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1 INTRODUCTION  

 Background 

The National Highway Traffic Safety Administration (NHTSA) estimated that 

approximately 4,300 pedestrian fatalities occurred in the United States in 2010 [1]. Leaf and 

Preusser estimated that only 5 percent of pedestrians would die when struck by a vehicle 

traveling at 20 miles per hour or less, while fatality rates of 40, 80, and nearly 100 percent would 

occur for vehicles striking pedestrians at 30, 40 and 50 mph or more, respectively [2]. Pedestrian 

fatalities may be related to transportation designs as well as human behaviors [3]. Many 

pedestrian-vehicle events are caused by motorists and pedestrians not understanding and/or 

obeying laws and safe behaviors pertaining to driving and walking [4].  

Risk of pedestrian injury is highest when crossing the street. Many intersections have 

designated crosswalk areas for pedestrians to safely cross the street, and these marked areas 

inform drivers to be mindful of pedestrian traffic. However, pedestrians may choose a more 

direct path or be distracted and enter the roadway in non-marked areas. Pedestrian rails are often 

placed adjacent to roadways to protect pedestrians from hazardous drop offs or dangerous 

excursions into the roadway. Examples of such areas, as shown in Figure 1, include (1) 

sidewalks over culverts where a pedestrian rail may be necessary to separate pedestrians from 

hazardous drop offs or (2) busy streets where median fences may be used to deter pedestrians 

from crossing in non-designated crossing locations. In some cases where pedestrian rails are 

installed to prevent pedestrians form entering areas adjacent to right of way, as shown in Figure 

2, the pedestrian rail may also prevent pedestrian maneuver options like escaping an errant 

vehicle. Thus, pedestrian rail design and placement should be carefully considered.  
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Although numerous pedestrian rails have been designed, their performance has never 

been evaluated during vehicular impact events. The Wisconsin Department of Transportation 

provided some examples of vehicle impacts on pedestrian rails are shown in Figure 3. Pedestrian 

rails that have not been evaluated to vehicle impact safety performance standards may be 

hazardous to the passengers of  errant vehicles due to disengaged components penetrating the 

windshield or occupant compartment, excessive vehicle decelerations, or vehicle instability and 

rollover. 

 Objective 

The objective of this research project was to design a crashworthy pedestrian rail that will  

protect pedestrians from hazards while not posing an undue safety risk to motorists and 

pedestrians. The new pedestrian rail must meet the design standards associated with the 

Americans with Disabilities Act (ADA) [5] and the pedestrian rail standards contained in the 

American Association of State Highway and Transportation Officials (AASHTO) Load and 

Resistance Factor Design (LRFD) Bridge Design Specifications [6]. In addition, the pedestrian 

rail was evaluated according to the Test Level 2 (TL-2) safety performance criteria for 

longitudinal channelizers published in the AASHTO Manual for Assessing Safety Hardware 

(MASH) [7].  

 Scope 

The research objective was achieved through the completion of several tasks. First, a 

survey was conducted of the Midwest States Pooled Fund Program members to identify the most 

common locations and circumstances in which a crashworthy pedestrian rail would be warranted. 

Next, a review was conducted of existing pedestrian rail and fence designs from State 

Departments of Transportation (DOT) and product manufacturers. Potential fabrication 
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materials, such as aluminum, steel, wood, and polymers, were investigated. Design concepts 

were configured, and the preferred concepts were selected for further evaluation. Bogie tests 

were conducted on the selected design concepts to evaluate their performance behavior. Two 

full -scale vehicle crash tests were performed in accordance with the MASH TL-2 impact 

conditions for longitudinal channelizers. The test results were analyzed, evaluated, and 

documented. Finally, conclusions and recommendations were made that pertain to the safety 

performance of the new pedestrian rail system. 

 
 

 
Figure 1. Examples of Pedestrian Rails 
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Figure 2. Pedestrian Rail Limiting Pedestrian Maneuver Options 
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Figure 3. Vehicle Impacts with Pedestrian Rails 
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2 LITERATURE REVIEW  

 Standards 

The prototype design concepts considered within this research project must meet three 

standards and guidelines to satisfy the objectives stated earlier. The pedestrian rail must be ADA 

compliant and meet AASHTO LRFD Bridge Design Specifications, which ensures that the rail 

will be accessible for use by all people as well as safely function as a longitudinal channelizer. 

Additional pedestrian rail design criteria included the International Building Code (IBC) [8] and 

Occupational Safety and Health Administration (OSHA), Part 1910 [9]. The AASHTO LRFD 

Bridge Design Specifications were used for the rail loading requirements, as they varied between 

the standards. .The final design concept would be evaluated according to the MASH Test Level 2 

safety performance criteria for longitudinal channelizers [7]. 

2.1.1 Americans with Disabilities Act Design Criteria 

A pedestrian rail must be accessible to all people, including those with disabilities. The 

2010 ADA Standards for Accessible Design sets forth handrail criteria [5]. The handrail needs to 

be continuous along the full length of the walkway and not be obstructed on the top or sides. The 

handrail top gripping surface should be a minimum of 34 in. (864 mm) and a maximum of 38 in. 

(965 mm) vertically above the walking surface. There should be a minimum of 1½ in. (38 mm) 

separation between the back surface of the handrail and any adjacent surface. The handrail 

gripping surface for a circular cross section shall have minimum and maximum outside 

diameters of 1¼ in. (32 mm) and 2 in. (51 mm), respectively. Non-circular cross sections shall 

have minimum and maximum perimeters of 4 in. (102 mm) and 6¼ in. (159 mm), respectively, 

with the diagonal cross section length no greater than 2¼ in. (57 mm). Maximum diagonal 

dimensions for a non-circular cross section are shown in Figure 4. If fittings are used, the 

handrail shall not rotate within them. When a vertical or horizontal force of 250 lb (1,112 N) is 
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applied on any point on the handrail, fasteners, mounting devices, or supporting structures, the 

allowable stresses shall not be exceeded.  

 
Figure 4. ADA Non-Circular Cross Section Dimensions 

2.1.2 AASHTO LRFD Bridge Design Specifications 

The AASHTO LRFD Bridge Design Specifications also provided requirements for the 

design of a pedestrian rail [6]. Pedestrian rail height should be a minimum of 42 in. (1,067 mm) 

above the walkway. A clear spacing shall apply to the lower 27 in. (686 mm) of the railing where 

a 6-in. (152-mm) diameter sphere cannot pass thought the rail elements. The clear spacing in the 

upper section of the railing above 27 in. (686 mm) shall not allow an 8-in. (203-mm) diameter 

sphere to pass through the rail elements. Chain link or metal fabric fence should not have 

openings larger than 2 in. (51 mm). 

Longitudinal railing elements must withstand a uniform live load of 50 lb/ft (730 N/m) 

simultaneously applied both transversely and vertically, along with a concentrated live load of 

200 lb (890 N) applied at any point and in any direction on the longitudinal element, as shown in 

Figure 5. The posts are subjected to a concentrated live load, PLL, defined in Equation 1. The 

concentrated live load PLL shall be applied transversely at the center of gravity of the upper 

horizontal element. For a railing mounted taller than 5 ft (1.5 m), PLL shall be applied at a point 5 
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ft (1.5 m) above the walkway. Chain link or metal fabric fence shall be designed for a distributed 

live wind load of 15 lb/ft2 (718 N/m2) applied perpendicular to the entire mesh surface. 

 
Figure 5. AASHTO Loading Criteria (Vertical 200-lb Point Load Shown) 

 ὖ ςππυπὒ (1) 
   

 

Where: PLL =  Post Point Live Load (lb) 

  L =  Post Spacing (ft) 

 

2.1.3 International Building Code 

The 2012 IBC [8] also contains handrail design criteria similar to the ADA code. The 

handrail shall be continuous along the full length of the walkway and not be obstructed on the 

top or side. The handrail top gripping surface should be a minimum of 34 in. (864 mm) and a 

maximum of 38 in. (965 mm) vertically above the walking surface. There should be a minimum 

separation of 1½ in. (38 mm) between the back surface of the handrail and any adjacent surface. 

Handrail gripping surfaces with circular cross sections shall have minimum and maximum 

outside diameter of 1¼ in. and 2 in. (32 mm and 51 mm), respectively. Non-circular cross 

sections shall have minimum and maximum surface perimeters of 4 in. and 6¼ in. (102 mm and 

159 mm), respectively, with the cross section dimension of at least 1 in. (25 mm) but no greater 
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than 2¼ in. (57 mm). Edges shall have a minimum radius of 0.01 in. (0.25 mm). If fittings are 

used, the handrail shall not rotate within them. Handrails should be designed to resist a linear 

load of 50 lb/ft (730 N/m). Handrails should also be designed to resist a concentrated load of 200 

lb (890 N) applied in any direction at any point along the top. Intermediate rails, balusters, and 

panel fillers should be designed to resist a concentrated load of 50 lb (222 N). 

2.1.4 Occupational Safety & Health Administration (OSHA) 

Handrail design criteria is also contained in Part 1910 ï Occupational Safety & Health 

Administration Regulations (Standards ï 29 CFR) [9]. A standard railing shall consist of a top 

rail, intermediate rail, and posts and shall have a vertical height of 42 in. (1,067 mm), as 

measured between the upper surface of top rail to the ground. The top rail shall be smooth 

throughout the length of the railing. Pipe railings, posts, and top and intermediate railings shall 

be at least 1½ in. (38 mm) nominal diameter with posts spaced not more than 8 ft (2.4 m) on 

center. The complete structure shall be capable of withstanding 200 lb (890 N) load applied in 

any direction at any point on the top rail. 

2.1.5 AASHTO MASH Longitudinal Channelizers 

Longitudinal channelizers are intended to provide clear visual indication of the intended 

vehicle path through a construction zone. They are not intended to contain and redirect impacting 

vehicles. The vehicle is allowed to traverse through and behind the system. Thus, the impact 

performance criterion for longitudinal channelizers is different from those used for longitudinal 

barriers. For MASH TL-2 longitudinal channelizers, two full-scale crash tests are recommended, 

test designation no. 2-90 with an 1100C vehicle and test designation no. 2-91 with a 2270P 

vehicle [7]. The impact conditions for each test vehicle are a speed of 44 mph (70 km/h) and a 

critical impact angle between 0 and 25 degrees that maximize the risk of vehicle rollover and 

excessive vehicle decelerations. 
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 Existing Pedestrian Rail Designs 

Four categories of pedestrian rails were considered: (1) concrete combination barriers, (2) 

plastic fences, (3) wood fences, and (4) metal rails. Concrete barriers are the most costly and are 

often used in combination with a metal rail or chain link fence to accommodate pedestrian safety 

in high-speed facilities. Metal rails are typically fabricated with aluminum or steel for strength 

and ease of construction. Wood fences are used for economic reasons. Current polymer fences 

are fabricated with polyvinyl chloride (PVC), high density polyethylene (HDPE), and fiber-

reinforced polymers (FRP) for aesthetics and corrosion resistance. Most combination concrete 

barriers and pedestrian rail designs have been crash tested according to safety performance 

criteria. However, plastic, wood, and metal fences and rails historically have not been crash 

tested. The most prominent designs are categorized in the following sections. However, this is 

not an all-inclusive list of pedestrian rail designs.  

2.2.1 Concrete Combination Traffic and Pedestrian Rail Designs 

The Minnesota combination bridge rail is an example of a traffic and bicycle combination 

bridge rail that has been developed and successfully crash-tested [10]. This system successfully 

met all Test Level 3 (TL-3) safety performance criteria of National Cooperative Highway 

Research Program (NCHRP) Report No. 350, Recommended Procedures for the Safety 

Performance Evaluation of Highway Features [11]. This bridge rail utilized a 31Ȫ-in. (810-mm) 

high New Jersey safety shape barrier with steel panels formed from tubular steel and posts, and 

square vertical spindle bolted to the back-side vertical face of the concrete barrier. The steel rail 

extended 22İ in. (572 mm) above the Jersey barrier, giving a total barrier height of 54Ȩ in. 

(1,381 mm). This bridge rail is a longitudinal barrier that contains and redirects impacting 

vehicles as well as prevents pedestrians from crossing at non-designated crossing locations, but 
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is more expensive and requires more installation time than a pedestrian-only rail channelizer. 

The Minnesota combination bridge rail is shown in Figure 6. 

 
 

 
Figure 6. Minnesota Combination Traffic and Pedestrian Barrier [10]
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2.2.2 Plastic Fence Designs 

Plastic fence designs create separation between two areas and are typically fabricated 

using HDPE, FRP, or PVC. Many HDPE designs were observed for use in large animal 

containment. FRP designs were commonly used as safety handrails. PVC fences commonly 

serve as boundaries on personal properties. 

HDPE fences are durable and virtually maintenance-free and stain resistant. HDPE is 

more resistant to shattering and splitting at low temperatures than common polymers. HDPE has 

very low material strength. The base of HDPE posts are commonly supported with a wood or 

metal insert. Examples of existing HDPE fences are shown in Figure 7 [12-14].  

FRP is a composite material made of a polymer reinforced with fibers, usually glass. 

FRPs also have a low weight-to-strength ratio. FRP handrail systems are corrosion-resistant, 

giving them a long lifespan with little maintenance. UV inhibitors are added to the resin during 

fabrication, along with a synthetic surfacing veil, providing protections from UV weathering. For 

these reasons, FRP handrails are often used in extreme climate locations or facilities with highly 

corrosive chemicals. Most FRP rail systems are yellow for safety reasons but also can be 

fabricated in any color. Dynarail and SAFRAIL, as shown in Figure 8, are two of many FRP 

handrails [15-17]. 

PVC fencing is commonly found as decorative barriers to divide personal property. A 

PVC fence design offers virtually no maintenance with ultraviolet inhibitors in the vinyl to 

prevent it from changing color and material properties. PVC material may become brittle under 

low temperatures. PVC can come in a wide range of colors, but when heated, material strength 

properties decline. For this reason, PVC fences are usually white to reflect the sun. The PVC 

posts are commonly supported with a wood or metal insert. Examples of PVC fencing are shown 

in Figure 9 [18-20]. 
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Figure 7. Examples of Existing HDPE Fences [12-14] 



January 18, 2016  

MwRSF Report No. TRP-03-321-15 

14 

 
 

 
 

 
 

Figure 8. Examples of Existing FRP Handrail Systems [15-17] 
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Figure 9. Examples of Existing PVC Fences [18-20] 
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2.2.3 Existing Wood Fence Designs 

Wood fences are generally used to separate personal property by acting as boundary lines 

and to contain large animals. Non-treated wood can be highly susceptible to decay, rotting, and 

bug deterioration. For this reason, most wood fences require preservative treatment as well as 

continuous maintenance and repair. Wood material properties can vary significantly, so the 

strength of each fence system may vary. Wood fences historically have not been crash tested, 

and the post and rail components may be penetrate the windshield or occupant compartment 

when impacted by errant vehicles in some cases, as shown in Figure 3. Examples of wood 

fencing are shown in Figure 10 [21-24]. 

2.2.4 Metal Barrier Designs 

The New Southern Wales Roads and Traffic Authority (RTA) developed two steel 

pedestrian rail concepts, the RTA Designed Pedestrian Fence and the Modified Welded Steel 

Mesh Fencing [25]. The RTA Designed Pedestrian Fence, as shown in Figure 11, was composed 

of customized steel posts and two rails connected with steel balusters. The balusters gave the 

barrier an anti-climb design. Although the fence was designed to collapse during impact to 

minimize damage on individual elements, evidence of crash testing was not provided. The 

staggered layout of the balusters permits visibility on both sides. This pedestrian fence design is 

preferred by the RTA. 

The Modified Welded Steel Mesh, as shown in Figure 12, was designed to deform safely 

upon vehicle impact, although no evidence of crash testing was provided. It differed from the 

Pedestrian Fence in that it was more difficult to see through at acute angles. Near the bottom of 

the fence was a longitudinal 0.4-in. (10-mm) diameter galvanized steel cable that ran through 

each panel and post. The cable was tied and clamped at the end posts. To prevent the bottom 
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from opening significantly when impacted, the bottom of the panels was secured with two 

heavy-gauge split links. 

Based on a 1988 study in the United Kingdom, pedestrian rails placed near the roadway 

diminish the ability for pedestrians and vehicles to see one another [26]. This fact is most 

prominent when the pedestrian is a child who cannot see over the rail. Although the use of 

pedestrian rails has shown to effectively improve road safety, the lack of visibility has been 

shown to be detrimental to road safety, especially for children. For this reason, Pell & Baldwin 

LTD created a steel, pedestrian-only rail called the VISIFLEX pedestrian guardrail, which was a 

more visible rail for pedestrians and motorists [27]. The VISIFLEX pedestrian guardrail, as 

shown in Figure 13, was composed with only three components ï standard panels with balusters, 

stub posts, and an end bar. All components were fabricated with galvanized steel. The balusters 

were placed at an angle and spaced appropriately for optimum visibility. The simple design 

allows for easy installation and repair of the VISIFLEX system. 

The Iowa DOT designed a welded handrail as a pedestrian rail, as shown in Figure 14 

[28]. The design consisted of two 2½-in. (64-mm) diameter steel pipe rails. The top rail was 45 

in. (1,143 mm) above the walkway, and the second rail was 24 in. (610 mm) above the walkway. 

The 2½-in. (64-mm) diameter steel pipe posts were welded to the rail elements and an 8½-in. x 

¾-in. x 8½-in. (216-mm x 19-mm x 216-mm) steel plate at the base of the post. The steel plate 

was attached with four ȩ-in. (16-mm) diameter steel stud concrete anchors, which fixed the 

pedestrian rail system to the ground.  

The Washington State DOT designed a 42-in. (1,067-mm) tall aluminum handrail, as 

shown in Figures 15 and 16 [29]. Two horizontal 2½-in. (64-mm) diameter horizontal rails were 

spliced at the posts and were 4 in. (102 mm) and 42 in. (1,067 mm) above the walkway. Posts 

were 2½ in. (64 mm) in diameter and spaced at 7 ft (2.1 m). The lower pipe surface was 4 in. 
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(102 mm) above the walkway surface. Eleven 1-in. (25-mm) diameter baluster pipes spanned 

vertically between the rails in each panel section. 
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Figure 10. Examples of Existing Wood Fences [21-24] 
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Figure 11. RTA Designed Pedestrian Barrier [25] 
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Figure 12. RTA Modified Steel Mesh [25] 
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Figure 13. VISIFLEX Pedestrian Guardrail [27] 
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Figure 14. Iowa DOT Steel Pipe Rail [28] 
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Figure 15. Washington DOT Standard Railing (Sheet 1 of 2) [29] 
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Figure 16. Washington DOT Standard Railing (Sheet 2 of 2) [29] 
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The Texas DOT pedestrian rail consisted of six horizontal rails, as shown in Figure 17 

[30]. The top rail was a 3-in. (76 mm) standard steel pipe and the lower five rails were 2-in. (51 

mm) standard steel pipe. Posts were 5 in. (127 mm) wide and spaced at a maximum of 10 ft (3.1 

m) apart. The minimum rail height was 42 in. (1,067 mm) above the walkway.  

The Ultra-tec Cable Railing Systems used varying cable diameters and frame 

constructions to accommodate for various uses, one of which was pedestrian rail [31]. Cables 

could be aligned horizontally or vertically across the frame, as shown in Figure 18 and Figure 19. 

The cables were spaced 3 in. (76 mm) from each other and had to each support a 400-lb (1,779-

N) tension minimum. Support rail braces should be placed at a minimum spacing of 42 in. (1,067 

mm). If the cables are not tensioned properly, the end posts may bend due to high cable tension. 

An aluminum, pedestrian-only rail was designed by the Florida Department of 

Transportation (FDOT), to meet the AASHTO and ADA load and dimension requirements, as 

shown in Figure 20 through Figure 27 [32-33]. The rail consisted of structural tubes, pipes, and 

bars made of aluminum alloy 6061-T6. The end hoop sections of the rail were fabricated with 

alloy 6063-T5 for better formability. Two 2-in. x 2-in. x ¼-in. (51-mm x 51-mm x 6-mm) square 

tubes were used at each post location, separated by 5¾ in. (146 mm). Total post spacing was 

specified as 5 ft ï 8 in. (1.7 m). The top horizontal member was a Schedule 10 2½-in. nominal 

pipe size (73-mm x 3-mm) round tube. The bottom and intermediate horizontal members were 2-

in. x 2-in. x ¼-in. (51-mm x 51-mm x 6-mm) square tubes. Five infill panel options were 

specified including ¾-in. (19-mm) diameter round bar pickets. The pickets spanned between the 

intermediate and bottom longitudinal rails. This rail also specified an ADA-compliant handrail 

attachment.  
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Figure 17. Texas DOT Handrail [30] 

 
Figure 18. Horizontal Cable Frame [31] 
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Figure 19. Vertical Cable Frame [31] 
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Figure 20. FDOT Aluminum, Pedestrian-Only Rail (Sheet 1 of 8) [32-33]
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Figure 21. FDOT Aluminum, Pedestrian-Only Rail (Sheet 2 of 8) [32-33]
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Figure 22. FDOT Aluminum, Pedestrian-Only Rail (Sheet 3 of 8) [32-33] 
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Figure 23. FDOT Aluminum, Pedestrian-Only Rail (Sheet 4 of 8) [32-33] 


































































































































































































































































































































































































































































































































































































































































































































































































































































































