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Design Guidelines
The design development guidelines featured in this Appendix have been
tailored to meet the specific facility development needs of the Wake
County Consolidated Open Space System. The purpose of these guidelines is to assist the County and its municipalities and partnering organizations in developing open space and greenway facilities.

Description

These guidelines provide a variety of trail facility and ecological system
restoration concepts and ideas. These guidelines are not a substitute for
a more thorough examination and detailed landscape architectural and
engineering evaluation of each project segment. These guidelines serve
as minimum standards for greenway facility development. Wake County
disclaims any liability for the use, appropriateness and accuracy of these
guidelines as they apply to a specific project. They are not to be used for
construction.

• Adherence to national design standards for off-road trails and greenway facilities, as defined by the American Association of State Highway
Transportation Officials (AASHTO), the Americans with Disabilities Act
(ADA), Designing Sidewalks and Trails for Access: Part 2 and the Manual on Uniform Traffic Control Devices.
For more in-depth information and design development standards, the following publications should be consulted:
Greenways: A Guide to Planning, Design and Development
Published by Island Press, 1993
Authors: Charles A. Flink and Robert Searns
For more information visit www.greenways.com
Trails for the Twenty-First Century
Published by Island Press, 2001
Authors: Charles A. Flink, Robert Searns and Kristine Olka
For more information visit www.greenways.com

Resources
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The following resource materials have been used in the preparation of
these guidelines:
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Additional
Resources

Guide to the Development of Bicycle Facilities
Updated in 2000 by the American Association of State Highway
Transportation Officials (AASHTO). Available from FHWA or
AASHTO. www.aashto.org/bookstore/abs.html
Manual on Uniform Traffic Control Devices (MUTCD)
Published by the U. S. Department of Transportation, Washington,
DC
Universal Access to Outdoor Recreation: A Design Guide
Published by PLAE, Inc., Berkeley, CA, 1993
Designing Sidewalks and Trails for Access: Part Two - Best
Practices Design Guide
Published by U.S. Department of Transportation, Washington, DC,
2001
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In all cases, the recommended guidelines in this report meet or exceed
national standards. Should these national standards be revised in the
future and result in discrepancies with this chapter, the national standards
should prevail for all design decisions.
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Other useful web sites for information include:
Rails-to-Trails Conservancy - www.railtrails.org
National Park Service - www.nps.org
U.S. Department of Transportation - www.walkinginfo.org and
		
www.bicyclinginfo.org
Trails and Greenways Clearinghouse - 				
		
www.trailsandgreenways.org
National Bicycle and Pedestrian Clearinghouse - 			
		
www.bikefed.org/clear.htm
Greenways Incorporated - www.greenways.com
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Buffers are required in water supply watersheds throughout the state as
part of the Water Supply Watershed Management Program. The Division of Water Quality manages the program through oversight of local
ordinances and monitoring of land use activities. Local water supply
watershed programs must be approved by the NC Environmental Management Commission (EMC). The program requires local governments
to adopt land use controls that include buffer protection. For low-density
development, 30-foot buffers are required along perennial streams, and
100-foot buffers are required for high-density development. There are five
major water supply watersheds within Wake County: Falls Lake, Jordan
Lake, Wake Forest Reservoir, Swift Creek, and Little River. In addition, a
small portion of the County near Fuquay-Varina drains to the Cape Fear
River, which is used as a water supply by Lillington.
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Riparian buffers serve many functions. They filter stormwater pollutants,
help moderate stream flow, stabilize streambanks, moderate stream temperature, and provide aquatic and terrestrial habitat. The Neuse Nutrient
Sensitive Waters (NSW) rules require that new developments maintain
an existing 50-foot vegetated buffer on both sides of all intermittent and
perennial streams, lakes and ponds within the Neuse River Basin. Approximately 85 percent of Wake County lies within the Neuse River Basin.
For the purpose of the rules, a waterbody exists if the feature is present
on either the most recent version of the soil map or 7.5 minute quadrangle topographic map prepared by United States Geographical Systems
(USGS). The required buffers consist of two zones: a 30-foot undisturbed
zone adjacent to each side of the waterbody, and a vegetated zone that
extends from the outer edge of the 30 foot zone for a distance of at least
20 feet.
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Stream buffers within Wake County should be established to protect
water quality and animal habitat. For the purpose of greenway facility
development, a minimum of 50-feet wide buffer (150-feet preferred) as
measured from the top of streambank is required in order to mitigate the
damaging effects of flooding from storms, filter pollutants from overland
flow and develop appropriately sized greenway trail facilities.
Wake County has applied the Neuse River Basin 50-foot buffer throughout the county. (See the attached Neuse River Buffer Rules.) Some of the
municipalities within the county (Garner, Apex, Cary and Morrisville) have
placed additional buffers up to 100-feet on their streams, according to
each stream's order.
Instead of using this conventional method of prescriptive buffers, stream
buffers should be a varied width according to ecological features of the
watershed. Each buffer width will be site specific, depending on the following characteristics of the stream, riparian buffer and watershed:
- Slope
- Soil
- Hydrology
- Vegetation
- Water Quality
- Impervious Surface
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The appropriate width for a variety of characteristic combinations will be
discussed more in depth in the Wake County Consolidated Open Space
and Greenways Plan.
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Corridor Planting

Some basic guides for planting in corridors is as follows:
- Efforts should be made to eliminate non-native invasive species,
such as privet, from corridors.
- Native overstory and understory trees/shrubs should be
replanted where vegetation is removed or harmed due to
construction of parks, trails, etc. in greenway corridors or open
space.
- Fallen trees should not be removed unless they obstruct trails or
present danger. Otherwise, they should be left to decay
naturally.
- Evergreens, conifers (pines) and deciduous trees should all be
used proportionally.
- Mast producing trees and shrubs with berries should be utilized
for wildlife food whenever possible.
- Flowering trees and shrubs can be used to draw attention to
important intersections and entrances.
- Evergreen shade trees are needed near seating areas and picnic
tables.
- Evergreen shrubs, such as wax myrtle, can help separate public

One of the following types of trail treads should be used when designing
greenway trails and sidewalks. The appropriate trail type will depend on
the specific site conditions of the trail segment. Some of the characteristics of the trail corridor to consider are soil type, vegetation cover, flooding, slope and wildlife habitat sensitivity, among others.

Types of Trail
Treads

Creekside Trail Tread

Typical Multi-Use Creekside Trail Cross Section
Creekside trails should be a minimum of 10'-wide for multi-use trails. The
installation of railings, benches, signage, and trash receptacles that could
obstruct flow during storm events, should be carefully considered. Creekside trails must be designed and installed in a manner that minimizes
their effect on flood waters and protects the amenities from flood damage.
The use of retaining walls as seat walls is one way in which non-obtrusive
amenities can be included on this type of trail facility. Special consideration should be paid to mitigating the impacts of trail construction on the
natural environment.
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Creekside trails are located only in urban areas, where right-of-way constraints and channelized streams restrict trail development to the floodway. Creekside trails are designed to accommodate walkers, bicyclists,
rollerbladers, and joggers. These multi-use trails are typically positioned
directly adjacent to the stream channel and are therefore subject to frequent flooding. These trails require hard-paved surfaces of concrete to
withstand high-velocity stream flows. Retaining walls or other structural
elements may also be required for stable construction and to protect the
trail from erosion and flood damage.
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Floodway Trail Tread
Multi-use trails within the floodway are designed to accommodate a variety of users including walkers, joggers, cyclists, and rollerbladers. These
multi-use trails are typically positioned within the floodway but not directly
adjacent to streams. Some vegetative buffer between the stream and trail
should be left intact. Like the streamside trails, trails within the floodway
are subject to periodic flooding, however, not as frequently. These trails
require paved surfaces of either asphalt or concrete depending on frequency of flooding and expected velocity of flow. A proper trail foundation
is important and will increase the longevity of the trail. No soft shoulder
should be constructed due to flood considerations. Special consideration
should be given to the mitigation of negative impacts from trail development on the natural stream environment.

Wake County Open Space Plan - Revised September 2006

Multi-use trails within the floodway should be built with a minimum width
of 10 feet. All elements of the trail including the trail tread, railings, benches, and trash receptacles will be periodically flooded. The design and
materials for these trails should be carefully selected accordingly.
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Typical Multi-Use Trail Cross Section
(Within the Floodway)

Asphalt Paving on Aggregate Base
Paving Cross Section

Concrete Paving on Aggregate Base

Floodplain Trail Tread
Multi-use trails within the floodplain are designed to accommodate a
variety of users including walkers, joggers, cyclists, and in-line skaters.
These multi-use trails are typically positioned outside the floodway but
within the floodplain. Significant vegetative buffers between the stream
and trail should be left intact. Multi-use trails within the floodplain are subject to occasional flooding during large storm events. It is recommended
that these trails be built with paved asphalt, however an aggregate stone
surface may be adequate in some locations.

Typical Multi-Use Trail Cross Section
(Within the Floodplain)

Asphalt Paving on Aggregate Base
Paving Cross Section

Gravel Paving on Aggregate Base
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Multi-use trails within the floodplain should be built to a minimum width
of 10’, although12’ to 14’ is preferred. The graphics below illustrate two
suitable pavement cross sections that can be used to build multi-use trails
within the floodplain.
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Upland Trail Tread
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Upland multi-use trails are designed to accommodate a variety of users including walkers, joggers, cyclists and in-line skaters. These upland
multi-use trails are typically positioned completely outside designated
floodplains. Significant vegetative buffer between any streams and the
trail should be left intact. It is recommended that these trails be built with
paved asphalt or aggregate stone, depending on the preference of local
user groups. Upland multi-use trails should be built to a minimum width of
10’, though 12’ is preferred.
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Upland Trail Cross Section

Asphalt Paving on Aggregate Base
Paving Cross Section

Gravel Paving on Aggregate Base

Footpath/Hiking Trail
Footpaths or hiking trails are designed to accommodate pedestrians
and are not intended for cyclists or other wheeled users. These natural
surface trails typically make use of dirt, rock, soil, forest litter, pine mulch
and other native materials for the trail surface. Preparation varies from
machine-worked surfaces to those worn only by usage. This is the most
appropriate surface for ecologically sensitive areas.

3’-6’ dirt, gravel, soil,
mulch, leaf litter, etc.
trail surface

These pathways, often very narrow, sometimes follow strenuous routes
and may limit access to all but skilled users. Construction of these trails
mainly consists of providing positive drainage for the trail tread and
should not involve extensive removal of existing vegetation. Timbers may
be used for steps along steep slopes. These trails vary in width from 3
feet to 6 feet and vertical clearance should be maintained at 9 feet. These
trails are most commonly found within the streamside zone.
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Footpath Cross Section
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Boardwalk Trail Tread
Boardwalks, or wood surface trails, are typically required when crossing
wetlands or poorly-drained areas. While boardwalks can be considered
multi-use trails, the surface tends to be slippery when wet and not best
suited for wheeled users. Boardwalks intended for use by bikes, pedestrians, in-line skaters and others should be a minimum of 14 feet wide.
However, boardwalk trails limited to pedestrian use can be as narrow as 8
feet. If maintenance vehicles use the boardwalk for access, it should be a
minimum of 14 feet.
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8’-0” to 14’-0”
depending on use
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Boardwalk Cross Section

Wood surfaced trails are usually composed of sawn wooden planks or
lumber that forms the top layer of a bridge, boardwalk or deck. The most
commonly used woods for trail surfacing are exposure- and decay- resistant species such as pine, redwood, fir, larch, cedar, hemlock and spruce.
Wood is a preferred surface type for special applications because of its
strength and comparative weight, its aesthetic appeal and its versatility.
Synthetic wood, manufactured from recycled plastics, is now available
for use as a substitute in conventional outdoor wood construction. While
these products are more expensive than wood lumber, recycled plastic
lumber lasts much longer, does not splinter or warp and will not discolor.

Paved Multi-Use Trail
Typical pavement design for paved, off-road, multi-use trails should be
based upon the specific loading and soil conditions for each project.
These trails, typically composed of asphalt or concrete, should be designed to withstand the loading requirements of occasional maintenance
and emergency vehicles. In areas prone to frequent flooding, it is recommended that concrete be used because of its excellent durability.
One important concern for asphalt, multi-use trails is the deterioration of
trail edges. Installation of a geotextile fabric beneath a layer of aggregate
base course (ABC) can help to maintain the edge of a trail. It is important
to provide a 2’- wide graded shoulder to prevent trail edges from crumbling.
4" aggregate base course
Side slopes shall
be less than
3:1typ.
unless other
wise in
dicated on la
yout
plans
. Cut an
d fill slopes shall tie into
existing slopes to create an
enev
transition
.

2' shoul
der

8'-0" Minimum

2" Bituminous Concrete
surface course

2' shoul
der

2%max cross slope

GeotextileFabric, per specs

CleanBackfill
(seed or mulch per sp
)

Notes:

1. Cross
slope
directionaries
vSection
. See la
yout plans
frodirectionfoslope
Multi-Use
Trail
Cross

The minimum width for two-directional trails is 10’, however 12’-14’ widths
8
Asphaltheavy
Pav
ement Construction
Detail
are preferred
where
traffic is expected.
Centerline stripes should be
Not toScale
5 for paths that generate substantial amounts of pedestrian trafconsidered
fic. Possible conflicts between user groups must be considered during the
design phase, as cyclists often travel at a faster speed than other users.
Radii minimums should also be considered depending on the different
user groups.
Asphalt is a hard surface material that is popular for a variety of rural,
suburban and urban trails. It is composed of asphalt cement and graded
aggregate stone. It is a flexible pavement and can be installed on virtually
any slope.
Concrete surfaces are capable of withstanding the most powerful environmental forces. They hold up well against the erosive action of water,
root intrusion and subgrade deficiencies such as soft soils. Most often,
concrete is used for intensive urban applications. Of all surface types, it is
the strongest and has the lowest maintenance requirement, if it is properly
installed.
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2. Amountf ocross slopearies
v between0% and 2%. See la
yout plans
3. Contractor
is responsi
blefor re-establishin
g all slopes
disturbed by construction
.
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Dual Trail Tread

4" Mulch or
2" Limestone
Dust trail Surface
12' Min. Height
Clearance

2% Slope
on Shoulders

4" Compacted
Base Course

10' - 12' Asphalt or
Concrete Surface
(varies)

2' - 5'Buffer
(varies)

4' - 6'
(varies)

Maintain 8'
VegetationClearance
ortwo Horseswidth
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Typical EquestrianPedestrian
and Pedestrian
Trail Cross
& Equestrian
Trail Section
Section
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Dual tread trails are suggested on multi-use trail systems where different
users travel at different speeds, such as equestrians and walkers. If hard
surfacing is being used on the multi-use trail, a softer, 5-foot-wide tread
for horses should be considered. Mulch, dirt, stabilized dirt or limestone
dust can be used. Hard surfaces, such as concrete and asphalt are undesirable for equestrians because they can injure horses’ hooves. Granular stone may also present problems because it can get stuck in horse
hooves.
Vertical clearance for equestrians should be at least 12 feet, with a horizontal clearance of at least 5 feet. Low-hanging tree limbs should be cut
flush with the trunk. Leaves, branches and other protrusions that could injure the horse, rider or gear should be removed. Within the tread, stumps,
large rocks and other debris should be cleared. Sight distances for equestrians, who usually travel between 4 and 6 miles per hour, should be at
lest 100’.
Dual treads may also be required for mountain biking trails.

Water Based Trail
This designation applies to those rivers and streams that can successfully
accommodate and/or which are designated to support canoeing, kayaking and boating. Water based trails can be designated with features and
facilities that make this activity more enjoyable for residents, including
signage systems, improved rapids, safety systems, and access points.
Rental outfits could be established at put in/take out points.

Small Boat Access
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Example of a Water Based Trail in Use
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Trailheads

Major and Minor Trailheads
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Typical Major Trailhead Plan View
Trail heads should be installed throughout the greenway system to give
the public access. A “trail head” is a point of formal public entry into the
greenway system that may provide certain related public facilities such
as parking, restrooms, drinking fountains, trail signage, etc. Major trail
heads and minor trail heads are suggested. Major trail heads should be
located in significant areas. An exhibition building or an interpretive exhibit
may be incorporated, along with restrooms, water fountains, picnic tables,
parking, signage, etc. Minor trail heads can be used to connect a smaller
number of people to surrounding trails, open space, parks, etc.

Typical Minor Trailhead Plan View
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Public amenities, such as phones, restrooms, etc., shall be located and
concentrated at the confluence of vehicular and pedestrian traffic. ADA
accessible restrooms should be placed at major trail access points in
order to accommodate trail users. Where possible, other uses should be
incorporated into the structure, such as storage for maintenance equipment. These structures should be located adjacent to thoroughfares for
security, maintenance and access to utility hookups. They should also
make use of natural light and ventilation as much as possible.

Typical Restrooms

Off Road
Facilities
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Restrooms

Waterless Restroom Option
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Signage Details

Directional Signage

Signage Examples

Typical T
rail Signage Constr
uction Detail
Typical
Trail Signage
Location
Not to Scale
Typical Trail Sign
from MUTCD Handbook
for Bicycle Facilities
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White
Centerline
Stripe
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3'
Min.
4'
Min.

Side slopes shall be less
than 3:1 typ.unless otherwise indicated on layout
plans.

U-Shaped
Channel
Post.

2% max
cross slope

1' Yellow
Warning
Stripe

Typical Signage Location

12'-0"
Asphalt
Trail

1' Yellow
Warning
Stripe

Notes:
1. Cross slope direction varies. See layout plans for direction of slope.
2. Amount of cross slope varies between 0% and 2%. See layout plans.
3. Contractor is responsible for re-establishing all slopes disturbed by construction.

Clean Backfill
(seed or mulch per specs)

DOT Bike Signage
The MUTCD specifies standard signage for bicycle lanes. According to
section 9B-8, the R3-16 sign should be used in advance of the beginning
of a designated bicycle lane to call attention to the lane and to the possible presence of bicycles. The MCTUD requires that the diamond lane
symbol be used with both the R3-16 and R3-17 signs.
According to Section 9B-ll of the MUTCD, the R7-9 R7-9a signs can be
used along streets where motorists are likely to park or frequently pull into
the bike lane.

LA N E

LA N E

AHEAD

ENDS

PICHT

BEGIN

LANE

ONLY

BIKE LANE signs should be replaced with bike lane
stencils, with optional NO PARKING signs where
needed.

BIKE POUTE

END

BIKE ROUTE signs, especially with BEGIN and END
riders, should be removed, or replaced with direction
signs (OBD11-1) for directional assistance.

XINC

ON
SHOULDEP

PIDE
SINCLE
FILE

BIKE XING signs are not needed
for bike lanes or shoulder
bikeways where they approach
controlled intersections.

BIKE WARNING sign with ON
SHOULDER rider is not needed
where shoulder width is adequate
for bicycling.

This warning sign is not
needed as bicyclists can judge
for themselves the width of a
lane.

Signage Examples
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NAPPOW
BIKE
LANE
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Interpretive Signage
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Signage Examples

Entry Signage
Proper trail identification at trail terminal point and major intersections is
important in the development of a comprehensive trail network. A system
of signage is important throughout Wake County to ensure that information is provided to trail users regarding the safe and appropriate use of
all facilities. Greenway entry signage may also include mileage to provide
users with a reference as to how far he or she has traveled, and the remaining distance to specific destinations.

town logo can be
added here
6”x6” wood posts

1’-6”

County Logo

Entry Signage Examples
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routed lettering
on sign panel with
colored background
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Site
Furnishings
Details

Trash Receptacles
Trash containers are necessary along all trails. They can be attractive as
well as functional and should be selected based on the amount of trash
expected, overall maintenance program of the trail, and types of users.
Trash cans need to be accessible to both trail users and maintenance
personnel. At a minimum, 22-gallon or 32-gallon containers should be located at each entranceway and at each bench seating area. They should
be set back three feet from the edge of the trail. The location of additional
trash cans will depend upon the location of concessions, facilities adjacent to the trail and areas where trail users tend to congregate.

2" x 4" Slats
(See Slat Options)

1/
4" x3/4" PLTD
.
cap screwwith nut

3/16
" x6" SQ.
steel plate
1/
4" x1"
steel bar

3/16
" x1 1/
4"
steel hoopbar
1/
4" x1 1/
4"
lag screw
247/8"
4 11/16
"
24 3/4"
basket

2 7/8" O.D.
steel pipe
2 3/8" O.D.
galvanized pipe

Typical Trash Receptacle Detail
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3/8" set screw
3/8" x3 1/
2"
cap screw

8"

