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Executive Summary 

Although the CAN/CSA-S6-06, the Canadian Highway Bridge Design Code (CHBDC) is a primary reference 

for forest road bridge design, the bridge barrier design and selection requirements are not considered 

relevant to industrial forest road bridge curb design.  Historically, forest road bridge curbs have been 

considered visual guide rails, providing delineation of the deck edge only.  Although there is a long history 

of successful utilization of timber curbs/guide rails and the recently adopted alternative W-beam and HSS 

rails, the Ministry of Natural Resource Operations (MNRO) have not established specific guidelines on 

which to base the design of these elements. 

 

As a result, the MNRO retained Associated Engineering to assist in the development of reasonable bridge 

barrier design guidelines, including specified design parameters, for Forest Service Road Bridge Guide 

Rails. 

 

The first phase of this assignment comprises a literature review of current practices for the design and 

installation of bridge barriers on low volume roads and forestry road bridges in North America. 

 

We focussed the review on three areas: 

 

(1) Current regulatory requirements and guidelines. 

(2) Research related to barrier design and selection. 

(3) Standard bridge barriers currently used by various regulatory authorities. 

 

The documents reviewed included: 

 

 Canadian Highway Bridge Design Code including Provincial modifications. 

 AASHTO “Load and Resistance Factor Design (LRFD) Bridge Design Specifications” including 

State modifications. 

 AASHTO “Standard Specifications for Highway Bridges”. 

 AASHTO documentation related to the design of low volume roads. 

 US Forest Service “Transportation Structures Handbook” which governs the design of bridges 

operated by the US Forest Service. 

 Occupational Health and Safety Regulations in several Canadian and American jurisdictions. 

 Ontario Ministry of Natural Resources Crown Land Bridge Management Guidelines. 

 Research pertaining to bridge barriers on low volume roads including a report from the University of 

British Columbia (UBC), which summarizes the static testing of bridge barriers currently utilized by 

the MNRO and an Iowa State University survey on US bridge barrier practices on low volume 

roads. 

 Standard bridge barriers adopted in other jurisdictions that may be applicable on MNRO roads. 
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Upon review of the documents, we are able to draw the following conclusions: 

 

.1 All jurisdictions, with the exception of the MNRO and Ministry of Natural Resources in Ontario, 

typically require the use of crash-tested bridge barriers. 

.2 Occupational Health and Safety Regulatory requirements in British Columbia and the Western 

United States mandate, as a minimum, the installation of a timber curb on single lane forestry 

bridges. 

.3 No jurisdictions specifically address the containment of heavy industrial traffic. 

.4 The US Forest Service, BC Ministry of Transportation and Infrastructure and Ontario Ministry of 

Transportation provide warrants for the use of crash tested TL-1 bridge barriers.  These warrants 

vary in requirements but typically include a maximum allowable AADT and a maximum height 

above water. 

.5 Bridges with higher traffic volumes or where the bridge deck is higher than 5 m above water 

typically require the installation of TL-2 (CHBDC PL-1) crash-tested barriers. 

.6 Most jurisdictions require the installation of pre-approved standard barriers. 
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1 Introduction 

Although the CAN/CSA-S6-06, Canadian Highway Bridge Design Code (CHBDC) is a primary reference for 

forest road bridge design, the bridge barrier design requirements are not considered relevant to industrial 

forest road bridge curb design.  Historically, forest road bridge curbs have been considered visual guide 

rails, providing delineation of the deck edge only.  Although there is a long history of successful utilization of 

timber curbs/guide rails and the recently adopted alternative W-beam and HSS rails (Figure 1(A) and (B)), 

the Ministry of Natural Resource Operations (MNRO) have not established specific guidelines on which to 

base the design of these elements. 

 

As a result, the MNRO retained Associated Engineering to assist in the development of reasonable bridge 

barrier design guidelines, including specified design parameters, for Forest Service Road bridge guide rails. 

 

 

 

 

 

 

 

 

 

 

(A) Timber Curb     (B) W-Beam Rail 

 

Figure 1 

Typical Forestry Bridge Barriers in British Columbia 

 

This project aims to address this question by providing the MNRO with assistance in developing standard 

bridge barrier design parameters for forest road applications.  To facilitate the completion of the project, we 

have divided the project into the following three phases: 

 

Phase 1: Literature Review. 

Phase 2: Develop a conceptual approach to designing bridge barriers and evaluating bridge barrier 

designs. 

Phase 3: Develop design parameters that the MNRO can adopt to design and evaluate bridge barrier 

systems. 

1 
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Upon completion of this assignment, we anticipate that the MNRO will have guidelines and design 

parameters to facilitate the evaluation of existing bridge barriers and the design of new barriers on forest 

road bridges. 

 

This report summarizes the first phase of the assignment; a literature review of current practices for the 

design and installation of bridge barriers on low volume roads and forestry road bridges in North America.  

To facilitate the literature review, we focused on three categories of documents: 

 

.1 Current Regulatory Requirements:  This includes the regulatory framework developed by owners 

to guide the design and installation of bridge barriers. 

.2 Research:  This includes investigative work covering the design of bridge barriers on low volume 

road or forest road bridges.  We also reviewed a number of “bridge barrier guidelines” and 

previously completed literature reviews focused on bridge barrier design. 

.3 Standard Bridge Barriers:  This includes typical bridge barriers recommended by various 

regulatory bodies for installation on low-volume road or forest road bridges. 

 

As this project focuses on the design of bridge barriers for bridges located on low volume industrial roads, 

we have focused our efforts on documents governing or related to this specific situation.  Since the majority 

of regulatory requirements refer owners and designers to the governing bridge design codes, we have also 

reviewed the requirements of the Canadian Highway Bridge Design Code, AASHTO LRFD and AASHTO 

17th Edition.  In summary, we reviewed the following regulatory documents: 

 

 2006 Canadian Highway Bridge Design Code. 

 Alberta, British Columbia and Ontario supplements/modifications to the Canadian Highway Bridge 

Design Code. 

 Ontario Ministry of Natural Resources Crown Land Bridge Management Guidelines. 

 National Cooperative Highway Research Program (NCHRP) Report 230 and Report 350. 

 1994 – 2007 AASHTO LRFD Bridge Design Specifications. 

 1992 – 2002 AASHTO Specifications for Highway Bridges. 

 1989 AASHTO Guide Specifications for Bridge Railings. 

 2001 AASHTO Guidelines for Geometric Design of Very Low-Volume Roads (ADT < 400). 

 2006 AASHTO Roadside Design Guide. 

 2009 AASHTO Manual for Assessing Safety Hardware. 

 2005 USDA – US Forest Service Transportation Structures Handbook. 

 Various US State bridge design guides and supplements to national standards. 

 

Prior to presenting a review of the current regulatory practices, we have presented a brief summary of the 

historical development of bridge barrier design to provide a framework for the interpretation of the 

regulations. 
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We were unable to source a significant body of research related to the design and/or selection of bridge 

barriers on low volume roads.  The documents we did source included: 

 

 Recent research and testing completed at the University of British Columbia for the MNRO. 

 Iowa State University Institute for Transportation survey on bridge barrier practices on low volume 

roads. 

 Research related to weak post bridge barriers. 

 Unpublished research paper by the Ontario Ministry of Transportation on bridge barriers. 

 

In addition, we also reviewed a number of standard bridge barriers that may be applicable on MNRO roads. 

 

To help understand the evolution of bridge barrier design and the development of the associated regulatory 

regime and accompanying literature, the following presents a very brief historical overview of the 

development of bridge barrier design in Canada and the United States.  We address individual items in 

more detail in the subsequent sections of the report. 

 

 Pre-1980:  Extensive full-scale crash testing of in-service bridge barriers that had been designed 

using traditional static load methods of the day reveals poor performance relating to strength and 

geometry. 

 Pre-1981:  Bridge barriers designed using static design forces specified in AASHTO Standard 

Specifications for Highway Bridges or the Canadian Highway Bridge Design Code. 

 1981 – NHCRP Report 230:  "Recommended Procedures for the Safety Performance Evaluation of 

Highway Safety Appurtenances”.  This document incorporated new procedures, updated the 

evaluation criteria, and brought the procedures up to date with available technology and practices.  

This document served as the primary reference for full-scale crash testing of highway safety 

appurtenances in the United States. 

 1986:  Federal Highway Administration mandates that all barriers incorporated into Federal-aid 

projects be crash-tested in accordance with NHCRP Report 230. 

 1989:  AASHTO adopts requirements for full-scale crash testing in the 1989 AASHTO Guide 

Specification for Bridge Railings.  This specification mandated three barrier performance levels (PL-

1, PL-2 and PL-3) that were consistent with NCHRP 230. 

 1991:  Ministry of Transport in Ontario adopts full-scale crash testing of bridge barriers in 

accordance with AASHTO and NCHRP 230. 

 1993:  NHCRP 350 “Recommended Procedures for the Safety Performance Evaluation of Highway 

Features”.  This document is an update to the previously released NCHRP 230 report and provides 

for a wider range of test procedures and vehicles, including increasing the number of performance 

levels from three to six. 

 1994:  AASHTO LRFD Bridge Design Specifications adopts a modified version of the 1989 

AASHTO Guide Specification for Bridge Railings. 
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 1998:  AASHTO LRFD Bridge Design Specifications (2
nd

 Edition) eliminates the barrier selection 

tables referenced in the 1989 AASHTO Guide Specification for Bridge Railings, but maintains the 

concept of multiple performance levels and recommends that owners develop warrants for each 

bridge site and select a railing that best satisfies the concerns of the warrant.  In addition, the 1998 

LRFD replaced the three performance levels with six performance levels.  These six levels are 

consistent with the new testing procedures and criteria specified in NCHRP 350. 

 2000:  The Canadian Highway Bridge Design Code adopts the three barriers performance levels 

and crash-testing requirements included in the 1989 AASHTO Guide Specification for Bridge 

Railings.  The most recent updates of the CHBDC (2006 and 2010) have not revised these criteria 

although we anticipate that the 2012 CHBDC will incorporate six performance levels used in 

NCHRP 350. 

 2009:  AASHTO publishes the “Manual for Analysis of Safety Hardware (MASH)” to replace 

NCHRP 350.  This document further refines the crash-testing criteria and evaluation. 
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2 Review of Canadian Regulatory Requirements 

The following provides a MNRO and summary of the bridge barrier requirements mandated by the 

Canadian Highway Bridge Design Code, MNRO, Ontario Ministry of Transportation, Ontario Ministry of 

Natural Resources, Alberta Transportation, WorkSafeBC, and the Ontario Ministry of Labour.  With the 

exceptions of these authorities, we found no literature from Canadian Provinces and Territories regarding 

bridge barriers on low-volume and forestry/industrial roads. 

 

2.1 2006 CANADIAN HIGHWAY BRIDGE DESIGN CODE 

The Canadian Highway Bridge Design Code (CHBDC) CAN/CSA-S6-06 offers a prescriptive approach to 

railing design.  It recognizes three barrier „performance levels‟, with PL-1 being the lowest performance 

level, and PL-3 being the highest.  The code also includes a rationale for alternative performance levels 

when approved by the regulatory authority. CHBDC bases the selection of a performance level on a “Barrier 

Exposure Index” that accounts for Annual Average Daily Traffic (AADT) and factors related to bridge width, 

curvature, grade, and height.  Based on the Barrier Exposure Index, design speed, percentage of truck 

traffic and barrier clearance, CHBDC provides guidance on the selection of the most appropriate 

performance level.  Once the designer adopts a performance level, CHBDC requires that the preferred 

barrier be crash-tested to the 1981 NCHRP Report 230 (see Section 3.1).  CHBDC, however, provides an 

exception for determining the adequacy of a barrier by evaluating the performance of a similar barrier when 

struck by vehicles. 

 

The CHBDC Commentary offers several crash-tested barrier details for each performance level.  

Additionally, several Provincial Ministries of Transportation publish crash-tested barrier details on their 

respective websites and typically require that barriers conform to these standards.  Though crash testing is 

specified for all barriers, the CHBDC presents design forces to facilitate the design of barrier-to-deck 

connections.  Table 2-1 summarizes the CHBDC design forces. 

 

Table 2-1 

Summary of Barrier Design forces in the 2006 CHBDC 

(factored loads in parentheses) 

 

Design Forces 
Barrier Performance Level 

PL-1 PL-2 PL-3 

Transverse Load, kN 50 (85) 100 (170) 210 (357) 

Longitudinal Load, kN 20 (34) 30 (51) 70 (119) 

Vertical Load (kN) 10 (17) 30 (51) 90 (153) 

 

2 
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Table 2-2 summarizes the Barrier Exposure Index calculations for the following three typical scenarios that 

the MNRO may encounter: 

 

 Scenario 1:  Typical single lane bridge on horizontal tangent with vertical grade less than 2% and 

overall height above water/ground less than 8.0 m. 

 Scenario 2:  Single lane bridge on a horizontal curve (radius less than 300 m) with a vertical grade 

greater than 6% and height above water/ground greater than 5.0 m, i.e., short bridge on a curve. 

 Scenario 3:  High-level bridge on horizontal tangent with vertical grade less than 4% and overall 

height above water/ground greater less than 24.0 m. 

 

Table 2-2 

Sample Calculations of Barrier Exposure Index for 

Single Lane Bridge on Forest Road 

 

 
Typical

1
 

Steep Vertical Grade 

and Horizontal Curve
2
 

High-level Crossing
3
 

AADT
5
 400 400 400 

Kh 2.00 2.00 2.00 

Kc 1.00 4.00 1.00 

Kg 1.00 2.00 1.50 

Ks 1.00 0.70 2.85 

Be
4
 0.8 4.48 3.42 

Barrier Clearance <2.5 m 

Design Speed 50 km/hr 

Percentage of Trucks 40% 

Performance Level PL-1 PL-1 PL-1 

Note: 

1. Typical bridge on horizontal tangent with vertical grade less than 2% and overall height above water/ground less 

than 8.0 m. 

2. Bridge on a horizontal curve (radius less than 300 m) with a vertical grade greater than 6% and height above 

water/ground greater than 5.0 m, i.e., short bridge on a curve. 

3. High-level bridge on horizontal tangent with vertical grade less than 4% and overall height above water/ground 

greater less than 24.0 m. 

4. If 7.4<Be<40.0, PL-2 level barrier required. 

5. Typical limit for low volume roads. 
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A review of the Barrier Exposure Index for a typical single lane bridge located on a forestry road where the 

road alignment is on a tangent with a limited vertical grade suggests that the PL-1 performance level is 

appropriate.  However, the CHBDC methodology might result in a PL-2 performance level barrier for 

bridges located on both horizontal and vertical curves with significant clearance above ground/water. 

 

BC Ministry of Natural Resource Operations 

The BC MNRO “Forest Service Bridge Design and Construction Manual” and “Interim MFR Bridge Design 

Guidelines” provide guidance on barrier design for forestry roads.  The interim guidelines state that bridge 

design must conform to the 2006 CHBDC, modified to suit forestry bridges.  The manual states that bridge 

rails must conform to one of three standard design options:  Timber Curb, W-Beam, or HSS Beam systems, 

all of which are shown in Figure 2 below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Timber Curb    W-Beam    HSS Beam 

 

Figure 2 

Standard Bridge Rails Prescribed by the MNRO 

 

 

Although each of these systems appear to be performing successfully, they have not been crash-tested to 

NCHRP or MASH standards, nor do they appear to meet the design and selection requirements of either 

the CHDBC or AASHTO LRFD. 
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2.2 ONTARIO MINISTRY OF TRANSPORTATION 

The Ontario Ministry of Transport (MTO) offers some guidance on the use of barriers with performance 

levels less than that mandated by the CHBDC for low-volume, low-speed, and low-hazard bridges.  In 

“Exceptions to the Canadian Highway Bridge Design Code CAN/CSA-S6-00”  The MTO defines the 

following two levels of barriers, LVPL1 and LVPL2 for consideration on low volume roads: 

 

 LVPL1:  Railing must be able to successfully redirect a pick-up truck with a speed of 25 km/hr and 

an impact angle of 15
0
.  The level of performance is less than that for LVPL2 and is intended for 

very low volume and low speed traffic. 

 

 LVPL2:  Railing must satisfy Test Level 1 of NCHRP Report 350 (successfully redirect a pick-up 

truck with a speed of 50 km/hr and an impact angle of 25
o
).  The level of performance is better than 

that for LVPL1 but less than that for PL-1 from CHBDC and is intended for low volume traffic at 

moderate speeds. 

 

Table 2-3 summarizes the MTO Barrier Selection criteria for LVPL1 and LVPL2 barriers.  Sample barrier 

details are included in Appendix B. 

 

Table 2-3 

MTO Barrier Selection Criteria 

 

Barrier ADT Deck Height
1
 Operating Speed Bridge Width 

LVPL2 (TL-1) ≤400 ≤5.0m 
≤50 km/hr No limit 

≤80 km/hr ≤5.0m 

LVPL1 ≤100 ≤2.5m 
≤25 km/hr No limit 

≤40 km/hr ≤5.0m 

Note: 
1
 Measured to top of water 

 



 2 - Review of Canadian Regulatory Requirements 
 

 2-5 

2.3 ONTARIO MINISTRY OF NATURAL RESOURCES 

The Ontario Ministry of Natural Resources (MNR) provides guidance on the use of bridge barriers for 

forestry and resource roads in “Crown Land Bridge Management Guidelines”.  In this document, the MNR 

recognizes that while the CHDBC is an up-to-date technical reference, it is not intended to apply to bridges 

on low volume roads.  As such, the document states that MTO‟s “Guidelines for the Design of Bridges on 

Low Volume Roads” provides exceptions and modified criteria that may be more applicable to resource 

road bridges. 

 

These exceptions include allowing a narrower deck width, and mandating that “curb and railing systems are 

designed to provide deck width delineation only”.  The document also states that “Curbs and railings need 

not be designed to withstand live loads specified in the Bridge Code.  They are intended to mark the edge 

of the bridge deck and need not be designed to deflect an impacting vehicle”. 

 

The MNR requires that if timber curbs are used, they should be at least 28 cm (11”) above the travel 

surface. It recommends that for bridges with significant hazards, such as height above water or poor 

alignment/visibility, guardrails should be used, in accordance with MNR standard drawings. Standard MNR 

timber curb and metal rails are shown in Figure 3 below, and the Full drawings can be seen in Appendix F. 

 

 

 

 

 

 

 

 

 

 

Timber Curb 

 

 

 

 

 

 

 

 

 

 

Metal Rail 

 

Figure 3 

Standard Bridge Rails Prescribed by the Ontario MNR 
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Upon discussion with an MNR Engineer, they clarified that timber curbs are used for the majority of bridges, 

though railings are used in cases of bridges with high pedestrian traffic or appreciable height above water.  

The MNR also stated that regardless of what type of barrier system is used, it does not specify a 

Performance or Test Level, as it does not want to guarantee a particular level of vehicle containment. 

 

2.4 BRITISH COLUMBIA MINISTRY OF TRANSPORT AND INFRASTRUCTURE 

The British Columbia Ministry of Transport and Infrastructure (MoTI) provides some guidance on the use of 

bridge barriers for low volume roads in the “Low Volume Road Bridge Design Guidelines”.  In this 

document, the MoTI accepts the use of a lower performance barrier than that mandated by the CHBDC.  

Specifically, the MoTI accepts barriers crash-tested to NCHRP 350 Test Level 1 when: 

 

 ADT ≤ 50. 

 Deck height above the channel bottom ≤ 4.0 m. 

 Operating speed ≤ 50 km/hr. 

 Bridge width < 8.5 m. 

 

2.5 ALBERTA TRANSPORTATION 

The Alberta Ministry of Transportation “Bridge Structures Design Criteria” has an extensive list of standard 

barriers, the most applicable of which is a PL-1 „Low Height Thrie Beam Bridge Rail‟ for low volume bridges 

with a width less than nine metres. 

 

2.6 WORKSAFE BC 

Although WorkSafeBC does not provide guidance on bridge barrier design, Part 26 of the Occupational 

Health and Safety (OHS) Guidelines, „Forestry Operations and Similar Activities‟, requires that open sides 

of bridges used by logging trucks be equipped with timber or log curbs or bull rails of sufficient height to 

prevent vehicles from running off the structure, but not less than 10 inches (250 mm).  The definition of 

„vehicles‟ is not explicitly stated.  The full passage from the OHS guidelines is included in Appendix C. 

 

2.7 ONTARIO MINISTRY OF LABOUR 

The Ontario Ministry of Labour‟s Occupational Health and Safety Act requires that bridges on haul roads 

“have curbs of a height of not less that 15 cm (6”) on each side of the travelled portion of the bridge”.  

Unlike WorkSafe BC‟s guidelines, the Ontario act makes no mention of vehicle containment. 
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3 Review of United States Regulatory Requirements 

3.1 NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM – REPORTS 

The National Cooperative Highway Research Program (NCHRP) conducts research in problem areas that 

affect highway planning, design, construction, operation, and maintenance nationwide.  This Federally 

funded program, administered by the Transportation Research Board, has produced a number of reports 

over the last forty years that have guided the design and testing of bridge barriers.  The two most commonly 

referenced documents are: 

 

NCHRP 230 Report - Recommended Procedures for the Safety Performance Evaluation of Highway 

Appurtenances:  This Report presents procedures for conducting crash tests and in-service evaluation of 

roadside appurtenances including longitudinal barriers such as bridge barriers, guardrails, median barriers, 

transitions and terminals and other features that may occur within or alongside a roadway.  The Report 

does not refer to Performance Levels or provide guidance on performance criteria to facilitate barrier 

selection; rather it ascribes this task to policy makers. 

 

NCHRP 350 Report - Recommended Procedures for the Safety Performance Evaluation of Highway 

Features:  This Report supersedes the NCHRP 230 Report and incorporated numerous major revisions 

including: 

 

 Changes to the test vehicle. 

 Changes to the number of impact conditions of the test matrices. 

 Adoption of the concept of “test levels” as opposed to “service levels”. 

 Changes to evaluation criteria. 

 

AASHTO has recently released the „Manual for Assessing Safety Hardware‟ (MASH) which will supersede 

the NCHRP Report 350.  We have included a review of MASH (2009) in Section 4.2.2. 

 

3.2 AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 

(AASHTO) 

3.2.1 AASHTO 1989 Guide Specifications for Bridge Rail Design 

The American Association of State Highway and Transportation Officials (AASHTO) has produced 

several documents and standards pertaining to bridge railing design, spanning several decades, 

and design philosophies.  The most recent, the 1989 “Guide Specifications for Bridge Rail Design”, 

calls for three performance levels, based on NCHRP 230 crash-test requirements.  The 

performance level is selected from a table based on design speed, percentage truck traffic, number 

of lanes, and AADT.  This document guided bridge railing design in the United States until 1994 

and is the basis for the CHBDC barrier design philosophy. 

3 
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3.2.2 Manual for Assessing Safety Hardware, First Edition 

The AASHTO “Manual for Assessing Safety Hardware” (MASH) presents uniform guidelines for 

crash testing permanent and temporary highway safety features and recommends evaluation 

criteria to assess test results.  MASH is an update to, and supersedes NCHRP Report 350, 

Recommended Procedures for the Safety Performance Evaluation of Highway Features, for the 

purposes of evaluating new safety hardware devices.  MASH does not supersede any guidelines 

for the design of roadside safety hardware, which are contained within the AASHTO Roadside 

Design Guide.  Further, current recommended regulatory policy in the United Sates suggests all 

highway safety hardware accepted prior to the adoption of MASH – using criteria contained in 

NCHRP Report 350 – are considered acceptable and retesting is not required.  However, new 

highway safety hardware not previously evaluated must utilize MASH for testing and evaluation. 

 

MASH has increased the weight of all test vehicles by 13%, compared to NCHRP Report 350.  In 

addition, MASH increased the impact angle for passenger cars from 20
o
 to 25

o
 for all test levels.  

The manual has not altered the 25
o
 impact angle for pickup trucks or the 15

o
 angle for single-unit 

trucks, tractor-van trailers, and tractor-tank trailers.  It has been suggested that a 25
o
 impact angle 

is unrealistic on a single lane bridge and as such, the US Forest Service is questioning the 

relevancy of MASH for the testing of TL-1 and TL-2 barriers for forestry roads.  A summary of crash 

test requirements for TL-1 and TL-2 barriers is provided in Table 3-1 below. 

 

Table 3-1 

MASH Crash Test Criteria for TL-1 and TL-2 Barriers 

 

Test Level Vehicle Vehicle Mass, 

lb. (kg) 

Impact Speed, 

mph (km/h) 

Impact Angle, 

Degrees 

TL-1 Intermediate Car 

Pickup Truck 

3300 (1500) 

5000 (2270) 

31 (50) 

31 (50) 

0 – 25 

0 – 25 

TL-2 Intermediate Car 

Pickup Truck 

3300 (1500) 

5000 (2270) 

44 (70) 

44 (70) 

0 – 25 

0 – 25 

 

 

3.2.3 Standard Specifications for Highway Bridges 17th Edition (2002) 

The 2002 “Standard Specifications for Highway Bridges” presents the Allowable Stress and Load 

Factor Design methodologies for bridges.  Since the Federal Highway Administration and Sates 

have established the goal that all new bridges conform to the Load and Resistance Factor Design 

(LRFD) by 2007, this Standard is no longer being updated.  Notwithstanding, numerous authorities 

still accept and refer to this Standard. 
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This Standard requires the design of bridge barriers using a traditional static load method and 

specifies the magnitude and location of the transverse, horizontal and vertical static loads.  The 

Standard specifies an un-factored transverse load of 45 kN (10 kip) and a factored load of 127 kN 

 

Notwithstanding the static force design methodology included in this Code, the Federal Highway 

Administration has mandated the use of crash-tested bridge barriers since 1986 as described in 

Section 2. 

 

3.2.4 AASHTO LRFD Bridge Design Specifications 

After several decades and numerous revisions to the “Standard Specifications for Highway Bridge 

Design”, AASHTO replaced the Allowable Stress Design and Load Factor Design methodology with 

a Load and Resistance Factored Design (LRFD) philosophy in 1994.  With the publication of a new 

LRFD Bridge Design Specifications, AASHTO adopted the bridge barrier design methodology 

detailed in the 1989 AASHTO Guide Specifications for Bridge Rail Design including the mandated 

three performance levels and associated crash testing requirements.  It also referenced the 

AASHTO Roadside Design Guide, and through the commentary refers readers to the NCHRP 350 

Report, “Recommended Procedures for the Safety Performance Evaluation of Highway Features”. 

 

In 1998, AASHTO released the first revision to the LRFD Bridge Design Specifications.  Within this 

revision, AASHTO: 

 

 Increased the number of barrier types to six barrier „Test Levels‟, TL-1 through TL-6 to 

conform to NCHRP 350 Report requirements. 

 Eliminated barrier selection based on AADT and tabulated modification factors and 

incorporated a methodology that requires Owners develop warrants for bridge sites and the 

chosen railing satisfy the concerns of the warrants as completely as possible and practical.  

A warrant would provide guidance for evaluating the potential safety and operational 

benefits of traffic control features and typically convey concerns over potential traffic 

hazards rather than mandating requirements. 

 

Notwithstanding the deletion of barrier selection criteria, Table 3-2 summarizes the AASHTO 

subjective descriptors for each test level. 
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Table 3-2 

Summary of Subjective Selection Criteria for 

various Barrier Test Levels 

 

Test Level Intended Use 

TL-1 For work zones with low posted speeds and very low volume, low-speed local 

streets. 

TL-2 For work zones with moderate speeds or with small number of heavy vehicles at 

reduced speeds and most local and collector roads with favourable site 

conditions 

TL-3 For a wide range of high-speed arterial highways with low mixtures of heavy 

vehicles and with favourable site conditions. 

TL-4 For the majority of applications on high-speed highways, freeways and 

expressways with a mixture of trucks and heavy vehicles 

TL-5 For the same site conditions as TL-4 when the site conditions justify a higher 

level of rail resistance and for applications on freeways with high-speed, high-

traffic volumes and where trucks make up a significant portion of the traffic or 

when unfavourable site conditions exist. 

TL-6 For applications on freeways with high-speed, high-traffic volumes and a higher 

ratio of heavy vehicles and a highway with unfavourable site conditions. 

 

Though AASHTO LRFD states that all barriers and barrier-deck connections must be crash-tested, 

it provides design loads and loading configurations to facilitate the preliminary design of test 

specimen barriers.  Table 3-3 summarizes the AASHTO LRFD barrier design forces. 

 

 

Table 3-3 

Summary of Barrier Design Forces in AASHTO LRFD 

 

Design Forces 
Railing Test Level 

TL-1 TL-2 TL-3 TL-4 TL-5 TL-6 

Transverse Load, kN 60 120 240 240 550 780 

Longitudinal Load, kN 20 40 80 80 183 260 

Vertical Load, kN 20 20 20 80 355 355 

Note: These design forces also represent factored loads as the live load factor = 1.0 for the specified load 

combination. 

 



 3 - Review of United States Regulatory Requirements 
 

 3-5 

The recently released 5
th
 Edition of the AASHTO LRFD Bridge Design Specifications remains very 

similar to the 2
nd

 Edition with respect to the design of bridge barriers. 

 

3.2.4.1 Comparison of AASHTO LRFD Bridge Design Specifications and 

Canadian Highway Bridge Design Code Barrier Design Forces 

Although CHBDC only includes three barrier performance levels, these performance levels 

correlate with the Test Levels described in AASHTO LRFD Bridge Design Specifications.  

Table 3-4 compares the barrier loads mandated by the two Codes.  As discussed in the 

previous Section, the barrier loads provided in AASHTO LRFD Bridge Design 

Specifications are intended to facilitate the design of test-specimen barriers and their 

connection to the bridge deck, prior to full-scale crash-testing. 

 

Table 3-4 

Comparison of AASHTO LRFD and CHBDC 

Barrier Design Forces 

 

Design Forces
1
 

AASHTO LRFD Railing Test Level (Modified for 

Comparison) 

TL-1 TL-2 TL-3 TL-4 TL-5 TL-6 

Transverse Load, kN 35 70 141 141 323 458 

Longitudinal Load, kN 12 24 47 47 108 153 

Vertical Load, kN 12 12 12 48 209 209 

Load Height, mm 685 685 685 810 1070 2290 

Design Forces
2
 

CHBDC Railing Performance Level 

PL-1 PL-2 PL-3 

Transverse Load, kN 50 100 210 

Longitudinal Load, kN 20 30 70 

Vertical Load, kN 10 30 90 

Load Height, mm 680 800 1050 

Note: 
1
 The AASHTO LRFD load factor for barrier design forces is 1.0.  To compare these to CHBDC un-

factored loads, they must be divided by the CHBDC Live Load Factor of 1.7. 

2
 The CHBDC load factor for barrier connection design forces is 1.7.  The values shown are un-

factored. 
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A review of Table 3-4 suggests that: 

 

 The PL-1 barrier is similar to the TL-2 for all design forces. 

 The PL-2 barrier is similar to the TL-4 for all design forces. 

 The PL-3 barrier is similar to the TL-5 for lateral and longitudinal design forces. 

 

It should also be noted the AASHTO LRFD design forces are consistently 40% higher than 

the equivalent CHBDC design forces.  The AASHTO LRFD design forces are based on 

peak forces observed during full-scale crash-testing at each of the test-levels, and are used 

to design prototype barriers for crash-testing.  In comparison, CHBDC specifies that the 

design forces may be used to design the barriers‟ connection to the bridge deck.  It has 

been observed that forces imparted on barrier anchorages are typically less than the 

observed peak forces, and CHBDC has therefore reduced the AASHTO LRFD forces by 

40% to account for this observation. 

 

3.2.5 AASHTO Roadside Design Guide 

The AASHTO “Roadside Design Guide” presents a synthesis of information and operating practices 

related to roadside safety.  This guide defines the roadside as that area beyond the traveled way 

(driving lanes) and the shoulder (if any) of the roadway itself, hence the focus of the guide is on 

safety treatments that minimize the likelihood of serious injuries when a driver runs off the road.  

When considering bridge barriers, the Guide draws heavily upon the AASHTO LRFD Bridge Design 

Specifications and the NCHRP 350 Report and provides a summary of best practices.  The Guide 

does not specifically address low-volume roads except to state that the US Forest Services has 

designed and tested a number of barriers to the TL-1 criteria. 

 

3.2.6 Guidelines for Geometric Design of Very Low-Volume Local Roads (ADT ≤ 400) 

The AASHTO “Guidelines for Geometric Design of Very Low-Volume Local Roads (ADT ≤ 400)” 

addresses the unique needs of roads with low traffic volumes and reduced frequency of crashes 

where the traditional design approach use for higher traffic volumes results in less cost effective 

designs.  It is intended that the Guide be used in lieu of the AASHTO “A Policy on Geometric 

Design of Highways and Streets” and AASHTO “Roadside Design Guide”.  This Guide highlights 

the following two unique characteristics of low-volume roads: 

 

 Given the very low traffic volumes, encounters between vehicles that represent 

opportunities for crashes to occur are rare events and that multiple-vehicle collisions of any 

kind are extremely rare events. 

 

 The local nature of the road means that most motorists using the road have traveled it 

before and are familiar with its features, i.e., geometric design features that might surprise 

an unfamiliar driver will be anticipated by the familiar driver. 
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Although the Guide focuses on providing geometric design guidelines, it does provide some useful 

definitions and summarizes a risk-based approach to the design of very low-volume roads.  Of 

specific interest, is the definition of various types of rural low-volume roads including: 

 

 Major access roads. 

 Minor access roads. 

 Industrial/commercial access roads. 

 Agricultural access roads. 

 Recreational and scenic roads. 

 Resource recovery roads. 

 

Where a rural resource recovery road is defined as “...local roads serving logging or mining 

operations”.  Such roads are typically found only in rural areas.  Resource recovery roads are 

distinctly different from the other functional subclasses of very low-volume local roads in that they 

are used primarily by vehicles involved with the resource recovery activities and the driving 

population consists or exclusively of professional drivers with large vehicles.  In some cases, traffic 

operations on resource recovery roads are enhanced through radio communication between 

drivers, enabling such roads to be built and to operate as single-lane roads.  Most resource 

recovery roads are un-paved.” 

 

The Guide provides limited guidance with respect to bridges, but does address the design of single 

lane bridges, suggesting that they are a suitable solution where appropriate.  The Guide 

recommends the adoption of a minimum bridge width of 4.5 m and provides some additional 

guidance for wider single lane bridges.  No guidance is provided on the selection of bridge barriers 

and readers are referred to other AASHTO and NCHRP publications. 

 

3.3 US DEPARTMENT OF AGRICULTURE – US FOREST SERVICE 

 

The US Forest Service references two documents for the design of bridge barriers, regulatory requirements 

are defined within the “Forest Service Manual – Chapter 7720 – Transportation System – Development” 

(FSM) and design guidance is provided in the “Transportation Structures Handbook – Chapter 7 – Road 

Bridge Design” (TSH).  Since the majority of the guidance is contained within the TSH, this is where we 

have focussed our review.  The current version of the TSH was published in 2005; however, the FSM and 

TSH are currently being revised.  We anticipate that the US Forest Service will publish the revised versions 

during 2011.  To assist with our review, Rodney Dell „Andréa, P.E., a US Forest Service Regional Engineer, 

based in Alaska, provided us with draft versions of the revised FSM and TSH.  The following briefly 

summarises the existing and proposed requirements for bridge barriers on bridges falling under the 

jurisdiction of the US Forest Service. 
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3.3.1 2005 Transportation Structures Handbook 

The 2005 TSH references the following AASHTO publications (described in Section 3): 

 

 AASHTO Roadside Design Guide. 

 AASHTO Standard Specifications for Highway Bridges. 

 AASHTO LRFD Bridge Design Specifications. 

 AASHTO Guidelines for Geometric Design of Very Low-Volume Local Roads (ADT ≤ 400). 

 

In addition, the TSH also allows for the replacement of railings with a curb-only system for bridges 

at low-hazard sites that experience low volumes of low-speed traffic, and when object markers 

(bridge delineators) provide sufficient advance warning of the bridge.  A warrant for a curb-only 

system is included in Appendix D. 

 

In summary, the approach to bridge barrier design is as follows: 

 

Bridge Widths 

Single lane bridges must have a minimum clear width between curbs of 4.3 m.  The 2005 TSH 

allows wider single lane bridges but the designer must ensure that the single-lane bridge does not 

create the appearance of two traffic lanes. 

 

Double-lane bridges must have a minimum clear width between curbs of 7.3 m.  The 2005 TSH 

allows deviances from these guidelines if the widths are consistent with the intended use. 

 

Bridge Railings 

When designing bridge railings, the 2005 TSH mandates safety is the primary criterion for railing 

system selection.  Further, a bridge railing is required to: 

 

 Laterally restrain a collision with the design vehicle and limit deceleration to a tolerable 

level. 

 Smoothly redirect any colliding vehicles. 

 Remain intact during a collision. 

 Protect vehicle occupants and pedestrians where sidewalks are used. 

 Provide delineation of the bridge and increase visibility. 

 Be simple to maintain. 

 Meet the above requirements, giving emphasis first to safety, and secondly to aesthetics 

and costs. 

 

Railing Design Loads 

The TSH requires that all bridge railings be designed to AASHTO Standard Specifications for 

Highway Bridges or that the chosen system be fully crash-tested.  The TSH does not provide any 

guidance on the selection of an appropriate Test Level. 
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For double-lane road bridges, the TSH requires the design of railings to the railing design load cited 

in AASHTO Standard Specifications for Highway Bridges.  On single-lane road bridges, the 2005 

TSH allows a 50% reduction in the AASHTO Standard Specifications for Highway Bridges design 

loads.  However, the TSH recommends use of the full railing design load for the following: 

 

 Where the design speed is relatively high and, in combination with poor approach 

alignment, creates a substantially increased risk of a vehicle colliding with the railing at a 

large impact angle. 

 Where the potential hazard resulting from penetration of the railing system by a vehicle is 

high, such as those with decks 20‟ (6.1 m) or more above the stream. 

 Where stream depth and/or current velocity are high, creating an extreme hazard to 

occupants of any vehicle that enters the water. 

 

In addition, the TSH also allows for the replacement of railings with a curb-only system for bridges 

at low-hazard sites that experience low volumes of low-speed traffic, and when object markers 

(bridge delineators) provide sufficient advance warning of the bridge.  A warrant for a curb-only 

system is included in Appendix D. 

 

In making this decision, engineers need to consider the following: 

 

 Traffic speed. 

 Traffic volume. 

 Road alignment and bridge length. 

 Bridge width (at least as wide as road travel-way and shoulders). 

 Pedestrian traffic. 

 Comparing the bridge as a hazard to the other hazards along the road. 

 Curb design. 

 

For curb-only systems, the top of the curbs are required to be a minimum of 15” (375 mm) above 

the travel surface, and for timber curbs, 6”x10” (150 mm x 250 mm) pieces are to be used, as a 

minimum. 

 

Approach Railings 

The TSH also requires the installation of approach railings on all new bridges with bridge barriers.  

To facilitate the design of the approach railings, the TSH provides guidance on the run-out length, 

lateral extent of area of concern, tangent length of barrier immediately upstream of area of concern 

and flare rate.  Further, the TSH requires a minimum 11.43 m of approach railings where the design 

speed exceeds 50 km/hr. 
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For bridges with curbs and where appropriate bridge delineation is provided, approach barriers are 

not required. 

 

3.3.2 Proposed Revisions to the Transportation Structures Handbook 

The following briefly describes the proposed changes to the 2005 FSH that effect bridge barrier 

design.  The 2011 TSH has removed all references to the AASHTO Standard Specifications for 

Highway Bridges and now refers to the current edition of AASHTO LRFD Bridge Design 

Specifications. 

 

As included in the 2005 TSH, the 2011 TSH allows for a lowering of AASHTO bridge design 

standards as detailed within the TSH and outlined in the AASHTO Guidelines for Geometric Design 

of Very Low-Volume Local Roads (ADT ≤ 400). 

 

In summary, the proposed revised approach to bridge barrier design is as follows: 

 

Bridge Railings 

When designing bridge railings, the 2011 TSH continues to mandate safety as the primary criterion 

for railing system selection.  The primary purpose of bridge barriers is to contain and redirect 

vehicles using the bridge.  All new bridge barrier systems should be structurally and geometrically 

crashworthy with consideration given to: 

 

 Protecting the occupants of the vehicle. 

 Protecting other vehicles and users near the collision. 

 Barrier Cost. 

 Appearance and freedom of view. 

 

These are similar requirements to what was previously included in the 2005 TSH. 

 

Railing Design Loads 

The 2011 TSH has removed all reference to railing design loads and requires that engineers adopt 

a railing system that has been shown to meet the desired Test Level through crash testing.  The 

2011 TSH further defines this crashworthy railing system as “a barrier system that has been 

successfully crash-tested to a currently acceptable test level or can be geometrically and 

structurally evaluated as equal to a crash-tested system.”  This definition provides US Forest 

Service Engineers with the ability to evaluate systems that may not have been crash-tested but 

they can show are equivalent to crash-tested systems. 
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To assist with the selection of the appropriate Test Level, the 2011 TSH provides warrants, as 

detailed in Table 3-5.  In developing these warrants, the 2011 TSH references the Test Levels 

included in the AASHTO LRFD Bridge Design Specifications and the NHCRP 350 Report.  Further, 

the 2011 TSH suggests that the TL-1 barrier applies to most National Forest System road 

applications.  In specifying the use of a crash-tested barrier, the 2011 TSH requires that both the 

barrier and its connection to the deck be crash-tested.  To assist with the design of the deck, 

reference is made to the railing loads recommended in the AASHTO LRFD Bridge Design 

Specifications. 

 

Table 3-5 

Minimum Bridge Barrier Requirements on 

National Forest Service Road and Land 

 

Objective Maintenance Level (ML)
1
 Minimum Required Test Level (TL)

2
 

ML 1 and 2 TL-1 

ML 3 Design Speed < 31 mph (50 km/hr) TL-1 

ML 3 Design Speed > 30 mph (50 km/hr) TL-2 

ML 4 and 5 TL-3 

Note: 

 ML 1:  Closed and not maintained; only available for administrative use (sometimes considered to be in 

"storage”). 

 ML 2:  Limited use; high clearance vehicles only and/or commercial logging or construction access. 

 ML 3:  All passenger and commercial vehicles; slow speed; single-lane native surface; usually low 

volume. 

 ML 4:  All passenger and commercial vehicles; moderate speed; single- or double-lane; native or paved 

surface; volume generally around 100 ADT. 

 ML 5:  All passenger and commercial vehicles; moderate to higher speed; generally double-lane; 

generally paved surface; access major points of interest in Forest Service and/or adjacent National or 

State parks and/or part of scenic loop; volumes generally exceeding 100 ADT. 

 

As noted in Table 3-5, the Forest Service considers an 18” high timber curb an acceptable TL-1 

bridge barrier, regardless of whether or not approach rails are used.  In addition, the minimum 

concrete deck thickness for top mounted curbs is 8” (200 mm) and 12” (300 mm) for side mounted 

curbs.  The minimum height for TL-2 and TL-3 railings is 27” (686 mm). 
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Approach Railings 

The 2011 TSH also requires the installation of approach railings on all new bridges with bridge 

barriers using a similar design methodology to that stated in the 2005 TSH.  Further, for bridges 

with curbs and where appropriate bridge delineation is provided, approach barriers are not 

required. 

 

3.4 OCCUPATIONAL SAFETY AND HEALTH REGULATIONS 

Similar to considering Occupational Health and Safety Requirements in British Columbia, we considered 

regulations in Alaska, Oregon and Washington State.  The State of Alaska Occupational Safety and Health 

(AOSH) „Additional Logging Standards‟ addresses minimum safety standards specific to logging operations.  

It requires the installation of shear rails on both outside edges of bridges.  The rails are required to 

withstand the impact of the wheels of a loaded vehicle, and the top of the rails shall not be less than 15” 

(375 mm) above the bridge surface.  The Washington State Department of Labour and Industries requires 

the same minimum shear rail specifications, while the Oregon Occupational Safety and Health Division 

requires that rails have a minimum height of 9” (225 mm), and that this height be achieved by using 6” by 6” 

timbers set on 4” by 6” blocks.  No guidance is provided regarding the definition of “loaded vehicle” in these 

regulations.  Appendix C includes the full passages from each of the State OSH regulations. 

 

3.5 OTHER REGULATORY FRAMEWORK 

Several other regulatory bodies in North America provide varying levels of guidance for low-volume bridge 

barrier design.  The Maine Department of Transportation (DOT) states that if the ADT is less than or equal 

to half the maximum allowed for the TL-2 system, a bridge barrier may be designed based on AASHTO 

LRFD requirements for connection design forces TL-2 loads, rather than crash tested.  No other regulatory 

body appears to offer a similar approach. 

 

Several State DOT‟s have standard bridge railings for low-volume roads, all of which have been crash-

tested to NCHRP Report 350 standards.  These standard railings generally meet TL-2 requirements.  Most 

DOT‟s, for which documentation could be found, do not have specific design philosophies for low-volume 

roads, and follow either AASHTO „Standard Specifications for Highway Bridge Design‟ or AASHTO LRFD 

methodologies for barrier design and selection. 
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4 Research and Guidelines 

We were unable to locate many research documents specific to low-volume bridge barrier design with the 

exception of actual barrier crash test reports that are included in Appendix E.  The Ontario Ministry of 

Transportation published a report, “Bridge Barriers:  Analysis, Performance, and Selection”, comparing the 

CHBDC and AASHTO LRFD methodologies for highway barrier design.  The report recommends the 

adoption of the six LRFD test levels, in lieu of the current three performance levels.  It also recommends a 

modified methodology for calculating the „Barrier Exposure Index‟, and the associated test level selection.  

A review of this revised selection criteria suggests that it would require the use of either TL-1 or TL-2 

performance levels depending on percentage of trucks, height above water and whether the bridge lies on 

horizontal curve.  The Ontario Ministry of Transportation has not adopted these revised selection criteria. 

 

The University of British Columbia (UBC) recently published a report titled “Experimental Evaluation of 

Guard Rail System for Bridges” (Villiard, Khorasani, & Stiemer, 2010).  The report summarizes the results 

of the static testing of several MNRO standard bridge barriers, for the purpose of comparing the resulting 

barrier capacities to specified design loads included in the Canadian Highway Bridge Design Code.  It 

should be noted that static testing does not meet the CHBDC requirements for crash testing. 

 

UBC tested the following barrier systems: 

 

 System I: Timber guardrail and risers on timber cross ties. 

 System II: Timber rails and timber risers on a timber bracket. 

 System III: Side-mounted all steel system. 

 System IV: All steel system (post only). 

 

Table 4-1 tabulates the barrier resistances for each system. 
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Table 4-1 

UBC Barrier System Static Test Results 

 

System 

System Type 
Average 

Capacity 

(kN) 

TL-1
2
 

Modified to 

S6-06 (kN) 

TL-2
2
 

Modified to 

S6-06 (kN) 

TL-3
2
 

Modified 

to S6-06 

(kN) 

I (D.Fir) Timber guardrail and 

risers on timber cross ties 

45 

43 86 171 

I (Hemlock) 38.5 

II (D.Fir) 
Timber rail and risers on 

steel bracket 
38 

III 
Side-mounted HSS all 

steel system 
118 

IV (2-25φ 

anchor bolts) 

HSS all steel system (post 

only) 
169 

Note: 
1
 Barrier classification assigned by AE by comparing capacities against suggested demands specified by CHBDC and 

AASHTO LRFD. 
2
 AASHTO LRFD Factored Transverse Barrier design forces are divided by 1.4 to reflect equivalent factored CHBDC 

forces. 

 

Based on the testing it appears that the existing timber curb system does not meet the requirements for an 

AASHTO LRFD TL-1 barrier, while the side-mounted steel barrier may conform to the TL-2 requirements if 

the barrier-deck connection has sufficient capacity.  The railing systems II, III and IV were tested using a 

steel W-flange beam and steel spacer plates for anchorage and do not reflect the actual connection to a 

precast concrete deck.  Therefore, the ultimate capacities and failure modes of each system may not reflect 

the true behaviour of the same system when anchored to a precast concrete deck. 

 

The Iowa State University Institute for Transportation (ISUIT) published a research report entitled “Bridge 

Rail and Approach Railing for Low-Volume Roads in Iowa”.  As part of the report, ISUIT surveyed and 

gathered literature from various State and County transportation authorities on their respective design 

methodologies for bridge and approach rails for low-volume roads. 

 

The report states that while many jurisdictions have standard crash-tested railings, most do not have 

special provisions for low-volume bridges beyond what is offered in AASHTO LRFD or „Standard 

Specifications for Highway Bridge Design‟. 
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The report also notes that: 

 

 Most low-volume bridges have bridge barriers that do not meet „current acceptable standards‟. 

 Makes recommendations for the incorporation of TL-1, 2 or 3 barriers onto new low-volume 

bridges, as well as retrofitting existing bridges. 

 Proper signage and approach railings are key factors for hazard reduction. 

 

4.1 WEAK POST BARRIER SYSTEMS 

As part of the literature review, we reviewed available literature on weak post or „breakaway‟ railings.  In 

theory, breakaway barriers have a weak post to deck connection that will, on vehicle impact, break away 

from the deck, and undergo significant lateral deflection as it contains the errant vehicle.  The failure of the 

post should cause little or no damage to the deck, and be relatively inexpensive to repair or replace, when 

compared to the cost of concrete deck repairs.  These barrier systems are typically designed to low test 

levels, typically TL-1, though several TL-2 and TL-3 barriers exist.  Notwithstanding the theoretical intent 

that the post break fail without damaging the deck, observations suggest that decks are still subject to 

significant damage.  As these barriers require large deflections to contain vehicles, additional deck is 

required outside of the barrier, to ensure the vehicles do not partially leave the bridge surface. 

 

In reviewing standard barrier drawings, it appears that most North American jurisdictions have not adopted 

breakaway barriers as a standard low test-level system. 
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5 Standard Bridge Barriers 

As discussed previously, several State DOTs and Provincial MOTs have developed crash-tested barriers 

for low-volume bridges.  Appendix F contains sample drawings of crash-tested or approved bridge rails for 

use on low volume roads. 

 

A review of the standard barrier drawings indicates the following: 

 

 Most barriers incorporate either thrie-beam or HSS rails.  Timber systems were uncommon, and 

typically used for curb-only systems. 

 There are limited crash tested timber deck connections available and less demand for testing as 

timber decks are being replaced with concrete decks.  The USFS has developed several barriers 

for timber decks, but the majority of standard barriers are designed for concrete decks. 

 Top-mounted barriers are more common than side-mounted.  Many DOT‟s have no standard side-

mounted systems.  Where side-mounted systems are used, the typical minimum concrete deck 

thickness ranges from 8”-12” (200-300 mm). 

 

 

5 
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6 Summary 

Based on our review, we can conclude the following: 

 

.1 All jurisdictions typically require the use of crash-tested bridge barriers. 

.2 Occupational Health and Safety Regulatory requirements in British Columbia and the Western 

United States mandate, as a minimum, the installation of a timber curb on single lane forestry 

bridges. 

.3 No jurisdictions specifically address the containment of heavy industrial traffic. 

.4 The US Forest Service, BC Ministry of Transportation and Infrastructure and Ontario Ministry of 

Transportation provide warrants for the use of crash tested TL-1 bridge barriers.  These warrants 

vary in requirements but typically include a maximum allowable AADT and a maximum height 

above water. 

.5 Bridges that see a high volume of traffic or are higher than 5 m above water typically require the 

installation of TL-2 (CHBDC PL-1) crash-tested barriers. 

.6 Most jurisdictions prefer to use pre-approved standard barrier drawings. 
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Appendix B - Ontario Ministry of Transportation 
Sample LVPL1 and LVPL2 Bridge Barriers and other 
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Appendix C - WorkSafe BC, Ontario, Alaska, 
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Document1 

WorkSafeBC OHS Regulation Part 26: Forestry Operations and Similar Activities 

Roads and Road Maintenance 

26.79 Haul road standards 
Roads, bridges, elevated platforms, and other structures used by vehicles transporting workers, logs or 
other forest products in forestry operations must be constructed and maintained to a standard which 
will permit safe transit.  

26.80 Creating additional hazards 
Road or skid trail construction, including any blasting activity, must be carried out in a manner that 
prevents hangups, hanging broken tops or limbs, leaners, sidebind of pushed trees, or similar hazards 
which could endanger fallers or other workers.  

26.81 Bull rails 
The open sides of bridges, elevated truck weigh scales and associated elevated ramp approaches, and 
other elevated structures used by logging trucks must be equipped with substantial and well secured 
continuous timber or log curbs or bull rails of sufficient height to prevent vehicles from running off the 
structure, but not less than 25 cm (10 in).  

       [Amended by B.C. Reg. 312/2003, effective October 29, 2003.] 

26.82 Roadside hazards 
(1) Dangerous trees, loose rocks, stumps, or other unstable materials that are hazardous to road users 
must be removed or cleared for a safe distance back from roadsides or roadside banks.  

(2) Brush, foliage or debris which prevents an adequate view by a vehicle operator of traffic 
approaching at roadway intersections or on sharp curves must be cleared and all possible precautions 
must otherwise be taken to control the hazards created by limited sight distance.  

26.83 Traffic control systems 
(1) When 2 or more vehicles are using a section of a road which is too narrow to permit them to pass, 
an effective traffic control system must be used by all vehicles on the road.  

(2) The traffic control system must include  

(a) turnouts, where required,  

(b) vehicles operating with their headlights and, if fitted, flashing beacons, turned on,  

(c) warning signs where required, and  

(d) instructional signs, including kilometre and road name/number signs, and the radio frequency for 
traffic control if one is being used.  

26.84 Weigh scales 
(1) Repealed. [B.C. Reg. 312/2003, effective October 29, 2003.]  

(2) Weight recording house structures, forming part of a log transporter weigh scale unit, must  

(a) be sufficiently offset from the scale balance platform to provide an adequate margin for log load 
clearance, or  

(b) have an effective barrier erected between the weigh scale deck and the house.  
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(G) Shear rails shall be installed on both outside edges of bridges. The 
shear rails shall be made of substantial material securely fastened, 
capable of withstanding the impact of the wheels of a loaded vehicle. The 
top of the shear rails shall be not less than 15 inches above the bridge 
surface. 

 
(H) Control measures shall be instituted to minimize the generation of 
dust on logging roads so that visibility will permit safe operation of 
vehicles. 

 
(8) Drivers. No person shall move a truck into a landing except on signal from 
a designated member of the loading crew who shall assure that all persons are in 
a safe position.  

 
(p) Log Dumps, Booms and Rafts. (1) General 

 
(A) In operations where regular logging machinery, rigging, etc., is 
used, the applicable subsections of this section and subsections of 29 
C.F.R. 1910.266 shall apply. 
 
(B) Where a single or multiple log dump approach extends into open 
water, a plank walk no less than three feet wide and hand rail shall be 
provided on one side of the trestle for its entire length and kept in good 
repair. 

 
(C) Employees shall not attach lines for dumping or detach binders 
while the truck is in motion. 

 
(D) Unloading lines shall be so arranged that it is not necessary for 
employees to attach them on the pond or dump side of the load. 

 
(E) All decks and plankways on log dumps shall be kept in good repair 
and free from bark and other debris. Roadways shall not be inclined more 
than one inch to 12 inches. 

 
(F) Unless they will support the weight of at least three persons, the 
use of small bridge-over logs, planking or timbers between regular foot 
logs or walkways is prohibited.  All regular foot logs shall be barked on the 
upper side. 

 
(G) One employee working alone on any log dump while logs are being 
unloaded is prohibited. 
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(e) A record maintained of each inspection must be available to a representative of the department on 

request. 

(5) Shear rails must be installed on both outside edges of bridges. The shear rails must be securely fastened and 

made of material able to withstand the impact generated by contact with the wheels of a loaded vehicle. The 

top of shear rails must be at least fifteen inches above the bridge surface. Bridges in use before 1980 with 

outside shear rails a minimum of ten inches high or center shear rails at least five inches high are permissible 

until repairs are needed. 

(6) The employer must implement measures that minimize dust to the degree that visibility is sufficient to allow 

an operator to safely operate a vehicle. Vehicle operators must travel at a speed consistent with road 

conditions. 

(7) Pneumatic-tired equipment must have fenders as described in the Society of Automotive Engineers Technical 

Report J321a. 

(8) Employee(s) must be assigned to flag on roads or provide other equivalent protection where hazardous 

conditions are created from logging such as but not limited to: 

(a) Running wire rope lines or rigging across road grades, excluding guylines and standing skylines if 

lines remain a safe distance above the road to allow a vehicle to pass under; or 

(b) The movement of logs, chunks, or debris across or suspended over road grades. 

Exception: Where there is no through traffic, such as on a dead end road or where the property owner's 

permission or proper authority is granted to close a section of road, warning signs and barricades 

may be used instead of flagger(s). 
[Statutory Authority:  RCW 49.17.010, .040, .050  99-17-117, (Order 97-09),  § 296-54-531, filed 08/18/99, effective 12/01/99.  
Statutory Authority:  RCW 49.17.040, .050, .060  96-22-013, § 296-54-531, filed 10/28/96, effective 1/1/97.  Statutory Authority:  
RCW 49.17.040, .050, and .240, chapters 43.22 and 42.30 RCW.  80-11-057 (Order 80-15), § 296-54-531, filed 8/20/80.  Statutory 
Authority:  RCW 49.17.040, .150, and .240.  79-10-081 (Order 79-14), § 296-54-531, filed 9/21/79.] 

WAC 296-54-533  Road pioneering and earthwork. 

(1) Banks at the borrow area must be sloped to prevent slides. 

(2) Backfill must be firmly compacted. 

(3) Roadside banks must be sloped or stabilized to prevent slides. 

(4) Overhanging banks, large rocks and debris must be removed or secured. 

(5) Where riprap is used, the material and design must ensure containment of material. 

(6) Trees or snags that may fall into the road must be fell. 

(7) Root wads, logs, and other unstable debris must not be placed against standing timber or otherwise placed so 

as to create a hazard for timber falling or other logging operations. 
[Statutory Authority:  RCW 49.17.010, .040, .050  99-17-117, (Order 97-09),  § 296-54-533, filed 08/18/99, effective 12/01/99.  
Statutory Authority:  RCW 49.17.040, .150, and .240.  79-10-081 (Order 79-14), § 296-54-533, filed 9/21/79.] 

WAC 296-54-535  Hand and portable powered tools. 

(1) Each hand and portable powered tool, including any tool provided by an employee, must be maintained in 

serviceable condition. 
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437-007-0505  Bridges. 
 
(1) All bridge structures and surfaces must be: 

(a) Adequate to support the maximum imposed loads. 

(b) Maintained in good repair. 

(2) All bridges must have rub rails constructed of wood, concrete or equivalent materials 
that: 

(a) Have a minimum height of 9 inches (6-inch by 6-inch timbers set on 4-inch by 6-inch 
blocks). 

(b) Are secured to the bridge deck. 

Stat. Auth.:  ORS 654.025(2) and 656.726(4). 
Stats. Implemented:  ORS 654.001 through 654.295. 
Hist: OR-OSHA Admin. Order 5-2003, f. 6/02/03, ef. 12/01/03. 

 
 
 
437-007-0510  Flagging. 
 
(1) Warning signs and a flagger(s) must be placed in advance of active operations, or other 
equivalent protection must be used on roads to control traffic where hazardous conditions 
are created from forest activities, such as, but not limited to: 

(a) Skylines and running lines or rigging across road grades, excluding tightened 
guylines. 

(b) The movement of logs, chunks or debris across or suspended over road grades. 

(c) Timber cutting operations. 

(d) Helicopter logging operations. 

NOTE:  Where there is no through traffic, such as on a dead end road or where the property 
owner's permission or proper authority is granted to close a section of road, warning signs and 
barricades may be used instead of flagger(s). 

(2) Flaggers must wear vests of a high-visibility color and use a minimum 18-inch x 18-inch 
“STOP/SLOW” paddle to control traffic. 

(3) Warning signs and flagging activities along state and county roads must comply with the 
requirements of the Millennium Edition of the (FHWA) Manual of Uniform Traffic Control 
Devices (MUTCD), December 2000. 

Stat. Auth.:  ORS 654.025(2) and 656.726(4). 
Stats. Implemented:  ORS 654.001 through 654.295. 
Hist: OR-OSHA Admin. Order 5-2003, f. 6/02/03, ef. 12/01/03. 
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ROAD NUMBER - MILEPOST 
BRIDGE NAME 

 
Proposed structure length xx m Height above channel xx m 

Traffic Service Level D Road Maintenance Level – Operating 2 
Bridge meets NBIS 

Standards 
Yes/No Road Maintenance Level – Objective 2 

 
From FSH 7709.56b Transportation Structures Handbook: 
7.24-5. Exceptions to using bridge railings.  Consider omitting railing and installing a curb-only system for 
bridges at low hazard sites that experience low-volumes of low-speed traffic, and when object markers 
can provide sufficient advance warning of the bridge.  Base the decision to install a protective railing 
system on an analysis that evaluates the specific site conditions, such as the amount, type, and speed of 
traffic, and the hazards involved.  
 
Consider omitting the bridge railing under the following conditions: 
 
a. The road is used at low speeds by drivers generally familiar with the road.   

o Describe traffic speed and type of users.  For example:  Traffic is primarily low speed.  The 
majority is administrative, logging, or logging associated or residents of nearby communities. 

b. The road is not heavily used.   
o Describe traffic patterns.  For example:  Traffic is light.  It is not a thru road, and does not 

provide access to any special recreation attractors.  Primary recreation use is hunting and 
firewood gathering. 

c. The bridge is relatively short and located on a tangent.   
o Describe bridge and approach geometry.  For example:  Expected length is approximately xx 

meters.  It is located on a tangent, no curve widening is necessary. 
d. The bridge width is equal to the traveled way plus shoulders.   

o Yes or no, the bridge width provides for the traveled way plus required curve widening. 
e. Separation is provided for vehicles and sidewalk pedestrians.   

o Describe pedestrian accommodations, if needed.  For example:  There will not be a sidewalk.  
Pedestrian use will be almost non-existent. 

f. Hazards created by the unrailed bridge are not unusual in comparison to the exposure presented by 
the rest of the road.   

o Describe road hazards along the rest of the road, such as side slopes, distance downhill to a 
slope break, etc.  For example:  A 380 mm (15-inch) high curb would result in a bridge hazard 
similar to hazards associated with driving the remainder of the road.  Estimated height of the 
roadway above the channel is less than 3 meters.  Approach fill slopes will be approximately 
1.25 to 1.  Typical fill slopes on forest roads are 1.25 to 1 and often higher than 3 meters. 

g. Curbs are provided for loadings that conform to AASHTO specifications. 
o Yes or no, design is in accordance with AASHTO. 

h. Object markers outline the bridge and mark the curbs.  Place object markers in accordance with 
Forest Service Guide for Traffic Control Devices and the Manual of Uniform Traffic Control Devices. 

o Describe object markers.  For example:  Object markers will be installed as part of the bridge 
construction contract in accordance with Forest Service and AASHTO requirements. 

 
Based on these conditions, it is my decision to not require bridge and approach guardrail. 
 
 
 
 
Forest Engineer, ____________National Forest     Date 
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Appendix E - Barrier Crash Test Reports 
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Appendix F - Sample Drawings of Crash-Tested 
Barriers for Low Volume Road Bridges 
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Appendix G - Ontario Ministry of Natural Resources 
Standard Bridge Barriers 
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