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Trail Bridge Rail Systems

James “Scott” Groenier, Project Leader

hoosing a rail system for trail bridges and

boardwalks can be difficult. This tech tip explains

the differences between three basic rail systems,
discusses Forest Service requirements, and provides a simple
process for determining the basic rail system that best fits

your structure.

Safety and Other Concerns

Public safety must always be the first consideration
when you are selecting a rail system. Safety requirements
are determined primarily by the needs of the expected trail
users. Esthetics and the rail system’s fit with the appropriate
Recreation Opportunity Spectrum (ROS) classification are
secondary considerations that often can be met through
material selection and/or coatings. Proper signs are another
issue that may be a concern when constructing trail bridges.
Consult the “Sign and Poster Guidelines for the Forest

Service” (EM 7100-15) for more information.

Codes and Regulations
The three basic rail systems typically used for trail
bridges include:

1. Urban and high-risk areas (IBC-based)—The 2006
International Building Code (IBC) refers to the rail
systems attached to buildings as guards. These rail
systems are recommended on trail bridges in urban

settings or high-use areas (figures 1 and 2). The IBC

« Rail systems are important safety features
on trail bridges and boardwalks.
« Three basic rail systems can be used for
il bridges.
. ?gifsﬁiiintry and Wilderness settings
an analysis may show that rails are not
needed and that curbs can be used.
« A relatively simple process can b.e
used to determine the type of .ra11
system that should be used with a

Forest Service trail bridge or
boardwalk.

section 1013, “Guards,” requires stairs, platforms, and
landings higher than 30 inches to have guards (rail
systems) at least 42 inches high measured from the
leading edge of the tread to the top of the guard. A 4-
inch sphere must not pass through the lower 34 inches of
the rail system and an 8-inch sphere must not pass
through the upper area of the rail system (between 34
and 42 inches). The IBC section 1607, “Live Loads,”
requires guards to resist a uniform load of 50 pounds per
linear foot or a single concentrated load of 200 pounds
applied in any direction at the top of each rail. The guard
must transfer the load through the supports to the
structure. Most intermediate rails are mounted vertically

so children cannot climb on them.

For additional information, contact: Scott Groenier, project lea_der; USDA Forest Service, MTDC; 5785 Hwy. 10 West; Missoula, MT
59808-9361. Phone: 406—-329—-4719; fax: 406-329-3719; e-mail: sjgroenier @fs.fed.us
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International Building Code Rail System

Figure 1—These rail systems meet the requirements of the 2006 International Building Code.




Figure 2—Wire mesh will prevent children from falling while they are watching whitewater rafters

on the river below (Chugach National Forest, AK).

2. Rural and moderate-risk areas (AASHTO-based)—Rail

systems on trail bridges frequently used by bicycles and
other moving traffic (figure 3) should meet the American
Association of State Highway and Transportation
Officials “AASHTO LRFD (Load and Resistance Factor

Design) Bridge Design Specifications” (AASHTO 2007).

Section 13, “Railings,” requires a railing (rail system)

at least 42 inches high for pedestrian traffic and at least
54 inches high for bicycle or equestrian traffic. A 6-
inch sphere must not pass through the lower 27 inches
of the rail system and an 8-inch sphere must not pass
through the upper area of the rail system (higher than 27
inches). A safety toe rail (AASHTO’s terminology) or

curb should be provided. The rail spacing requirements
do not apply to support rails and posts for chain link or
metal fabric fence. Mesh in chain link or metal fabric
fence should have openings no larger than 2 inches. The
design live load for railings is 50 pounds per linear foot,
both transversely and vertically, acting simultaneously.
In addition, each rail will be designed for a concentrated
load of 200 pounds, which shall act simultaneously
with the above loads at any point and in any direction

at the top of each rail. Note: Railings (rail systems) are
normally constructed horizontally so wheels will not

catch on them.




AASHTO Pedestrian Rail System

Figure 3—This ATV bridge meets the AASHTO rail system requirement. Rails are horizontal so they will not catch on tires or handlebars.

3. Remote and low-risk areas (OSHA-based)—The IBC and a standard railing. These systems provide safety without
AASHTO rail systems are complicated and expensive complication and are widely accepted for protecting
and should be used for moderate- to high-risk areas. industrial workers. While OSHA requirements apply
Remote locations (figure 4) are typically low-risk only to the workplace, its standard railing is a good
areas and may not have to meet these standards. The choice for public trail bridges in low-risk areas. OSHA
Occupational Safety and Health Administration (OSHA, 1910.23 requires every open-sided floor or platform 4
CFR 29, Part 1910, Subpart D) refers to a rail system as feet or more above the adjacent floor or ground level




to be guarded by a standard railing on all open sides or ramp. The intermediate rail shall be about halfway

except where there is an entrance to a ramp, stairway, between the top rail and the floor, platform, runway,

or fixed ladder. A standard railing shall consist of a top or ramp. A bottom rail (called a toeboard by OSHA) is
rail, intermediate rail, and posts. The railing shall have recommended. For pedestrian trail bridges, the vertical
a vertical height of 42 inches nominal from the upper distance between steel rails must not exceed 19 inches
surface of the top rail to the floor, platform, runway, and the vertical distance between wood rails must not

exceed 15 inches. The completed rail system shall be
capable of withstanding a load of at least 200 pounds

applied in any direction at any point on the top rail.

. S i
}i‘? ‘?“..,%L ) @ :‘:i “ “
iy AT, e, | | I
G S . { |
sy el e iviéf*’,, o SN |
AN L |
, 5 N

2 B At s §§’¢-&

N ~ N
- . MINIMUM OF TWO
E ) -  RAILS (TOP & MIDDLE)
REQUIRED; BOTTOM
RAIL IS ALSO
RECOMMENDED

Suiis §§

Remote Location Rail System

Figure 4—This pedestrian trail bridge (shown in photo) in a remote area has a simple rail system consisting of a top rail, middle rail, bottom rail,
and posts.




Forest Service Requirements evaluate the structure’s potential users and determine whether

The Forest Service, U.S. Department of Agriculture, the potential hazards along the trail are the same or greater
railing requirements for trail bridges are a blend of the three ~ than the hazards of a bridge without a railing. The analysis
rail systems already discussed. The Forest Service requires should also include the possibility of using a railing (rail
railings (rail systems) for all trail and pedestrian bridges. system) on only one side of the bridge.

However for trail bridges and boardwalks, railings may be Because trails in rural and urban ROS settings are likely
replaced by curbs (figure 5) when an appropriate analysis has ~ to have small children and less experienced users, a railing
been completed, as noted in the Forest Service Handbook (rail system) is warranted in most instances. In backcountry
(FSH) 7709.56b, Transportation Structures Handbook, or wilderness settings, where users normally are more
section 7.66, “Railings.” The analysis should identify and experienced, railings may not be needed. If the trail on which

the bridge is located has dropoffs that are more hazardous

than dropoffs from the trail bridge, a rail system probably

is not required. As a general rule, railings are required for
bridges or boardwalks on any trail with a dropoff of 4 feet or
more that is not in a remote area or on a remote trail with a
dropoff of 8 feet or more. All trail bridges that do not have a

railing (rail system) must have a curb.
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Curb System

Figure 5—Curbs may be used in place of railings on trail bridges and boardwalks if an analysis shows that a rail system is not warranted.




ATV Rail Systems

There have been no definitive studies of railing systems
for all-terrain vehicle (ATV) trails. In February 2002, Jasen
Neese completed an unpublished report for the Missoula
Technology and Development Center (MTDC), “Trail Bridge
Railing Geometry: Summary of Work and Preliminary
Recommendations.” Neese’s report relied on “Design and
Evaluation of Two Bridge Railings for Low-Volume Roads”
(Faller and others 1995). Neese concluded that railings
should be designed to withstand a load of 2,250 pounds or
greater. This loading would substantially increase the size
and cost of the bridge railings. An alternative design would
require curbs for ATV trail bridge railings similar to the
timber curbs currently used for low-volume road bridges
(figure 6). For road bridges, the Forest Service requires curbs

to be at least 15 inches high with the top curb member at least
6 by 10 inches.

MTDC considered using Barrier 7 software to simulate
crash tests of railing designs. The software uses finite
element analysis to model the protective shell around the
driver. Because ATVs have no protective shell around
the rider, they cannot be modeled by Barrier 7 software.
After discussing the requirements of this software with the
University of Nebraska, the center decided that it was too
costly for the limited data that would be gathered. The model
would have to be calibrated by crash testing several AT Vs at
a cost of $100,000 or more.

An alternative recommendation for ATV bridge railings
would be to keep trail bridges as narrow as possible to reduce
the angle at which ATVs glance off the curbs. A 42-inch high
pedestrian railing also may have to be installed if analysis
determines that it is needed. If no curbs are installed, a rub
rail should be installed at the height of ATV tires so the tires
do not hit the structure.

Figure 6—Curbs on trail bridges used by ATVs could be subjected to high-impact loads. Consider using curbs similar to those used on highway bridges for
low-volume roads (shown in photo). The recommended height of curbs for ATV trail bridges has not been determined.




Rail System Selection
Selection of a rail system depends on the trail bridge’s
location and its users, but public safety should be the main
objective. Questions to consider when selecting the correct
rail system for the trail bridge are:
e Who are the trail users—hikers, bikers, ATV riders, or
some combination of these users?
* Where is the trail bridge located—urban, rural, or
remote location?
* Does the trail bridge require a rail system or just curbs?
An analysis must be completed to determine the need for
a rail system.
After answering these questions, use the trail bridge
design criteria table (table 1) to determine the required railing
height for the trail’s uses. For example, if the trail is for bikes

or horses, the required railing height is 54 inches.

Next, determine which of the three rail systems fits your
trail bridge’s location and uses. If the trail is in an urban
or high-use area with children, the IBC railing would be
recommended. Trail bridges for motorized vehicles, bicycles,
or horses in urban to rural areas probably should meet the
AASHTO requirements. If the location does not fall into
one of the previous categories or is remote, then the remote
location rail system meeting OSHA specifications probably
should be used.

As a final check, conduct an analysis of the bridge and
determine whether a railing is truly required or whether a
curb could be installed instead. The decision to use a curb
instead of a railing should be well documented and included

in the design folder for the trail bridge.

Table 1—Trail bridge design criteria (Adapted from FSH 7709.56b, section 7.69, exhibit 01).

Notes:

Trail Design Use! Clear Width? Live Load? Railing Height*

Hiker/Pedestrian 3 feet’ Pedestrian or snow load 42 inches

Mountain Bike 4 feet Pedestrian or snow load 54 inches

Pack and Saddle 5 feet w/o railing Pedestrian or snow load 54 inches

6 feet w/railing

Cross Country Skiing 6 feet Pedestrian or snow load Site specific
Groomer where applicable

Motorcycle 42 inches Pedestrian or snow load 42 inches

Snowmobile 6 feet Pedestrian or snow load Site specific
Groomer where applicable

All-Terrain Vehicle 50 inches Pedestrian or snow load 42 inches

1. For trail bridges that require access for light administrative vehicles, a minimum width of 8 feet is required. The design
live load shall be AASHTO H-5 (10,000 pounds) vehicle loading.

2. Widths shown are recommended minimum clear widths between railings or curbs. Use design parameters developed for

each particular trail, which may recommend narrower bridge width. If groomers are to be used on the trail, check the

specific groomer machines for the necessary width.

3. See section 7.62 for a description and minimum requirements of pedestrian live load.

4. Railing height is the minimum if railing is required. Provide analysis to determine whether railings may be eliminated.

5. Except that footlog bridges should not be less than 10 inches.




Conclusions

Choosing a trail bridge rail system can be confusing, but
knowing the three different types makes the selection process
easier. If you follow the simple process described in this tech
tip, determining the rail system required for your trail bridge

will be straightforward.
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Electronic copies of MTDC’s documents are available on  Forest Service and Bureau of Land Management
the Internet at: employees can search a more complete collection of
http://www.fs.fed.us/t-d/ Username: t-d Password: t-d MTDC'’s documents, videos, and CDs on their internal
computer networks at:
http:/lfsweb.mtdc.wo.fs.fed.us/search/
For additional information about trail bridge rail systems
contact Scott Groenier at MTDC:
Phone: 406-329-4719
Fax: 406-329-3719
E-mail: sjgroenier @fs.fed.us

The Forest Service, United States Department of Agriculture (USDA), has developed this information tor the guidance of its employees, its contractors, and its cooperating Federal and State agencies, and is
not responsible for the interpretation or use of this information by anyone except its own employees. The use of trade, firm, or corporation names in this document is for the information and convenience of the
reader, and does not constitute an endorsement by the Department of any product or service to the exclusion of others that may be suitable.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs and activities on the basis of race, color, national origin, age, disability, and where applicable, sex, marital status, familial
status, parental status, religion, sexual orientation, genetic information, political beliefs, reprisal, or because all or part of an individual’s income is derived from any public assistance program. (Not all prohibited
bases apply to all programs.) Persons with disabilities who require alternative means for communication of program information (Braille, large print, audiotape, etc.) should contact USDA’s TARGET Center at
(202) 720-2600 (voice and TDD). To file a complaint of discrimination, write to USDA, Director, Office of Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410, or call (800) 795-3272
(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and employer.
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