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Transportation Systems

* Transportation systems are comprised of FLEETS and FLOWS
« Common elements:
— Vehicles
— Networks
— Guideways
— Software
* Planning
* Design
« Operations and Maintenance
- Limited resources/efficiency goals
« Equity
- Safety
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Background

« CE 351 left off dealing with capacity and level of service for
uninterrupted flow facilities (freeways, rural two lane
highways)

* Next look at interrupted flow facilities

* First must understand design and control principles of
intersections.
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Introduction to Intersection Control

Objectives

Understand why some sort of control is essential to
allocate right-of-way at intersections

Understand there is a hierarchy of intersection control (a
traffic signal is not a panacea)

Learn how to check sight distances available at an
intersection

Learn about the warrants for stop and yield controls
Learn how to check traffic signal warrants
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- Types of intersections

« Counting the number of conflicts at intersections

« Hierarchy of intersection control

 Method to check sight distances at intersections
 Warrants for STOP and YIELD signs

« Warrants for traffic signals

“Let Knowledge Serve the City”
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Types of Intersections

« At-grade
— Three leg (tee, wye)
— Four leg (simplest: two one way streets)
— Multi-leg
— Rotary
» Grade separation
— Crossing separated without connection

* Interchange
— Diamond (also tight diamond)
— Urban (single point urban)
— Directional
— Cloverleaf
— Partial Cloverleaf (parclo)
— Tee
— Wye
“Let Knowledge Serve the City” Urban Transportation Systems



Intersection Philosophy

* Miminize potential conflicts
— Vehicles—all modes
— Pedestrians
— Bicyclists
 Considerations
— Human
» Driving habits, decision/reaction time
— Traffic

» Demand, capacities, turning movements, delay,
vehicle speeds, size and types of vehicles

— Physical

» Adjacent property, sight distance, geometric
features, aesthetics, air quality, environmental

— Economic
» Cost, benefits, energy consumption

“Let Knowledge Serve the City” Urban Transportation Systems



Control Devices

« Control may be achieved by using traffic
signals, signs, markings, or markers that
regulate, guide, warn, and/or channel traffic.

« Manual on Uniform Traffic Control Devices
(MUTCD)

— Detailed standards for the physical design of the
device, covering size, shape, colors, legend types,
and specific legend.

— Detailed standards and guidelines on where devices
should be physically located or placed in relationship
to the roadway.

— Warrants, or conditions which justify, the use of a
particular device.

“Let Knowledge Serve the City” Urban Transportation Systems



Control Devices

Requirements to make a traffic control device effective:

* Fulfill a need = Place proper device, only the one
needed

« Command attention =*Make device stand out by
color, shape, etc. (design)

 Convey a clear simple meaning = Do not confuse
driver with wordy legends; only one instruction per 'y
device. (design) ks

« Command the respect of road users ®*When you
place it, you really mean it. (placement)

* Give adequate time for proper response = Make it
visible well in advance of decision point (placement)

“Let Knowledge Serve the City” Urban Transportation Systems
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Control Devices

Design

(color, size & shape to meet requirements above),
Placement
(within cone of clear vision),
Operation
(right device at the right place),
Maintenance
(to maintain legibility),
Uniformity

(provide uniformity in use of control devices).

“Let Knowledge Serve the City” Urban Transportation Systems
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Control Devices

SIGNS
&
MARKINGS

“Let Knowledge Serve the City” Urban Transportation Systems
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SIGN FUNCTIONS

To convey information

Essential where special regulations apply or
where hazards are not self-evident.

Helpful for information on routes, directions,
destinations etc.

Not ordinarily needed to confirm rules of the
road.

\_ /
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SIGN FUNCTIONS

Essential where special regulations apply or
where hazards are not self-evident.

" RIGHT LANE
- CONTINUOUS |
GREEN SIGNAL ﬂ




Not ordinarily needed to confirm rules of the
road.
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GENERAL STANDARDS

™~

All necessary signs shall be in place before a
facility is opened

Signs required by road conditions or restrictions
shall be removed immediately when those

conditions cease to exist or the restrictions are
withdrawn

|dentical conditions should be marked with the
same type of sign

Engineering judgment is essential as a
\ supplement to MUTCD
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ORDER OF PRIORITY

™~

Regulatory and warning signing whose
location is critical should be displayed
rather than guide signing.

Less important information should be
moved to less critical locations or
removed.
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VARIABLE MESSAGE SIGNS

One or more messages that may be
displayed or deleted as required.

Detailed standards are not specified

It is essential that variable message
signs ascribe to the extent practicable,
with the MUTCD design principles and
applications




VARIABLE MESSAGE SIGNS
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EXCESSIVE USE OF SIGNS

Care should be taken not to install too
many signs

Frequent display of route markers and
directional signs is encouraged
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SIGN CLASSIFICATIONS

SPEED
LIMIT

@ 50
@
i/
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REGULATORY SIGNS ...

Inform roadway users of traffic
laws or regulations and indicate
the applicability of legal
requirements that would not
otherwise be apparent.

\_
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WARNING SIGNS...

Used to call attention to conditions on, or adjacent
to, a highway or street that are potentially
hazardous to traffic operations.

NO ™
PASSING

K ZONE
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GUIDE SIGNS ...

Show route designation,
destinations, directions, distances,
services, points of interest, and
other geographical, recreational,
and cultural information.

\_

7 \
GRAND CANYON
NATIONAL PARK

10 MILES
\ /|

REST AREA
1 MILE
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POSITION OF SIGNS

A regulatory sign normally is placed
where its mandate or prohibition applies

A warning sign is placed in advance of
the condition to which it calls attention

Guide signs are placed to keep drivers
informed on the route to their destination

\_ /




/ Typical Locations and Hazards \
for Warning Signs

Changes in horizontal alignment
Intersections

Advance warning or control devices
Converging traffic lanes

Narrow roadways

Changes in highway design

Grades

Roadway surface conditions
Railroad crossings

Entrances and crossings

\ Miscellaneous j
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DESIGN

Shape

Color

Message Content and Format
Dimensions

lllumination and Reflectorization
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SHAPES

Octagon
Triangle

Round

Pennant
Diamond
Shield

shy il

ENTER

NO S
PASSING_>
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SHAPES (cont.)

Rectangle (portrait) @Q&)
Rectangle (landscape) |PARKING

" N 7/
Trapezoid ) ‘”
GRAND CANYON
Pentagon (point up) " WAL PARR
Crossbuck
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SIGN COLORS

Red Brown
Green Orange

Black
Blue
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Background color for:
STOP signs
Multi-way supplemental plates
DO-NOT-ENTER messages
WRONG WAY signs
Interstate route markers
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Legend color for:
YIELD signs
Parking prohibition signs

Circular outline and diagonal

bar prohibitory symbol

p
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PARKING

930PM

T0 5:30AM
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BLACK ...

Background color on: -~
ALL TRUCKS
ONE WAY signs COMMERCIAL
_ _ VEHICLES
Certain truck signs | NEXT RIGHT |

Night speed limit signs

Message color on white,
yellow and orange signs 4

DETOUR




Background color for:
Route markers
Guide Signs

Fallout Shelter Directional sign

Regulatory signs, except STOP signs
Message color on brown, green,

blue, black, and red signs

e N\

Spot Rd

EXIT | MILE

SCENIC
AREA

&3 FALLOUT

4-5M|/

SHELTER




WHITE ...

Whenever white 1s specified herein as
a sign color, 1t
include silver-colored reflecting

coatings or elements that reflect white
light.
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ORANGE ...

Background color for construction and
maintenance signs and shall not be used
for any other purpose.




Background color for warning
signs, except where orange is
specified, and for school signs
(Part VII).
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BROWN ...

Background color for guide and
information signs related to points of
recreational or cultural interest.
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GREEN ...

Background color for:

Guide and informational signs,
other than those using brown or white

Mileposts

Legend color with a white background for
permissive parking regulations

Circular outline permissive symbol.

\_

SIGNALS
SET FOR

45

M.P.H.

|

i\

ONE
HOUR
PARKING

BAM-8PM
. —
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BLUE ...

Background color for information

signs related to motorist services
| (X7 13

Evacuation Route Marker. FOOD . PHONE |

GAS - LODGING
HOSPITAL

CAMPING

NEXT SERVICES
MILES

—

EVACUATION
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MESSAGE FORMATS

Legend
Symbolic
Diagrammatic
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MESSAGE FORMATS
Legend
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MESSAGE FORMATS

Symbolic




4 A

MESSAGE FORMATS

Diagrammatic

NORTH @ |

Burbank

1 MILE
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SYMBOLS

Symbol designs shall in all cases be
unmistakably similar to those shown In
this Manual and the “Standard Highway
Signs” book. (2A-13)
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Example ...
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SYMBOLS

Most symbols are oriented facing left but
mirror images are OK

OK to make minor changes in the
proportion of symbols, width of borders, or
layout of word messages, but all shapes
and colors shall be as indicated.
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SYMBOLS

All symbol signs which are readily
recognizable by the public may be
erected without educational plagues.

New warning or regulatory symbol signs
not readily recognizable by the public,
shall be accompanied by an educational
plaque which /s to remain in place for at
least 3 years after initial installation.

\_ /
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WORD MESSAGES

Standard wordings as shown in this Manual
shall be used for sign legends.

Word messages should be as brief as
possible

Lettering should be large enough to provide
the necessary legibility distance.

\_ /
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WORD MESSAGES

Abbreviations should be kept to a minimum

Should include only those that are
commonly recognized and understood,

such as Ave., Blvd., N. (for north), R. R., or
Jct.

It is sometimes permissible to put long

names in slightly smaller lettering than
would otherwise be required.

\_ /
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LETTERING

Sign lettering shall
be In upper-case
letters of the type
approved by FHWA

Destination names
may be in lower-
case lettering, with
Initial upper-case.

Kingman
EXIT | MILE




STANDARD ALPHABETS

SLOW

Use of the Series B alphabet is

restricted to street-name signs,
OW parking signs, and other similar

signs where limited breadth and
stroke widths are required for
designh purposes. /




SMALLER LETTERS

PARKING

HERE TO
CORNER

“PUSH
BUTTON
TO

CROSS
96th ST

WATCH FORn
TUANNG CARS

START cnoauig § Y

Fimsk cronsma | L

FLALMNS  F STANTED

SIEADT  CROSSWALK
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DIMENSIONS

\

Prescribed dimensions shall be standard
for application on public highways

Increased sizes are desirable where
greater legibility or emphasis is needed

Wherever practical the overall
dimensions of the sign plates should be
Increased Iin 6-inch increments

/




/~ ILLUMINATION AND
REFLECTORIZATION

Regulatory and warning signs, unless
excepted, shall be reflectorized or
illuminated to show the same shape and
color both by day and night.

All overhead sign installations should be
illuminated where an engineering study
shows that reflectorization will not perform
effectively.




4 N

MEANS OF ILLUMINATION

A light behind a translucent sign face
An external light source

Luminous tubing,fiber optics or
Incandescent lamps shaped to the
lettering or symbol

Luminescent panels
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MEANS OF ILLUMINATION

The requirements for sign illumination
are not considered to be satisfied
by street or highway lighting, or by

strobe lighting.

Luminescent panels

\_
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MEANS OF REFLECTORIZATION

Reflector "buttons” or similar units set
iInto the message and border; or

Retroreflective sheeting material

Where a white message is used on a
colored background, reflectorization may
be used for the message and border

only

\_ /
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SIGN BORDERS

With few exceptions, all signs shall have
a border of the same color as the
legend, at or just inside the edge.

A dark border should be set in from the
edge, while a white border should extend
to the edge of the panel




e

SIGN BORDERS

A C
ed(
to t

Id be Set it 1HJIl1 LIS
border should extend
anel

/
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SIGN BORDERS

For 30-inch signs with a light
background: 1/2 to 3/4 wide, 1/2 inch
from the edge

White border (should be) 1 inch

For other sizes, the border widths should
be of similar proportions, but not to
exceed the stroke-width of the letters

\_ /
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SIGN BORDERS

The corners of the sign border shall be
rounded.

Where practicable, the corners of the
sign panels should also be rounded to
fit the border




4 A

SIGN BORDERS

The corners of the sign border shall be
rounded.

Where practicable, the corners of the
sign panels should also be rounded to
fit the border
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SUPPLEMENTAL BEACONS

A hazard
identification beacon
may be used only to
supplement an
appropriate warning
or regulatory sign. J




4 h

Standardization Of Location

The general rule is to locate signs on the
right-hand side of the roadway

Overhead signs are often necessary

Signs in other locations ordinarily should
be considered only as supplementary

Other general guidelines are given in
Section 2A-21




e

Standardization of Location

right-ha
Overhez

Section
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Standardization of Location

Signs should be individually erected
on separate posts or mountings
except

where one sign supplements another

where route or directional signs must be
grouped.




@ N

MULTIPLE SIGNS

Signs requiring different decisions by the
vehicle operator must be spaced
sufficiently far apart for the required
decisions to be made safely

The spacing shall be determined in units
of time as determined by the expected
vehicle approach speed.

\_ /
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Signs Should be Located...

To optimize nighttime visibility
To minimize the effects of mud spatter

In conformance with safety factors
related to fixed obstacles near the
roadway

So that they do not obscure each other

So that they are not hidden from view by
other roadside objects.

\_
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Overhead Sign Justification

NOo O 0bh =

. Traffic volume at or near capacity

Complex interchange design

Three or more lanes in each direction
Restricted sight distance

Closely spaced interchanges
Multi-lane exits

Large percentage of trucks

/




4 N

Overhead Sign Justification

8. Street lighting background

9. High speed traffic

10. Consistency of signh message location
11. Insufficient space for ground mounting
12. Junction of two freeways

13. Left exit ramps

\_ /
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Overhead Sign Justification

The existence of any one or more of the
conditions listed does not automatically
justify the use of overhead signs.
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HEIGHT SPECIFICATIONS

Min 5 feet, measured
from the bottom of the |
sign to the near edge o
the pavement. |

Increase to 7 ft in
business, commercial
and residential districts




e

HEIGHT SPECIFICATIONS

™~

The height to the bottom
of a secondary sign
mounted below another
sign may be 1 foot less
than the height specified
above.




LATERAL CLEARANCE

Normally, signs should not be closer
than 6 feet from the edge of the
shoulder, but

12 feet from the edge of the traveled way with
no shoulder

2 feet is recommended as a working urban
minimum

1 foot from the curb face is permissible where
necessary

/
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LATERAL CLEARANCE

™~

More detailed requirements are
prescribed for freeway and expressway
signs
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SIGN ORIENTATION

Normally at right angles to the direction
of, and facing traffic

Turn slightly away where mirror
reflection from the sign face is
encountered.

Turn toward the road when offset 30 feet
or more from the pavement edge

/
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SIGN ORIENTATION

At curved alignments, the angle should
be determined by the course of
approaching traffic

Sign faces normally are vertical, but may
be tilted on grades to improve the
viewing angle.

/




SIGN MATERIALS

A variety of materials can be used
effectively

Nothing in this Manual should be
Iinterpreted to exclude any new material
that meets the standard requirements for

color and leqibility, both by day and by
night.

/




MAINTENANCE

All signs should be kept in proper
position, clean and legible at all times.

Damaged signs should be replaced
without undue delay

A schedule for inspection, cleaning and
replacement should be established.




MAINTENANCE

™~

\_

(Your) employees should be encouraged to

report any damaged or obscured signs.
(Ensure that) weeds, trees, shrubbery and
construction materials do not obscure the
face of any sign.

A regular schedule of replacement of
lighting elements for illuminated signs
should be maintained

/










MARKINGS
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MARKING TYPES

Pavement

Curb

Object

Delineators
Colored Pavements

Barricades and
Channelizing Devices

Islands
\
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Functions and Limitations

Markings have definite and important functions
to perform in a proper scheme of traffic control

Sometimes used to supplement the regulations
or warnings of other devices such as signs or
signals

Other times used alone to produce results that
cannot be obtained by the use of any other
device

Have advantage of conveying warnings or
information to the driver without diverting his/her

k attention from the roadway /
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Functions and Limitations

Pavement markings have definite
limitations

They are obliterated by snow

May not be clearly visible when wet

May not be very durable when subjected to
heavy traffic




e

\

Standardization of Application

\_

All necessary markings should be in place before a
facility is opened
Markings no longer applicable which may create

confusion in the mind of the motorist shall be removed
or obliterated as soon as practicable

Markings required by road conditions or restrictions
should be removed or obliterated when those conditions
cease to exist or the restrictions are withdrawn

Markings which must be visible at night shall be
reflectorized unless ambient illumination assures

adequate visibility

All markings on Interstate highways shall be

retroreflective /
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Materials

Typically paint and thermoplastics for
pavement and curbs

Raised pavement markers and colored
pavements also common

Marking material used near pedestrian
or bicycle activity should not present
tripping or loss of traction hazards

Object markers and delineators should
not present a vertical or horizontal
k clearance obstacle for pedestrians

/
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Colors

Shall be yellow, white, red, or blue
(disabled specific)

Black may be used in combination with
the above colors for contrast
enhancement

Black shall be a usable color for object
markers




/General Principles-
Longitudinal Pavement Markings

Longitudinal pavement markings shall
conform to the following basic concepts:

Yellow lines delineate

the separation of traffic traveling in opposite
directions

the left edge of the roadways of divided and one-
way highways and ramps

the separation of two-way left turn lanes and
reversible lanes from other lanes




/General Principles-
Longitudinal Pavement Markings

™~

White lines delineate

the separation of traffic flows in the same direction
and mark the right edge of the roadway

Red markings delineate

roadways that shall not be entered or used




/General Principles-
Longitudinal Pavement Markings

Broken lines are permissive 1n character.
Dotted lines provide guidance.
Solid lines are restrictive 1n character

Width of line indicates the degree of
emphasis

Double lines indicate maximum or special
restrictions




/ Widths and Patterns of \
Longitudinal Line Markings

A normal line 1s 4 1n to 6 1n wide
A wide line 1s at least twice the width of a normal line

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

A broken line consists of normal line segments
separated by gaps

A dotted line shall consist of noticeably shorter line
segments separated by shorter gaps than those used for

a broken line. The width of a dotted line shall be at

\ least the same as the width of the line 1t extends. /
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Transverse Markings

Transverse markings include
Shoulder markings
Word and symbol markings
Stop lines
Crosswalk lines
Speed measurement markings
Parking space markings
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Transverse Markings

Transverse markings shall be white,
except that

Transverse median markings shall be yellow

Markings visible only to traffic proceeding in

the wrong direction on a one-way roadway
may be red
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Curb Markings

Curb markings are typically used for
Roadway delineation
Parking regulations
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Curb Markings for Delineation

Reflectorized solid yellow should be
placed on the curbs of islands located in
the line of traffic flow where the curb
serves to channel traffic to the right of

the obstruction




/ Curb Markings for Parking \
Restrictions

Since curb markings of yellow and white are used for
delineation and visibility, it is usually advisable to
establish parking regulations through the installation
of standard signs

However, when local authorities prescribe special
colors for curb markings as supplemental to
standard signs, they may be used

Signs shall always be used with curb markings in
those areas where curb markings are frequently
obliterated by accumulations of snow and ice




/ Applications of Pavement and
Curb Markings

™~

Center Lines

Lane Lines

No-Passing Zone Markings
Pavement Edge Lines

Pavement Marking Extensions Through
ntersections

/




Dotted line extensions
through intersection




/ Applications of Pavement and

Curb Markings

\_

Lane Reduction Transitions
Channelizing Line

Median Islands Formed by Pavement
Markings

Marking of Interchange Ramps
Combination Lane and Center Line

Markings for Unique Applications
Reversible Lane, TWLTL




/ Applications of Pavement and \
Curb Markings

Approach to an Obstruction

Raised Pavement Markers
Supplementing Other Markers

Retroreflective Raised Pavement
Markers Substituting for Other Markings

\_ /













/ Applications of Pavement and \
Curb Markings

Stop Lines
Crosswalks and Crosswalk Lines

_ . awE
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/ Applications of Pavement and \
Curb Markings

Pavement Word and Symbol Markings

May be used for the purpose of guiding,
warning, or regulating traffic

Should be limited to not more than a total of
three lines of information

They shall be white in color










/ Applications of Pavement and
Curb Markings

~

Preferential Lane Markings

Supplemental to signs or signals conveying
the specific restrictions.







/ Applications of Pavement and
Curb Markings

™~

Speed Measurement Markings
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Object Markings

Object markers are used to mark
obstructions within or adjacent to the

roadway

When used, these markers shall consist
of an arrangement of one or more of the

following types:

\_ /
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Object Markings

Type 1

A marker consisting of nine yellow reflectors,
each with a minimum dimension of of
approximately 3, mounted symmetrically on
an 18" yellow or black diamond panel, or

An all yellow reflective diamond panel of the
same size

@
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Object Markings

Type 2

A marker consisting of three yellow reflectors,
each with a minimum dimension of

approximately 3", arranged either horizontally
or vertically, or

An all yellow reflective panel, 6" x 12”

000)]
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Object Markings

Type 3

Striped marker consisting of a vertical
rectangle approximately 1" x 3’ in size with
alternating black and reflectorized yellow
stripes sloping downward at an angle of 45
degrees toward the side of the obstruction on
which traffic is to pass. Minimum width of the
yellow stripe shall be 3".

Pass on

\ This side
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Object Markings

Objects in the
roadway shall be
marked with a
Type 1 or Type 3
object marker
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Object Markings

Objects in
close
proximity to
the edge of
traveled way
may need a
Type 2 or 3
object marker |
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Object Markings
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Object Markings

End of Roadway

A marker consisting of nine red reflectors,
each with a minimum dimension of
approximately 3, mounted symmetrically on
an 18" diamond, red, or black panel, or

An 18" diamond reflectorized red panel
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Delineators

\

Light-retroreflecting devices mounted at
the side of the roadway, in series, to
iIndicate the roadway alignment

Are effective aids for night driving and
are to be considered as guidance rather
than warning devices

Advantageous in areas with heavy
precipitation (rain, snow, ice)

/




