center of each reversible lane of the roadway at the beginning
and end of the lane-controlled seetion. Confirming lane-direction-
control signals over other lanes are optional. If the area to be
controlled is more than 1,000 feet in length, or if the vertical
or horizontal alinement is curved, intermediate gignal indications
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shall be placed over each reversible lane at frequent enough
intervals so that motorists will at all times be able to see at leag
one indication and preferably two (due to the possibility of 5
burnout of a single indication) along the roadway, and will haye
a definite indication of the lanes ﬁpcciﬁcn]l}r reserved for theip
use. Al the terminal and intermediate signal installation poingg
on the lane-controlled sections, signal indications above the pre
versible lanes shall be located in a transverse straight line at righ
angles with the roadway alinement. On roadways having inter.
sections controlled by traffic signals, these lane-control indications
ghall be placed sufficiently far in advance of or beyond such traffic
e.iguala to prevent them from being misconslrued as traffic control
signals. The use of twelve-inch traflic signal lenses may also aid
in distinguishing the two types of signals (sec. 3B-6),

3G=14 Operation of Reversible-:Lane Signals

All reversible-lane-control signals shall be coordinated and wired
to a master control which will operate so as to permit signal
indication faces for each direction in any of the reversing lanes
to change from red to green or from green to red, except that
the showing of green in both directions over the same lane shall
be guarded against by electrical interlock. It also shall be poe.
sible to show a red indication in both directions in any of the
lanes subject to reversing traffic flow. This latter feature permits
the establishment of a neutral area or safety zone during the
changeover period. The transitional interval, when both dirvec-
tions have a red indication, should be of sufficient length to
minimize the hazard of opposite-direction conflicts on the re-
versible lane or lanes. The changeover should normally be
made during a period of light traffic, but in an emergency traffic
situation it can be made at any time.

The signals shall be operated continuously (sec. 3B=21).

Traffic Signals at Drawbridges

Section 3G-15 Application

Signals installed at drawbridges to control wvehicular traffic
are a special application of highway traffic signals.

3G=16 Warranls

Traffic signals shall always be used in conjunction with draw-
bridge gates. They should also be used with other types of
protection commonly employed at drawbridges.
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3G-17  Design PHOENIX, ARIZONA

The traffic signal heads and mountings shall follow the standard
design specifications ol tratne signals. Urawbridge signals may
pe supplemented with bells which operate with the red signal
indication to provide additional warning to drivers.

If prevailing approach speeds are in excess of 25 miles per
hour, signal heads with 12-inch lenses and with 100-want lamps
or larger shall be provided (see. 3B-6).

Where physical conditions prevent a driver from having a
continuous view of at least one signal indication for approximately
10 seconds before reaching the Stop line, an auxiliary signal lo-
cation shall be used to provide this visibility. If physical con-
ditions make it impossible to provide any location which can be
geen for 10 seconds in advance, a fAashing yellow beacon (secs.
3G=2 1o 7) or a Signal Ahead sign (see. 10-16) shall be erected
in a suilable position to warn approaching traflic,

A flashing yellow beacon utilized in this manner may be inter-
connected with the drawbridge signal controller in such manner
as to flash yellow during the period when drivers passing this
unit at legal speed for the roadway section will encounter a red
signal upon arrival at the signalized drawbridge approach.

3G=18 Location

Traffic signals shall be located at hoth ends of the movable
span. To assure positive visibility two signal heads shall be
mounted on each approach to the movable span, Their location
should conform insofar as practicable with the standards for
other signals (sec. 3B=12), except that one signal should be at
the left zide or over the left half of the roadway. They should
ordinarily be not less than 50 feet nor more than 100 feet in
advance of the movable span.

3G=19 Operation

Trafhc signals at deawbridges shall be interconnected with the
drawbridge gates, and, if feasible, with other signals on the same
sireet or highway within 500 feet of the bridge. Not less than
15 seconds before the gates are closed, the signal shall change from
green to yellow o red. While the gates are closed and the draw
is open, the signals shall show a continuous red.  After the draw
is closed and the gates are opened, the indieation shall change
to a steady green and remain so until the next bridge opening.

If the drawbridge is close to a railroad grade erossing and
there is a possibility that traffic may be stopped on the railroad
crossing as a result of the bridge opening, a supplementary traffic
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signal may be required at an intersection on the approaches
near the grade crossing. In this event extreme care should be
used in planning the signal layout and operation so as to avojg
the ereation of confusion and hazard to motorists, either at the
drawbridge or at the grade crossing. Normally such instal.
lations should be interconnected to provide eoordination in signg|
indications under a given set of conditions. Other factors af.

fecting railroad-highway grade crossings are presented in see,
3B-25.

H—=TRAIN-APPROACH SIGNALS AND GATES

Section 3H-1  Railroad-Highway Grade-Crossing Protection

At railroad-highway grade crossings where studies indicate
the need of protection bevond that provided by signs, signals
should be installed which indicate the appreach and passage of
trains. The signals may be supplemented by gates which extend
across the lane or lanes of the approaching traffic while trains
are approaching and occupying the crossing. The following sec-
tions apply only to sipnals and gates of the automatic type.

Where traffic signals are located at intersections in close prox-
imity to the train-approach signals, particular attention must
be given to the coordination of the two installations. (=zec. 3B-25).

3H-2 Classifieation and Definitions

Railroad-highway grade-crossing signals are classified as flash-
ing-light or wipwag signals, but both types should not be used
at the same crossing.

A flashing-light signal is a signal in which indication of the
approach of a train is given by two horizontal red lights flashing
alternately at predetermined intervals,

A wigwag signal is a signal in which the indication of the
approach of a train is given by a horizontally swinging disk and
a red light enclosed in the disk.

A ratlroad-highway grade-evossing auwtomatic gate is a deviee
which, when indicating the approach and passage of a train,
presents toward the highway in both directions the appearance
of an arm being lowered to or in a horizontal position, and ex-
tending over the traveled roadway a sufficient distance to cover
the lanes used by traffic approaching the erossing.

A No Right Turn or No Left Turn signal is a device which,
when indicating the approach and passage of a train, presents
the aspect of an illuminated sign bearing the legend NO RIGHT
TURN or NO LEFT TURN, surmounted by a flashing yellow marker
light.
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3H--3 Warrants

Automatic signals or automalic signals and gates of the type
deseribed herein shall be installed at railroad-highway grade cross-
ings where a study of the erossing by competent engineers indicates
a need for advance warning of the approach of trains. This
assembly of devices shall be used for no other purpose.

When a highway adjacent to and approximately paralleling a
railroad intersects or joins another highway that crosses the
railroad at grade, a No Right Turn or No Left Turn signal (secs.
gH-2, 6) may be used on the parallel highway to supplement
the highway grade-crossing signals located at the erossing,

30—t Meaning of Indications

Railroad-highway grade-crossing signal indications shall have the
meanings aseribed to them in the Uniform Vehicle Code, Section
11-701.

3H-5 Types of Control

Flashing-light and wigwag signals may be conlrolled either
manually or automatically. The flashing-light signal shall operate
upon the approach of trains from either direction on the tracks
for which protection is provided, and they shall continue to
operate until the rear of the train reaches or clears the crossing.
The control of No Right Turn and No Left Turn signals shall be
correlated with the grade-crossing signal control.

Automatic gates may be controlled either manually or auto-
matically. The gates shall operate upon the approach of trains
from either direction on the tracks for which protection is pro-
vided. They shall reach the full horizontal position before the
arrival of the fastest train operated over the crossing and shall
remain down until the rear of the train has eleared the crossing.

3H-6 Design

Flashing-light signals.—The following provisions relate to the
design of flashing-light signals:

1. Signal ]Ightu shall he arrallgurl L prr_l'lr'idd! m]mlualc indieation
to approaching vehicular traffie.  They shall be mounted as shown
in Railroad-Highway Grade-Crossing Protection, Bulletin No. 5
{or subsequent issue), Association of American Railroads, Train
Operation, Control and Signals.*”

0 Available from the Assoclstlon of Ameriean Hallromds, Transportstion Hollding,
Washington @, D.C.
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2. Eleectrie-light units shall be in accordance with Associatigy
of American Railroads® Signal Section Specification 190 or 232
Rouadels and outer lenses shall he a minimom of 834 incleg
in diameter and shall be in accordanee with Signal Section Speeif.
cation 69 of the Association of American Railroads,

3. The Railroad Crosshuck sign and the signal shall he mounteg
on the same post.

Wigwag signals.—The following provisions relate to the de.
gign of wigwag sipnals:

1. A wigwag signal shall consist of a disk 20 inches in diameter,
in which a lamp with red lens or vroundel is provided For nigh
indication.

2, The disk shall be supported by a pivoted rod, and the lengily
of stroke of the swinging light in the disk measured horizontally
between extreme positions shall be 30 inches,

3. Lenses or roundels shall be in accordanee with Signal Section
Specification 69 of the Association of Ameriean Railroads.”*

4. The railroad crosshuck sign and the signal shall he mounted
on the same post,

Automatic gates.—The following provizions relate to the de-
sign of automatic gates:

I. An automatic gate used for the protection of highway
teaffic al a railroad-highway grade crossing, when indicating the
approach of a train, shall present toward approaching highway
traffic the aspeet of an arm equipped with red lights being lowered
across the lane or lanes used by traffie approaching the erossing,
or al rest in the horizontal position across the lane or lanes,

2. An automatic gate, when installed, shall serve as an adjunet
to a highway evossing signal of the Hashing-light type. The gate
gshould be mounted on the same assembly as the flashing-light
signal; however, where conditions require, it may be mounted
on an independent pipe, post, or pedestal located between the
signal and the track,

3. The bottom of the gate arms, when in the horizontal or
lowered position, shall be not less than 314 feet nor more than
414 feet above the erown of the roadway and, when not indicating
the approach of a train, shall neither obstruet nor interfere with
highway traffic,

1 Specificntiona mvailnble from the Communiention and Signal Section, Association of
American Bnilronds, &0 East Van Buren Strect, Chicngo 0, Illinois. v

i1 Bee footnote 21,
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4. Each gate arm extending over the highway shall have three
red lights shining in both directions along the highway. The light
pearest the tip shall burn steadily and the other two lights shall
flash alternately,

5. The gate arms shall be steiped on hoth sides with 16-inch
aliernate diagonal stripes of white and hlack.

6. Lenses shall be in accordance with Signal Section Specifi.
cation 69 of the Association of American Railroads.**

Insofar as practicable, the mechanisms should be so designed
that if the arms, while being raised or lowered, strike or foul
an object they will readily stop and, upon removal of the obstrue-
tion, azsume the position required by the control mechanism.

No Right Turn and No Left Turn signals.—The following pro-
visions relate to the design of No Right Turn and No Left Turn
signals:

1. The aspeet shall be that of an illuminated sign bearing the
legend NO RIGHT TURN or NO LEFT TURN surmounted by a
flashing yellow marker light.

2. The signal shall he in accordance with Association of Amer-
iean Railroads® Signal Section Specification 25171

3. The marker light shall be in accordance with Signal Section
Specification 190 or 232 of the Association of American Rail-
roads,”® except that it shall display yellow and be arranged for
fustening to a bracket.

AH-7 Location

One signal or one signal and gate shall be placed on cach side
of the track or tracks, except in the cases of established one-way
strects, where the installation shall be made on the approach side.
Signals and gates shall preferably he placed on the right of ap-
proaching teaflie.

The location of signals and automatic gates for railroad-high-
way grade-crossing protection should be determined after in-
gpection and study at the site. In addition to providing for
adequate clearances, consideration should be given to the type
of highway, angle of crossing, and visibility to drivers approach-
ing the crossing. The loeation of the signal should be not less
than 2 feet beyvond the eurb, the edge of the traveled way, or
the outer edge of the paved shoulder when the shoulder is con-
tinued across the tracks.

¥3 4 P Bew footnote 21,
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The No Right Turn or No Left Turn signal, when used, shall he
placed as close to the intersection as practicable.

3H-8 Installation

Signals and gates shall be installed in accordance with the
standards and practices recommended in Railroad-Highway Grade.
crossing Protection, Bulletin No. 5 (or subsequent issue), Associa.
tion of American Railroads, Train Operation, Control and Sig.
nals.?® Figure 3-6 illustrates typical train-approach signal in-
stallations.

Figure 3-6. Train-approach
signal installations at
railroad-highway grade
crossings.

: i e
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3H-9 Operation

Signals and devices which indicate the approach of a train shall
be so controlled that they will operate for such period of time

20 Available from the Association of American Railroads, Transportation Building, Wash-
ington 6, D.C
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before the arrival of any train operated over the crossing as
is reasonably required to afford protection. Where the greatest
distance along the highway is 35 feet or less between the signal
on either side of the crossing and the clearance beyond the farthest
track from such signal on which trains operate at medium or
higher speed, the signals shall operate for not less than 20
geconds before the arvival of any train on any such track. Where
this distance is more than 35 feet, the 20 seconds should be in-
creased to provide the additional time required for highway
vehicles to clear the crossing.

Cireuits for the operation of automatie gates shall be so arrangedl
that the gate arm shall start its downwarid motion not less than 3
seconds aflter the signal lights start to operate. The gale arm
shall reach full horizontal position before arrival of the fastest
train operated over the crossing and shall remain in that pesition

until the rear of the train has cleared the erossing,

Local conditions may require an operating time longer than
20 seconds before arrival of the train, but too long an operation
by slow trains is undesirable. Uniform time control for all train
speeds is the most desirable arrangement, and at crossings where
there is considerable difference between high and low train speeds
and where travel on the highway is heavy, provision for a type
of circuit control that will insure equal or approximately equal
timing should be considered.

Electric lamps in the flashing-light type of signals shall flash
alternately. The number of flashes of each lamp per minute
shall be 30 (minimum) to 45 (maximum). Each lamp shall be
illuminated for approximately one halfl of the operating cycle,

Each flashing-light unit shall have a range In accordance with
Signal Section Specification 190 or 232 of the Association of
American Railroads. #7

With the wigwag type of signal, movement of the swinging
disk from one extreme to the other and back constitutes a cycle.
The number of cyeles per minute shall be 30 (minimum) to 45
(maximum}.

The electrie-light unit of the wigwag signal, when the disk is
suspended vertieally, shall have a range at night of 1,500 feet
through a total angle of not less than 20 degrees when a 10-wan
lamp rated at 1,000 hours is burned at rated voltage. The lamp

shall burn while the disk is swinging.
The No Right Turn or No Left Turn signal shall be legible

only when the crossing signal indicates the approach of a train.

T Bpe footnote 21.
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It shall be illuminated without flashing during the period g
the crossing signals are operating, and the yellow marker ligy,
shall flash in synchronism with the crossing signals.

AH-10 Maintenanee

Auwtomatic signals and gates shall be kept well painted apg
in a good state of efficiency. The surfaces of lenses on signy]
and gate-arm lights shall be kept free from such deposits as son
or other materials that will seriously affect their efficiency,
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