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Design Speed. Design speed is a selected speed used to determine the various geometric
design features of the roadway. It should be logical with respect to topography,
anticipated operating speeds, adjacent land use and functional classification of the roadway.
The selected design speed for each project will establish criteria for several design elements
including horizontal and vertical curvature, superelevation and sight distance. The speed
relates to the driver's comfort and is not the speed at which a vehicle will lose control.

Low Speed. For geometric design, low speed is defined as 45 mph (70 km/h) or less.
High Speed. For geometric design, high speed is defined as greater than 45 mph.

Average Running Speed. Running speed is the average speed of a vehicle over a specified
section of highway. It is equal to the distance traveled divided by the running time (the time
the vehicle is in motion). The average running speed is the distance summation for all
vehicles divided by the running time summation for all vehicles.
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Average Travel Speed. Average travel speed is the distance summation for all vehicles
divided by the total time summation for all vehicles, including stopped delays. (Note:
Average running speed only includes the time the vehicle is in motion. Therefore, on
uninterrupted flow facilities which are not congested, average running speed and average
travel speed are equal.)

Operating Speed.  Operating speed, as defined by AASHTO, is the highest overall
speed at which a driver can safely travel a given highway under favorable weather conditions
and prevailing traffic conditions while at no time exceeding the design speed. Therefore,
for low-volume conditions, operating speed equals design speed. The designer should note
that the term "operating speed” has little or no usage in geometric design.

85th-Percentile Speed. The 85th-percentile speed is the speed below which 85 percent of
vehicles travel on a given highway. The most common application of the value is its use as
one of the factors, and usually the most important factor, for determining the posted, legal
speed limit of a highway section. In most cases, field measurements for the 85th-percentile
speed will be conducted during off- peak hours when drivers are free to select their desired
speed.

Posted Speed Limit. The posted speed limit is based on a traffic engineering study
considering:

a. the 85th-percentile speed;

b. speed profile;

c. type and density of roadside development;

d. functional classification and type of area;

e. adjacent sections;

f. the crash experience during at least the previous year;

g. road surface characteristics, shoulder condition, grade, alignment and sight
distance; and

h. parking practices and pedestrian activity.

Design Speed Selection
The selection of a design speed for a project should consider all of the following:

1. Functional Classification. In general, the higher class facilities are designed with a
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higher design speed than the lower class facilities.

2. Urban/Rural. Design speeds in rural areas are generally higher than those in urban
areas. This is consistent with the typically fewer constraints in rural areas (e.g., less
development).

3. Terrain. The flatter the terrain, the higher the selected design speed will be. This is
consistent with the typically higher construction costs associated with more rugged
terrain.  In certain situations, especially where a road follows a river through rugged
terrain, the vertical alignment will be level. However, the flat vertical alignment is
achieved through the use of smaller radii horizontal curves. The utilization of flatter
horizontal curves would result in extensive grading. For these situations the lower
design speed associated with more rugged terrain is appropriate.

4. Driver Expectancy. The selected design speed should be consistent with driver
expectancy. The designer should consider the following when selecting a design speed:

a. avoid major changes in the design speed throughout the project limits;

b. where necessary, provide transitional design speeds between sections adjacent
to the project;

c. do not place minimum radius horizontal curves at the end of long
tangents; and

d. consider the expected posted speed in the selection of the design speed.
e. balance the horizontal and vertical alignment (e.g. curvilinear alignment used

with rolling grades).

For geometric design application, the relationship between these design elements and the
selected design speed reflects general cost-effective considerations. The value of a
transportation facility in carrying goods and people is judged by its convenience and economy,
which are directly related to its speed.
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In rural areas, bicycling space, for the most part, will consist of a roadway shoulder. In more
urban areas, bicycling space may be in the form of a shared roadway with wide curb lanes or
dedicated space such as designated bicycle lanes. Separate bicycle facilities may be
considered where children and casual bicyclists would be required to become involved

with

high traffic volume roadways. Due to pedestrian safety, sidewalks should not be

considered as bicycle facilities except for child bicyclists along low-volume residential
streets.

The following bikeway definitions will apply:

1.

Bikeway. Any road, path or way which in some manner is specifically designated as
being open to bicycle travel,

Widened Shoulder. Any roadway upon which a bicycle lane is not designated
and which may be legally used by bicycles.

Bicycle Path. A bikeway physically separated from motorized vehicular traffic by
an open space or barrier and either within the highway right-of-way or within an
independent right-of-way. Bicycle paths may assume different forms, as conditions
warrant. They may be 2-direction, multilane facilities or, where the path would
parallel a roadway with limited right-of-way, a single lane on both sides of the
road.

Bicycle Lane. A portion of a roadway which has been designated by striping,
signing and pavement markings for the preferential or exclusive use of bicyclists. It is
distinguished from the travel portion of the roadway by a physical or symbolic
barrier. Bicycle lanes may also assume varying forms but are typically included in
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one of the following categories:

a.  bicycle lane between parking lane and travel lane, or

b.  bicycle lane between roadway edge and travel lane, where parking is
prohibited.
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BUS STOPS AND TURNOUTS

1 Location

1.1 Bus Stops

If local bus routes are located on an urban or suburban highway, the designer should consider
their impact on normal traffic operations. The stop-and-go pattern of local buses will
disrupt traffic flow, but certain measures can minimize the disruption. The location of bus
stops is particularly important. These are determined not only by convenience to patrons, but
also by the design and operational characteristics of the highway and the roadside
environment. If the bus must make a left-turn, for example, do not locate a bus stop in the
block preceding the left turn.

There are three basic bus stop designs — far-side or near-side of an intersection, and mid-
block. Advantages and disadvantages for each of these bus-stop locations are listed in
Figure A. In addition, consider the following:

1. Far-Side Stops. For capacity and other reasons, far-side stops are generally
preferred to near-side or mid-block bus stops.

2. Near-Side Stops. Near-side stops must be used where the bus will make a right turn
at the intersection.

3. Mid-Block Stops. Mid-block bus stops may be considered where right turns at an
intersection are high (250 in peak hour) and far-side stops are not practical.

1.2 Bus Turnouts

Interference between buses and other traffic can be reduced significantly by providing bus
turnouts. Turnouts remove stopped buses from the through lanes and provide a well-
defined user area for bus stops. Consider bus turnouts where the following conditions exist:

1. The street provides arterial service with high-traffic speeds [(e.g., greater than 35 mph
(60 km/h)].

2. Bus volumes are 10 or more during the peak-hour.

3. Passenger volumes exceed 20 to 40 boardings an hour.

4. The average bus dwell time generally exceeds 30 seconds per stop.
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10.

11.

12.

13.

During peak-hour traffic, there are at least 250 vehicles per hour in the curb lane.
Buses are expected to layover at the end of the trip.

Potential vehicular/bus conflicts warrant the separation of transit and other
vehicles.

There is a history of traffic and/or pedestrian accidents that can be resolved by a bus
turnout.

Right-of-way width is sufficient to prevent adverse impact on sidewalk pedestrian
movements.

Curb parking is prohibited, at least during peak hours.
Sight distances prevent traffic from stopping safely behind the bus.
Other improvements (e.g., widening) are planned for the major roadway.

At location where specially equipped buses are used to load and unload disabled
individuals.
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Advantages

Disadvantages

|Far-Side
Stop

Minimizes conflicts between right-
turning vehicles and buses.

Provides additional right-turn capacity
by making the curb lane available for
traffic.

Minimizes sight distance problems
on approaches to the intersection.

Encourages pedestrians to cross
behind the bus.

Creates shorter deceleration
distances for buses because the bus
can use the intersection to decelerate.

Results in bus drivers being able to
take advantage of the gaps in traffic
flow that are created at signalized
intersections.

Multiple stopped buses may block the
intersection during peak periods.

May obscure sight distance for
crossing vehicles.

May increase sight distance problems
for crossing pedestrians.

Can cause a bus to stop twice, first for
the traffic signal and then for the far-
side stop, which interferes with both bus
operations and all other traffic.

May increase number of rear-end
accidents because drivers do not expect
buses to stop again after stopping at a
red signal.

Could result in traffic queued into
intersection when a bus is stopped in
travel lane.

Near-Side
Stop

Minimizes Interference when traffic
is heavy on the far side of the
intersection.

Allows passengers to access
buses closest to crosswalk.

The width of the intersection
allows easier re-entry into the traffic
stream where curb parking is allowed.

Eliminates the potential of
double stopping.

Allows passengers to board and
alight while the bus is stopped at a red
signal.

Provides driver with the opportunity

to look for oncoming traffic, including
other buses with potential passengers.

Increases conflicts with right-turning
vehicles.

May result in stopped buses obscuring
curbside traffic control devices and
crossing pedestrians.

May cause sight distance to be
obscured for cross vehicles stopped to
the right of the bus.

May block the through lane during
peak period with queuing buses.

Increases sight distance problems for
crossing pedestrians.
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Mid-block
Stop

Minimizes signt distance problems
for vehicles and pedestrians.

May result in passenger waiting
areas experiencing less pedestrian
congestion.

Desirable if a large generator is
located mid-block.

Less walking for passengers where
the distance between intersections is
large.

May be appropriate where there is

a fairly heavy and continuous transit
demand throughout the block.

Requires additional distance for
no-parking restrictions.

Encourages patrons to cross street at
mid-block (jaywalking).

Increases walking distance for patrons
crossing at intersections.

COMPARISON OF BUS STOP LOCATIONS

Figure A
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BOM (148m) _|_ 40f.(122m)
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WALK, OR 8TOP LINE M

CURE \
FAR-SIDE BUS STOP
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MID-BLOCK BUS STOP
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< I 1 ]
Bus , VEINEE
100 1. (30 m) MIN. \
| 1
END OF CURB RETURN, V
PROPERTY LINE, CROSE-
WALK, OR STOP LINE CURR
NEAR-SIDE BUS STOP
Notes:

1. Where articulated buses are expected to use these stops, add an additional 20’ (6 m) to
the bus distances.

2. Provide an additional 50’ (15.2 m) of length for each additional bus expected to stop
simultaneously at any given bus stop area. This allows for the length of the extra bus [40’
(12.2 m)] plus 10’ (2.8 m) between buses.

ON-STREET BUS STOPS Figure B
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EXIT ACCELERATION  gTOPRING
AREA

DECELERATION ENTRANCE

LENGTH LENGTH TAPER

-

—>

(D  Stopping area length consists of (15.2 m) for each standard 40’ (12.2 m) bus and 70’
(21.3 m) for each 60 (18.3 m) articulated bus expected to be at the stop
simultaneously.

@  Bus turnout width is desirably 12’ (3.6 m). For traffic speeds under 30 mph (48
km/h), a 10’ (3.0 m) minimum bay width is acceptable.

(@  Suggested taper lengths are listed below. A minimum taper of 5:1 may be used for
an entrance taper from the street for a bus turnout while the merging or re-entry
taper should not be sharper than 3:1

(Part 1)
Through Speed Entering Speed?® Acceleration Deceleration Lane® Taper Length
Lane
km/h km/h m m
m
48 32 48 36 46
56 40 76 56 52
64 48 122 81 58
72 56 213 110 64
80 64 297 143 70
88 72 427 181 76
97 80 580 224 82

TYPICAL BUS TURNOUT DIMENSIONS (Part 2)

Figure C
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