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FIGURE 5.7-12 SHARED USE OR MULTIUSE PATHS UNDER BRIDGE STRUCTURES
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RIDING SURFACES

Ramps have low
volumes & low speeds

Shoulder

Optional stripe not
recommended where a
long right-turn or double

BIKEWAYS

Note: Width of curb cut
shall match width of
bike lane & be aligned

—*— w/crossing.

{1~

—— Directional &
yield signs for
bicyclists

W11-1 may be used
to warn motorists of
bike crossing

Directional sign
for bicyclists

Ramps have moderate to
heavy volume & higher speeds

FIGURE 5.7-13 RAMP CROSSINGS

Careful attention should be made to the choice of riding surface paving materials and other
objects within the riding surface. Typical riding surface materials are either Portland Cement
Concrete or Asphaltic Concrete Paving.

1.

Portland cement concrete is desirable for paths with frequent contact with water. Paths
constructed of Portland cement concrete will have a medium broom finish. The width of
expansion joins should be minimized and the joints tooled with a small radius.

Asphalt concrete is desirable when dictated to complement aesthetics suitable to the
surrounding area. Paths constructed of asphalt concrete pavement shall conform to
Section 343 of the City of Scottsdale Supplement to MAG Specifications. Paving for bike
lanes should meet MAG standard for surface smoothness of asphalt paving. Asphalt
concrete shall include an epoxy-coated surface.

Rumble strips, raised pavement markers, or raised curbs should never be used to delineate
bike lanes or shared-use or multiuse paths. They should also never be placed in bikeway

crossings.

Obstructions within the riding surface should be minimized. Drainage grates within the riding
surface should be avoided whenever possible. Any drainage grates that must be placed in the

riding path shall have bicycle safe grating.

Design Standards & Policies Manual
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BIKEWAYS

TRAFFIC CONTROLS

SIGNS AND MARKINGS

Traffic control devices for cyclists, whether they are for an on- or off-street system, must
adhere to the same five basic requirements for motorists:

* Fulfill a need
» Command attention
» Convey a clear, simple meaning
» Command respect from users
» Give adequate time for a proper response
The use of colors should conform to code specifications for signs and markings:

* Yellow — General Warning, *  Brown — Recreation,
* Red - Stop or Prohibition, » Black — Regulation,
e Blue — Service Guidance, e White — Regulation.

See Figure Figure 5.7-13 for an example.

T —g e
Removable Bollard a8 Reflect
Red/White Stripes
\
Street with Cul-de-sac [y Path
Sleeve & lock
) o | for removal
Motor vehicles, etc. prohibited
[}
Allow 4.5 to 5 feet of path clearance both sides of bollard. Removable Bollard

FIGURE 5.7-14 VEHICLE CONTROL PATH ENTRANCE (WHERE NEEDED)

All regulatory, warning and route marker signs will be provided in accordance with the
standards in the Manual on Uniform Traffic Control Devices, Section IX. In addition, the City of
Scottsdale has developed signs for particular situations; see COS Standard Details Nos.
2281, 2282 and 2284, www.ScottsdaleAZ.gov/design/COSMAGSupp/.

Signing and marking for bike lanes are shown in Figure 5.7-1 through Figure 5.7-4, Figure 5.7-

13 and Figure 5.7-16. Shared-use or multiuse paths are shown in Figure 5.7-13 and COS
Standard Detail Nos. 2281, 2282 and 2284, www.ScottsdaleAZ.gov/design/COSMAGSupp.
Other information is in the AASHTO Guidelines.

For bike lanes, pavement markings shall consist of a directional arrow and a bike/rider symbol.
In urban areas, pavement markings shall be placed 50 to 75 feet after every major intersection
or at ¥2 mile intervals, whichever is less. In rural areas, the distance may change as judged
appropriate by the COS Transportation Department.

Where a bike lane continues past the left side of a right-turn-only lane, a pair of pavement
symbols shall be placed in that continuation.

On leaving an intersection, the lane stripe should start at the crosswalk or where the crosswalk
would be. Approaching an intersection, with no right-turn lane, the stripe should be dashed
50 -75 feet before the intersection. See Figure 5.7-15.

Paint and thermoplastic stripes or markings used for lanes, routes or paths should be
reflective and highly non-slip.
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BIKEWAYS

FIGURE 5.7-15 EXAMPLE OF PAVEMENT MARKINGS FOR
BICYCLE LANES ON A TWO-WAY STREET
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BIKEWAYS Section 5-7

Far Side of 7. Right Turn Lanes
Intersection
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6 Feet
6 Feet
BEGIN
A RIGHT TURN LANE
YIELD TO BIKES
6 Feet .
R s e
ROAD
Crosswalk WiL-L
Right turn lane only Optional right/straight

and right turn only

FIGURE 5.7-16 BIKE LANE MARKINGS

DETOURS & CONSTRUCTION 5-7.302

A. Public Information

Any signage, publication, map, web posting, public service announcement or other information
concerning a construction closure, restriction or change always include expected effects on
cyclist or pedestrian movements. This includes, but is not limited to, changes in the operation
of sidewalks, shared-use or multiuse paths, bike lanes or any other bikeways.

Ideally, detours should be identified or built and well signed. Bikeway detours should only be
used when the same type of facility can be provided, such as a bike lane directed to other
lanes or shoulders or to a suitable shared street. Path detours should be directed to another
path or suitable sidewalk, not to an on-street facility.

B. Shared Streets, Bike Lanes and Shared-use or Multiuse Paths

If a bike lane is closed, it shall be signed “Bike Lane Closed” and also signed “Bikes on
Roadway” for the portion where cyclists will be forced to use the traffic lane. This applies to
shoulders with high bicycle use, as well as cases where the work is confined to the bicycle
lane.

If the traffic lanes are narrowed for construction detours, so that a car and bicycle cannot
safely pass side-by-side; then cyclists and motorists should be directed as in the previous
paragraph.

Special attention needs to be paid to work, such as utility, taking place only in the bike lane or
shoulder area. Sometimes precautions are ignored because the vehicular traffic is not
affected. However, proper signing and barricading, with lights for night warning, is still
essential. Irregular surfaces, such as raised metal plates on shoulders or hoses laid across
paths, can be especially hazardous and must always be well barricaded.

Signing and barricading should anticipate night use and speeds up to 25 mph. Barricades and
signs should be posted at points where people are able to choose an alternate route.

Bbarricades, signs, etc., should not be placed or stored in bike lanes or on shoulders or paths.

Design Standards & Policies Manual Page 15
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BIKEWAYS

Bike lanes/shoulders shall always be restored to an excellent paving condition. MAG Standard
321.5.4, Asphalt Base and Surface Course, should apply (when not in use).

BICYCLE PARKING

The City of Scottsdale Zoning Ordinance, Section 9.103, specifies bicycle parking
requirements, see www.ScottsdaleAZ.gov/codes/zoning.

Bicycle parking shall be located within 50 feet of the main entrance(s), in a convenient, highly
visible location. Ideally, bicycle parking will be more convenient to destinations than motor
vehicle parking. On a site with several businesses, bike parking should be dispersed to be
convenient to individual entrances. A portion of the required parking may be located by an
employee entrance.

The COS Standard Detail No. 2285 bike rack is designed to provide:

1. Secure support for the entire frame of the bike by allowing numerous contact points with
the frame and one wheel, with those points being spread out both horizontally and
vertically. These contact points are all in one plane. This helps prevent damage to paint,
eliminates metal points that could stick out to cause damage or injury and the bicycle is
prevented from sliding down or flopping over.

2. Accommodation of any size or type of bicycle with any type of luggage or equipment. The
bicycle does not have to be lifted up or supported by a kickstand.

3. Ease of use and manner of use, is clear without instructions. A poor design, such as the
“ribbon” or “wave” rack, allows bikes to be placed either perpendicular or parallel to the
rack. Bikes parked parallel to the rack typically reduces the effective parking spaces to two
bikes.

4. Secure locking with any type of lock or cable, including the “U” locks. If the front wheel is
removed and repositioned, then it should be possible to lock the frame and both wheels to
the rack. The rack should not require that the lock be fastened close to the bicycle chain.

5. The city rack may be painted and may be placed on concrete, turf or gravel. It may be
used as singles, doubles or in rows. Each loop accommodates 2 bikes.

Design Standards & Policies Manual
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Section 5-8

PEDESTRIAN
FACILITIES

This section provides resources for pedestrian
facility planning and design. It provides guidance
for pedestrian connections, safety, and information

on accessibility, including curb ramps.
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DEPARTMENT RESOURCE INFORMATION

Aviation/Airport 15000 N. Airport Dr. 480-312-2321
Advance Planning Services 7506 E. Indian School Rd. 480-312-7990
Capital Project Management 7447 E. Indian School Rd., Suite 205 480-312-7250
Current Planning 7447 E. Indian School Rd., Suite 105  480-312-7000
Customer Service 7447 E. Indian School Rd., Suite 100 480-312-7800
Downtown Group 4248 N. Craftsman Ct. 480-312-7750
Facilities Management 9191 E. San Salvador Dr. 480-312-5999
Fire & Life Safety/ 8401 E. Indian School Rd. 480-312-1855
Inspections

Fire Plan Review 7447 E. Indian School Rd., Suite 125  480-312-7080
Inspections & Land Survey 9191 N. San Salvador Dr. 480-312-5750
Parks Department 7340 Scottsdale Mall 480-312-2915

One Stop Shop/Permit Services 7447 E. Indian School Rd., Suite 100  480-312-2500

Plan Review 7447 E. Indian School Rd., Suite 125 480-312-7080
Records Division 7447 E. Indian School Rd., Suite 100  480-312-2356
Solid Wastewater Management 9191 N. San Salvador Dr. 480-312-5600
Stormwater Management 7447 E. Indian School Rd., Suite 205 480-312-7250
Street Operations 9191 N. San Salvador Dr. 480-312-5626
Transportation 7447 E. Indian School Rd., Suite 205 480-312-7696
Water Resources 9388 E. San Salvador Dr. 480-312-5685
City of Scottsdale www.scottsdaleaz.gov
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PEDESTRIAN
FACILITIES

transportation

GENERAL INFORMATION

The City of Scottsdale (COS) is dedicated to improving the quality of life for its citizens by
enhancing their mobility choices and enjoyment of the community. Pedestrians are an integral
part of the transportation system because all people are pedestrians at one time or another.
For example, a driver becomes a pedestrian upon leaving a vehicle. Public transportation
users are pedestrians when they walk to a transit stop and again when walking to their final
destination. Planning for the needs of pedestrians is an essential element of providing an
efficiently functioning transportation system.

In general, people will choose to walk a ten minute trip or a quarter mile to a destination, and
even longer, up to twenty minutes or a half mile, if the route is comfortable and safe or if the
need is great. Site planning should consider walking distance of pedestrians from nearby
transit routes or other adjacent locations, such as employment centers or residences. Like all
transportation users, pedestrians seek direct, convenient travel routes.

Pedestrian facilities should provide accommodations for a wide array of users including but
not limited to walkers, joggers, wheelchair users, strollers, rollerbladers, bicyclists and
equestrians. These pedestrian facilities need to be universally accessible, safe, convenient,
direct and designed to encourage use by this wide variety of potential users.

Minimizing curb cuts and consolidating driveways helps to maintain continuity of pedestrian
routes and helps to ensure pedestrian comfort and safety. In addition, pedestrians like to be
separated from moving traffic with a buffer, such as on-street parking, landscaping, or bicycle
lanes. Walkways should be designed with sufficient capacity dependent on the anticipated
level of use, intensity and speed of adjacent traffic, and the number of obstacles (such as
utility poles, magazine stands, and street furniture) within the walkway. An effective walkway
width (as usable for pedestrian travel) of at least 6 feet is required; a minimum effective
walkway width of 8 feet or more is desirable in areas that will experience high pedestrian
travel.

REFERENCES

Developers, staff, and other interested parties are encouraged to reference the following two
documents:

= Design Sidewalks and Trails for Access, Part 1 and Part 2, Best Practices Design Guide,
Barbra McMillen, et. al, U.S. Department of Transportation, Federal Highway Administra-
tion, Publication No. FHWY-EP-01-027 HEPH/8-01 (10M) E, September 2001. Available
from FHWA Report Center by e-mailing report.center@fhwa.dot.gov.

= Draft Guidelines for Accessible Public Rights-of-Way, Access Board, June 17, 2002. Avail-
able online at www.access-board.gov.

The Transportation Department is available to answer questions or to discuss applications to
specific circumstances or designs.
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PEDESTRIAN FACILITIES

PEDESTRIAN & BICYCLE FACILITIES

PEDESTRIAN FACILITIES

1. Walkways that connect main building entrances to the sidewalks on adjacent streets
should have a minimum clear width of six (6) feet - excluding any parking overhangs or
other obstructions. The walkway should be continuous between the street and building,
and clearly recognizable by both pedestrians and drivers. Wider widths may be required
by staff in locations where significant pedestrian traffic is anticipated and where wider
sidewalk exists or is planned along the street.

In cases where a sidewalk width of six feet cannot be provided due to existing physical
barriers or other constraints, a five (5) foot wide clear and continuous sidewalk width may
be allowed if approved by the Planning and Development Services General Manager or
designee.

2. Provide shade wherever possible for on-site walkways either through the use of tree
canopies or structural canopies. Tree trunks and canopy supports should not encroach
into the minimum six foot sidewalk width.

3. The minimum unobstructed width of walkways across the front of major retail centers or
mixed-use buildings, especially in the Downtown area, should be 8 feet. In locations
where street furniture, canopy supports, or other physical barriers encroach into the
adjacent pedestrian facility, twelve (12) feet of walkway should be provided with a clear,
continuous width of eight (8) feet provided across the frontage.

In cases where a sidewalk width of eight (8) feet cannot be provided along these
frontages due to existing physical barriers or other constraints, a six (6) foot wide clear
and continuous sidewalk width may be allowed if approved by the Planning and
Development Services General Manager or designee.

MULTIPLE PEDESTRIAN CONNECTIONS

In an effort to improve mobility and reduce congestion, multiple pedestrian options may be
desirable. For example, if three potential alternatives or alignments are available to connect
pedestrian destinations, often two or all three may be chosen if it is likely to improve access,
increase pedestrian use, and reduce vehicular trips. The need for multiple options will be
dependent upon the cost, benefit, and convenience of the alternatives available as
determined by the Transportation Department. and the Planning and

Development Services General manager or designee.

PEDESTRIAN SAFETY

Pedestrian facilities should provide short direct access by connecting through cul-de-sacs,
parks, shopping centers, dead-end streets, drainage easements, and other locations that will
facilitate and encourage non-motorized travel for short trips. Pedestrian facilities should
include a wide variety of choices for pedestrians to improve their safety, especially when
crossing vehicular roadways. These improvements may include grade-separated crossings of
high speed, high volume vehicular corridors (especially in planned or existing drainage
corridors); pedestrian refuges; and signalized pedestrian push buttons on warranted signals.
In addition, detectable warning devices (truncated domes) should be installed at locations
where it is likely that pedestrians could enter into a vehicular area, such as at pedestrian curb
ramps and raised pedestrian crossings. In order to improve safety and encourage use,
sidewalks and multiuse paths should be placed away from the back of curb a minimum of 4
feet, with 8 feet desired, and sometimes greater distances based on available rights-of-way or

Design Standards & Policies Manual
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PEDESTRIAN FACILITIES

easement. On roadways with transit routes, the sidewalk should be brought closer to the
roadway to allow boarding and deboarding at transit stops.

CURB RAMPS

Curb ramps shall be placed wherever a pedestrian access route crosses a sidewalk/street
transition; at intersections, medians and alleys; and where a public sidewalk ends and
pedestrian travel continues on the roadway. Curb ramps shall be wholly contained within the
crosswalk markings, if they exist. Curb ramps should be flush with the street surface without
“lips”. Alterations in retrofit development areas shall follow guidelines for new construction
unless technically infeasible as determined by the Transportation Department.

The city, to improve pedestrian access and safety, requires the use of directional ramps at all
intersections. Per the COS Details, directional ramps are preferred and should be installed at
all intersections where there is room for both the ramps and the required 4-foot landing area.
Where there is not room for the full directional ramp treatment, diagonal ramps with a
minimum 8-foot width and 4-foot landing are acceptable; however, if there is not room for the
landing, a blended transition ramp should be used. Detectable warning devices (truncated
domes) should be installed in conjunction with these ramps.
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Section 5-9

NEIGHBORHOOD
TRAFFIC
MANAGEMENT

This section identifies the process and criteria for
reviewing and resolving neighborhood traffic
concerns. It identifies goals for this program and

options for resolving conflicts.
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DEPARTMENT RESOURCE INFORMATION

Aviation/Airport 15000 N. Airport Dr. 480-312-2321
Advance Planning Services 7506 E. Indian School Rd. 480-312-7990
Capital Project Management 7447 E. Indian School Rd., Suite 205 480-312-7250
Current Planning 7447 E. Indian School Rd., Suite 105  480-312-7000
Customer Service 7447 E. Indian School Rd., Suite 100 480-312-7800
Downtown Group 4248 N. Craftsman Ct. 480-312-7750
Facilities Management 9191 E. San Salvador Dr. 480-312-5999
Fire & Life Safety/ 8401 E. Indian School Rd. 480-312-1855
Inspections

Fire Plan Review 7447 E. Indian School Rd., Suite 125  480-312-7080
Inspections & Land Survey 9191 N. San Salvador Dr. 480-312-5750
Parks Department 7340 Scottsdale Mall 480-312-2915

One Stop Shop/Permit Services 7447 E. Indian School Rd., Suite 100  480-312-2500

Plan Review 7447 E. Indian School Rd., Suite 125 480-312-7080
Records Division 7447 E. Indian School Rd., Suite 100  480-312-2356
Solid Wastewater Management 9191 N. San Salvador Dr. 480-312-5600
Stormwater Management 7447 E. Indian School Rd., Suite 205 480-312-7250
Street Operations 9191 N. San Salvador Dr. 480-312-5626
Transportation 7447 E. Indian School Rd., Suite 205 480-312-7696
Water Resources 9388 E. San Salvador Dr. 480-312-5685
City of Scottsdale www.scottsdaleaz.gov
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NEIGHBORHOQOD
TRAFFIC MANAGEMENT

transportation

GENERAL INFORMATION

Continued growth in Scottsdale and the region has increased Scottsdale residents’ concerns
regarding traffic, specifically in neighborhoods. To promote safe and pleasant conditions for
residents including motorists, bicyclists, pedestrians, schoolchildren, and other users on
neighborhood streets, Scottsdale’s Transportation Department has created a Neighborhood
Traffic Management Program (NTMP).

One component of the quality of life expected by Scottsdale residents is the safe, efficient, and
economical movement of people and goods. The goal of the NTMP is to use the three “Es”
(Education, Enforcement, and Engineering) to address the transportation concerns of
residents who are negatively impacted by vehicular traffic in their neighborhood.

APPLICATION
Application of the NTMP shall be limited to local, paved, public streets that:
< Have or are planned to have no more than one travel lane in each direction, and

= Function primarily to connect an origin or destination to an arterial (local residential &
some minor collectors).

REFERENCES

< MAG Standard Drawings - Maricopa Association of Governments (MAG)

e COS Supplement to MAG - City of Scottsdale (COS)

= DS&PM Section 5-3.400, Roundabout Intersections

= Traffic Calming: State of the Practice - Institute of Transportation Engineers
= Manual on Uniform Traffic Control Devices - Federal Highway Administration

= A Policy on the Design of Highways and Streets - American Association of State Highway
and Transportation Officials

= Roundabouts: An Informational Guide - Federal Highway Administration

GOALS

The City of Scottsdale has developed its Neighborhood Traffic Management Program (NTMP)
with the following goals:

1. Minimize negative impacts of traffic in neighborhoods through ongoing monitoring and
improvement of the overall transportation system.

2. Work to ensure that proposed land uses, and their associated travel demands, do not
negatively impact surrounding/adjacent residential neighborhoods.
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NEIGHBORHOOD TRAFFIC MANAGEMENT

3. Protect Scottsdale’s residential neighborhoods from “unwanted” vehicle traffic.
“Unwanted” vehicle traffic is defined as any one of the following:

= Traffic operating at excessive speeds
= Vehicles with an origin and destination outside the neighborhood
= An excessive volume of traffic on a residential local or collector street

4. Balance the often-conflicting needs of calming traffic and maintaining emergency
response capability. Emergency vehicle access must be preserved.

5. Address resident traffic concerns while minimizing any negative affects to other citizens
and neighborhoods.

6. Encourage and enhance bicycle, pedestrian, and other non-motorized travel modes.

7. Accommodate direct bicycle, pedestrian, and other non-motorized access through
drainage channels, dead ends, walls, cul-de-sacs, open space, and other barriers to reach
neighborhood destinations such as homes, schools, parks, libraries, retail centers, civic
spaces, and trip generators. Generally, an easement is required to accomplish these
purposes.

8. The NTMP is not designed to address dangerous intersections, mitigate noise, or to
redesign the overall transportation/street classification system, as these concerns should
be addressed separately.

9. Achieve broad-based citizen participation, which is an essential element in the
development of an effective Neighborhood Traffic Management Program.

More information is available online at www.ScottsdaleAZ.gov/safety/speed!.

PROCEDURES

Traffic calming requests will be initially forwarded through the Speed Awareness Program
(SAP) within the Citizen and Neighborhood Resources Department (CNR). The SAP
coordinator will forward traffic calming requests that need further attention to Traffic
Engineering for review.

Traffic Engineering will then make recommendations as to the issues, potential remedies, and
procedures.

All traffic calming requests related to development activity will be reviewed by Transportation
Department as part of the development review process. Developers are not to make proposals
directly to residents without consulting Traffic Engineering staff. Traffic Engineering staff will
review and make recommendations that may include:

= Design mitigation

= A formal Traffic Impact Mitigation Analysis (TIMA) process — see Section 5-1.100
= Neighborhood meetings

= Review by Transportation Commission

Design Standards & Policies Manual
City of Scottsdale - August 2008


http://www.scottsdaleaz.gov/safety/speed/

NEIGHBORHOOD TRAFFIC MANAGEMENT

Request Received

(from resident, staff or elected official)

N

Speed Awareness Program

Education: speed trailers, radar guns, signs, letters and/or meetings
Enforcement: police officer, photo enforcement
Engineering: traffic action request form signed by 10+ residents
along street, requesting traffic calming be considered.
a. data collection and review
b. qualify and validate request
c. rank requests based upon:
- speeds - volumes - schools
- sidewalks - pedestrians - driveways

Traffic Engineering and Citizen & Neighborhood Resources meet
with staff and neighborhood to discuss concerns, evaluate needs,
define goals and select options.

P Signing / Striping & Speed Awareness Program
- add signs and striping as needed
- continue Speed Awareness Program

—pp  Speed Hump Program

- paid for by residents

- Traffic Engineering to create concept plan
and provide guidance

- Neighborhood hires contractor to construct
speed humps

OPTIONS

—pp | Traffic Calming Program
- paid for by the City
- Traffic Engineering and Residents:
a. finalize plan and cost estimate
b. locate/arrange funding
c. design and construct

FIGURE 5.9-1 NEIGHBORHOOD TRAFFIC MANAGEMENT PROGRAM FLOWCHART
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Section 5-10

FLEXIBLE PAVEMENT

This section describes procedures for designing
structural sections of flexible pavements
constructed within the city’s public rights-of-way.
Developers of private property normally do this
construction as a condition of development as

stipulated by the city.
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DEPARTMENT RESOURCE INFORMATION

Aviation/Airport 15000 N. Airport Dr. 480-312-2321
Advance Planning Services 7506 E. Indian School Rd. 480-312-7990
Capital Project Management 7447 E. Indian School Rd., Suite 205 480-312-7250
Current Planning 7447 E. Indian School Rd., Suite 105  480-312-7000
Customer Service 7447 E. Indian School Rd., Suite 100 480-312-7800
Downtown Group 4248 N. Craftsman Ct. 480-312-7750
Facilities Management 9191 E. San Salvador Dr. 480-312-5999
Fire & Life Safety/ 8401 E. Indian School Rd. 480-312-1855
Inspections

Fire Plan Review 7447 E. Indian School Rd., Suite 125  480-312-7080
Inspections & Land Survey 9191 N. San Salvador Dr. 480-312-5750
Parks Department 7340 Scottsdale Mall 480-312-2915

One Stop Shop/Permit Services 7447 E. Indian School Rd., Suite 100  480-312-2500

Plan Review 7447 E. Indian School Rd., Suite 125 480-312-7080
Records Division 7447 E. Indian School Rd., Suite 100  480-312-2356
Solid Wastewater Management 9191 N. San Salvador Dr. 480-312-5600
Stormwater Management 7447 E. Indian School Rd., Suite 205 480-312-7250
Street Operations 9191 N. San Salvador Dr. 480-312-5626
Transportation 7447 E. Indian School Rd., Suite 205 480-312-7696
Water Resources 9388 E. San Salvador Dr. 480-312-5685
City of Scottsdale www.scottsdaleaz.gov
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FLEXIBLE
PAVEMENT

transportation

ASPHALTIC CONCRETE

DEPTH AND MIX REQUIREMENTS

The asphalt concrete portion of a flexible pavement shall have a minimum depth, number of
courses, and mix design called for by street classification in Figure 5.10-1. The mix design
references are taken from the East Valley Asphalt Committee Design Standards and from
Section 710 of the MAG Specifications and the City of Scottsdale (COS) Supplements to MAG
and city of Phoenix Asphaltic Concrete Design Specifications. Mix designs and course
thicknesses other than those specified in Figure 5.10-1 may not be used unless approval to do
so is provided by the Chief Development Officer or appointed designee. Minimum lift
thicknesses are also outlined in Table 710-1 of the COS Supplements to MAG Specifications.
The mix design and course thicknesses are to be clearly indicated on paving plans for public
rights-of-way improvements.

TYPE OF MIX (From MAG TABLE 710-1)

STREET MIN.
CLASSIFICATION DEPTH Asphalt Asphalt
Base - 1st Lift Base - 2nd Lift

Rubberized Asphalt
Surface Course**

Local Residential

Minor Collector 1" of 12.5 gap graded

3’ .
Local Commercial 2" of R-12.5mm rubberized asphalt **
Local Industrial
. N N 1-1/2” of 1" of 12.5 gap graded
Major Collector 5 2-1/2" of A-19mm A-12.5mm rubberized asphalt **
Minor Arterial ”
mor Arieria 6-1/2" 3" of 25mm 2:1/2" of A-lomm | Of 125 gap graded

Major Arterial rubberized asphalt**

**Reference city of Phoenix specifications

FIGURE 5.10-1 MINIMUM ASPHALT CONCRETE DEPTH REQUIREMENTS

USE OF RECYCLED ASPHALT CONCRETE

Recycled asphalt concrete may not be used in the construction of asphalt concrete
pavements.
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FLEXIBLE PAVEMENT

SOIL TESTING REQUIREMENTS

SUBGRADE SAMPLING LOCATIONS

There should be at least one sample taken at the depth of the planned subgrade for each type
of soil found on the project site. There should also be at least one sample for each type of soil
used as fill material on which a roadway is to be built. The engineer responsible for the
pavement design should take samples in locations that will provide an accurate representation
of the subgrade lying beneath the pavement.

TYPE OF TESTS

The following tests are required for design procedures indicated and must be performed in
accordance with the American Society for Testing Materials (ASTM) procedures.

1. To use the base course design standards and policies for minor streets described in
Section 5-10.300, the following tests are required:

a. Sieve analysis is needed to determine the percent passing #200 sieve.

b. Atterberg-Limits tests for each sample (this determines the liquid limit and plastic limit
to establish the plasticity index.)

2. To use the base course design procedures for major streets described in Section 5-
10.400, or to use the structural section design procedures described in Section 5-10.500,
R-value testing is required.

a. R-value determination shall be made for exudation pressure of 3000 psi. Each
pavement thickness design must be based on the R-values determined by the tests,
and for each length of pavement to be constructed with a constant thickness design,
the lowest R-value within that length of pavement will be used. If the engineer elects
not to run R-value tests on every subgrade sample, the design report must indicate
the basis on which the engineer selected the samples for the R-value tests.

3. Swelling tests are needed if the soil type indicates the presence of soils tending to swell
significantly with added moisture.

PAVEMENT DESIGN REPORT

A pavement design report is required for each development or project in which paving in the
public rights-of-way will be done. This report must be submitted with the paving plans (or be a
part of them) and must describe the soil test results and design choices.

The report must include the following:
1. A map of the project area showing identification and location of each sample taken.

2. A description of the soil conditions.
3. Alisting of the test results on each sample.
4. A statement of conclusions applicable to the pavement design.

BASE COURSE FOR MINOR STREETS

BASE COURSE DESIGN CHARTS
The two design charts for the base courses of minor streets are shown in the following two
figures:

1. Figure 5.10-2 is a chart for the design of base courses for Local Residential Streets.

Design Standards & Policies Manual
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FIGURE 5.10-2 MINIMUM DEPTH OF BASE COURSE FOR RESIDENTIAL STREETS

2. Figure 5.10-3 is a chart for the design of base courses for:
» Minor Collector Streets
e Local Commercial Streets
 Local Industrial Streets

Note: The top 4 inches of the base course shall be Aggregate Base Course (ABC) and the
balance shall be ABC or select material.
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PLASTICITY INDEX
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o

0

FIGURE 5.10-3 BASE COURSE FOR LOCAL & MINOR COLLECTORS,
LOCAL COMMERCIAL, & LOCAL INDUSTRIAL STREETS
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Section 5-10 FLEXIBLE PAVEMENT

5-10.302 BASE COURSE SELECTION PROCEDURE

Determine a minimum base course depth by cross-referencing the plasticity index to the
percent of soil passing the #200 sieve (determined by the subgrade soils tests).

Example:

If building a minor collector street on subgrade soil with a Plasticity Index of 12, and
60% of the soil passes the #200 sieve, the base course depth will be 9 inches
(Figure 5.10-3). A local residential street on the same subgrade soil will have a base
course of 7 inches (Eigure 5.10-2). Referring to Figure 5.10-1, we find that at least 3
inches of R-19 mm asphalt concrete will be placed over either of these two bases.

5-10.303 SUBSTITUTION OF ASPHALT CONCRETE

If the total structural section depth determined with the use of Figure 5.10-1 through

Figure 5.10-3 is undesirable, a deeper asphalt concrete section can be used in lieu of some or
all of the aggregate base material at a rate of 1 inch of asphalt concrete for 3 inches of
aggregate base material. The design for a minor collector street described in the example
above could be changed to a 3-1/2-inch-deep asphalt concrete course over a 6-inch-deep
base course. This reduces the structural section from 11-1/2 inches to 9-1/2 inches.

5-10.400 BASE COURSE FOR MAJOR STREETS

5-10.401 BASE COURSE DESIGN CHART

The base course depths listed in Figure 5.10-4 below are arranged in accordance with the
street classifications and the R-values determined in the subgrade testing. The depths are
determined by the procedures used for design of structural sections described in Section 5-
10.500. For a given street classification, the street with the heaviest current and projected
traffic loading was used to determine the range of base course depths for all streets of that
classification; therefore, the base course depths listed in this chart will provide conservative
pavement designs.

R-Values
Street Classification 10 S 3 8. £ 8. 3 Srl Q. 5’? x
Sle|S|B Q|8 (8|89 "
Major Collector 26 | 2412212018 |16 |14 (12|11 |10 | 9
Minor Arterial 29| 27|25 | 23|20 |18 |16 | 14| 12|10 9
Major Arterials

FIGURE 5.10-4 MINIMUM DEPTH OF BASE COURSE

5-10.402 BASE COURSE SELECTION PROCEDURE

A base course depth is selected for a major street by finding the depth in inches for the
appropriate street classification under the proper R-value range.

Example:
If a major collector street were built on subgrade soil with an R-value of 38, the
base course would be 12 inches deep. According to Figure 5.10-1, at least 5
inches of asphalt concrete must be laid over the base course.

Page 4 Design Standards & Policies Manual
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SUBSTITUTION OF ASPHALT CONCRETE

If the total structural section depth determined with the use of Figure 5.10-1 and Figure 5.10-4
is undesirable, a deeper asphalt concrete section can be used in lieu of some or all of the
aggregate base material at the rate of 1 inch of asphalt concrete for 3 inches of aggregate
base material.

DESIGN OF STRUCTURAL SECTIONS

MODIFIED AASHTO DESIGN PROCEDURES FOR EXPRESSWAYS

The American Association of State Highway and Transportation Officials (AASHTO) published
a guide for the design of pavement structures in 1961 and a revised guide in 1972. The
Arizona Department of Transportation (ADOT) modified the procedures provided in the
AASHTO design guide to meet requirements for the State of Arizona. The city of Phoenix uses
the ADOT modified procedures and has selected certain design coefficients appropriate to the
Phoenix metropolitan area. The City of Scottsdale also uses the ADOT-modified procedures
with the city of Phoenix coefficients.

A. Assumptions

ADOT uses its own adoption of the procedures outlined in the “AASHTO Guide for Design of
Pavement Structures” published in 1961 and revised in 1972. The following assumptions must
be made:

1. The soil support capacity of the subgrade soils can be predicted adequately by testing to
determine R-values.

2. The R-values can be effectively related to a soil-bearing capacity rating scale called the
soil support value (SS).

3. A suitable pavement depth is determined by a procedure that considers the soil support
value in conjunction with projected traffics loading, environmental conditions, and
weighted structural values for the various components of the pavement structure.

DESIGN PARAMETERS

1. Soil Support Value

The soil support value represents the bearing capacity of the subgrade soil. It is determined by
a relationship established between its scale and the R-value scale, as shown in Figure 5.10-5.
This relationship is not uniform throughout the country. ADOT has established the relationship
determined by the following equation.

SS =0.094R + 1.75
SS = Soil Support Value
R = R-Value

2. Serviceability Index

Serviceability Index is a number that represents the surface condition of roadway in terms of
ride-ability, cracking, patching, and rutting at some point in its design life. It is used in the
design equation to represent the theoretical loss of serviceability over the 20-year design
period. The Initial Serviceability Index is 5.0. The Terminal Serviceability Index varies,
depending upon the level of service desired. Scottsdale uses a Terminal Serviceability
Index of 2.5.
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City of Scottsdale - August 2008

Section 5-10

5-10.403

9-10.500

5-10.501

5-10.502

Page 5



Section 5-10 FLEXIBLE PAVEMENT

Soil Support Soil Support Soil Support

R-Value Value R-Value Value R-Value Value
0 1.750 30 4.570 60 7.390
1 1.844 31 4.664 61 7.484
2 1.938 32 4.758 62 7.578
3 2.032 33 4.852 63 7.672
4 2.126 34 4.946 64 7.766
5 2.220 35 5.040 65 7.880
6 2.314 36 5.134 66 7.954
7 2.408 37 5.226 67 8.048
8 2.502 38 5.322 68 8.142
9 2.596 39 5.416 69 8.236
10 2.690 40 5.510 70 8.330
11 2.784 41 5.604 71 8.424
12 2.878 42 5.698 72 8.518
13 2.972 43 5.792 73 8.612
14 3.066 44 5.886 74 8.706
15 3.160 45 5.980 75 8.800
16 3.254 46 6.074 76 8.894
17 3.348 a7 6.168 77 8.958
18 3.442 48 6.262 78 9.082
19 3.536 49 6.358 79 9.176
20 3.630 50 6.450 80 9.270
21 3.724 51 6.544 81 9.364
22 3.818 52 6.638 82 9.458
23 3.912 53 6.732 83 9.552
24 4.006 54 6.826 84 9.646
25 4.100 55 6.920 85 9.740
26 4,194 56 7.014 86 9.834
27 4.288 57 7.108 87 9.928
28 4.382 58 7.202 88+ 10.000
29 4.476 59 7.296

FIGURE 5.10-5 ADOT MATERIAL SERVICES
R-VALUE & SOIL SUPPORT VALUE RELATIONSHIPS

3. The Structural Number

The Structural Number is derived from an analysis of traffic, subgrade soil conditions, and
environmental conditions, and is used in conjunction with structural layer coefficients (related
to the type of material used in each layer) to calculate the thickness of a flexible pavement
structure consisting of various flexible layers.

Page 6 Design Standards & Policies Manual
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FLEXIBLE PAVEMENT Section 5-10

The following is the equation for the structural number developed from data accumulated by
AASHTO:

SN=-1 [{(10504)(Wt 0-10684y(R 0.10684yy/r(1 ) 0.039714(SS-3)) (1 ) 0-10684(Gt/B)y}
SN = Structural Number
Wt = Total 18,000 pound, single-axle loads
R = Regional Factor=1.0
SS = Soil Support Value

B = 0.40+ [(0.081*19 323)/(SN+1) 519
Gt = [(Po-Py)/(Py-1.5)]
P, = Initial Serviceability Index = 5.0

P; = Terminal Serviceability Index = 2.5

Since “SN” appears on both sides of the equation, the solution can be most rapidly done by
nomograph. Figure 5.10-6 is a nomograph developed by ADOT for this purpose, with a
Terminal Serviceability Index of 2.5 and a Regional Factor of 1.0.

EQUIV. 18k SINGLE AXLE LOAD APPLICATIONS

( 105 4*\/\{0.10684,?0.10684 ) ]
SN = -
10-039714(se-3), (0.10684G;
10 5
R =25 =
20 x
S I 4 W@
L m
2 >
g 7 10,000,0004 1 o9 o 2
EE® 1,000,00 ﬁ—”—” 32
000, 100 o
© b5_ pMtE -~ =
o - (&)
> Ea 100,000, S
- TOTAL DAILY ,n_:
o F3 1,000, (20 YEAR MEAN) n
(7]

1

FIGURE 5.10-6 FLEXIBLE PAVEMENTS, 20-YEAR TRAFFIC ANALYSIS

Example:
Soil Support Value = 4.5
Equivalent 18 single axle load app. daily (20 year mean) = 140
SN =3.2
Design Standards & Policies Manual Page 7
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PROJECTED TRAFFIC LOADING

The Projected Traffic Loading is an equivalent daily application of 18,000-pound (18K) single-
axle loads. All vehicle use data during a 20-year period of time must be converted to
equivalent 18K single-axle load applications to use with Figure 5.10-6. The load applications
can be expressed either as a daily 20-year mean or as the total of the load applications
applied over a 20-year mean, times 365, times 20. The data required consists of the following:

» Current Average Daily Trips (ADT) (traffic flowing in both directions)
e The 20th year ADT (traffic flowing in both directions)
» Percentage of each type of vehicle classification
The steps described below will provide the vehicle load information used in Figure 5.10-6.

1. Average ADT in One Direction

Determine the average of the current ADT and the terminal year ADT, then divide by 2 to
arrive at an average ADT in one direction. Express this quantity in terms of thousands of
vehicles.

Example:
Current ADT = 19,500 vehicles

Terminal ADT = 33,000 vehicles

[(19.5+33.0) / 2] (0.5) = 13.125

2. Equivalent Single Axle Loads

Calculate the 18K equivalent single-axle load applications using the vehicle distribution
percentages determined by a traffic survey and the 18K single-axle load for each type of
vehicle listed in Figure 5.10-7.

Notation Ty G VETide 18I; Single-AxIe.Equiv.
er 1000 Vehicles

C Passenger cars 0.8
B Buses 250.0

2P Light 4-tire trucks 1.2

2S Heavy 4-tire trucks 5.8
2D 2-axle, 6-tire trucks 163.2
3D 3-axle trucks 598.7
251 2-axle tractor, 1-axle semi-trailer 408.2
2S2 2-axle tractor, 2-axle semi-trailer 956.5
352 3-axle tractor, 2-axle semi-trailer 514.3
2-2 2-axle truck, 2-axle semi-trailer 304.3
3-2 3-axle truck, 2-axle full trailer 936.8
3-3 3-axle truck, 3-axle full trailer 936.8
2S51-2 2-axle tractor, 1-axle semi-trailer, 2-axle full trailer 846.7
3S1-2 3-axle tractor, 1-axle semi-trailer, 2-axle full trailer 958.0

FIGURE 5.10-7 18K SINGLE-AXLE EQUIVALENT LOADS BY TYPE OF VEHICLE

Design Standards & Policies Manual
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FLEXIBLE PAVEMENT Section 5-10

Example:

If commercial vehicles make up 23.9% of all vehicles using the roadway, heavy four-tire
trucks (Type 2S) make up 18.3% of all commercial vehicles, and the Type 2S 18K single-
axle equivalent per 1,000 vehicles is 5.8, as indicated in Figure 5.10-7, then the load
application for this type of vehicle per 1,000 vehicles is:

(0.239)(0.183)(5.8) = 0.254

3. 20-Year Mean

The sum of all such loads is the equivalent 18K single-axle load per 1,000 vehicles traveling
the road. This sum must be multiplied by the average ADT for traffic in one direction calculated
above in Step 1. The result of this multiplication is the number of daily, 20-year mean,
equivalent 18K single-axle loads produced by traffic moving in one direction.

4. Lane Load

For streets with more than one lane in each direction, multiply the load calculated in Step 3
above by the following appropriate factor to calculate the design lane load:

a. Ifthe streetis to have 2 lanes in each direction, multiply the number of equivalent 18K
single-axle loads by 0.90 to arrive at a design lane equivalent 18K single-axle loading.

b. Ifthe streetis to have 3 lanes in each direction, multiply the number of equivalent 18 K
single-axle loads by 0.70 to arrive at a design lane equivalent 18K single-axle loading.

The calculations described above provide the number of daily equivalent 18K single-axle (20-
year mean) loads to be used in Figure 5.10-6.

REGIONAL FACTOR 5-10.504

The Regional Factor is used to adjust the Structural Number for climatic and environmental
conditions different from those of the AASHTO road test site. The Regional Factor is 1.0. The
nomograph shown on Figure 5.10-6 is an abbreviated form of the nomograph prepared by
ADOT, no adjustment of the Structural Number for regional conditions is needed.

STRUCTURAL COEFFICIENTS 5-10.505

The components of the pavement structure are assigned structural coefficients to be used with
the structural number in developing the design of pavement section. The coefficients shown
below were developed by the city of Phoenix from experience, tests, and correlation with
information in ADOT design manuals and MAG Specifications.

Local Pavement Component ADOT Range Local Coefficient
Asphaltic Concrete (plant mix) 0.34t0 0.46 0.39
Bituminous Treated Base 0.30t0 0.35 0.31
Cement Treated Base* 0.15t0 0.29 0.23
Aggregate Base 0.081t00.14 0.12
Select Material 0.05t00.12 0.11

*The Cement Treated Base coefficient is for plant mix. If a road mix is used, the
percentage of cement to be used must be increased by 0.5%.

FIGURE 5.10-8 STRUCTURAL COEFFICIENTS
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5-10.506 THE DESIGN PROCEDURE

1. Determine the Structural Number (SN) for the pavement to be designed, using the
following method:

a. Determine the R-values by testing and select an R-value for the design, using the
formula found in Section 5-10.502(1).

b. Calculate the equivalent 18K single-axle load application for the length of the street for
which the pavement design is required, using the calculation described in Section 5-
10.503.

c. Using the Soil Support Value obtained in Step 1-a above, plot that value on the Soil
Support Value Scale in Figure 5.10-6.

d. Using the equivalent 18K single-axle, 20-year load total or the daily, 20-year mean
traffic loading data obtained in Step 1-b above, plot the traffic load on the appropriate

scale on Figure 5.10-6.

e. Draw a straight line from the point plotted on the Soil Support Value Scale of
Figure 5.10-6 through the point plotted on the equivalent 18K single-axle load scale
until it intersects the Structural Number Scale. Use the Structural Number that can be
read at its intersection for the pavement design.

2. Use the Structural Number to calculate the thickness of the structural components with the
following equation:

C1D1 + C2C2 + C3D3...CNDN = SN
C1,C2,C3 = Structural Coefficient (from Section 5-10.505)
D1,D2,D3...= Thickness of Component

Example:

From Section 5-10.505, we find that the structural coefficients are 0.39 for the asphaltic
concrete, 0.12 for the ABC and 0.11 for the select material. The calculation of the
thickness of the select material (SM) is accomplished in the following manner:

C1D1 + C2D2 + C3D3 = SN
(0.39)(5)+(0.12)(4)+(0.11)(SM) = 3.2

Solving for SM and rounding off to the nearest inch:

SM =7.0inches
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