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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 lowa 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.
Associated GLO
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Upon review of the documents, we are able to draw the following conclusions:

All jurisdictions, with the exception of the MNRO and Ministry of Natural Resources in Ontario,
typically require the use of crash-tested bridge barriers.

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.

No jurisdictions specifically address the containment of heavy industrial traffic.

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.

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.

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

Associated GLOBAL PERSPECTIVE.
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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:

A 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.

L 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.

1-2
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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.

lowa 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.

o 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.

o 1986: Federal Highway Administration mandates that all barriers incorporated into Federal-aid
projects be crash-tested in accordance with NHCRP Report 230.
o 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.

o 1994: AASHTO LRFD Bridge Design Specifications adopts a modified version of the 1989
AASHTO Guide Specification for Bridge Railings.

Associated GLOBAL PERSPECTIVE
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1998: AASHTO LRFD Bridge Design Specifications (2nd 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.

p:\20102698\00_eval_br_barriers\engineering\01.00_background_data_collection\rpt_11jan2011\rpt_mnro_curbdesignpara_20110111_gf.doc
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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.

21 2006 CANADIAN HIGHWAY BRIDGE DESIGN CODE

The Canadian Highway Bridge Designh 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)

Barrier Performance Level

Design Forces

PL-2
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)

Associated GLOBAL PERSPECTIVE.
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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

N Steep Vertical Grade . 5
Typical . 2 High-level Crossing
and Horizontal Curve

AADT® 400 400 400
Kh 2.00 2.00 2.00
K 1.00 4.00 1.00
Kq 1.00 2.00 1.50
Ks 1.00 0.70 2.85
Be* 0.8 4.48 3.42
Barrier Clearance <25m
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.

2-2
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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.
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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.

Associated
Engineering

GLOBAL PERSPECTIVE.
LOCAL FOCUS.

2-3



Ministry of Natural Resource Operations
Engineering Branch, Provincial Operations

N

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°. 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°). 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

<50 km/hr No limit
LVPL2 (TL-1) <400 <5.0m
<80 km/hr <5.0m
<25 km/hr No limit
LVPL1 <100 <2.5m
<40 km/hr <5.0m
Note:

! Measured to top of water

2-4
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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.
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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.

24 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 MoT]I 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.

25 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.

2-6
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31 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)

3.21 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.

Associated GLOBAL PERSPECTIVE.
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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° to 25° for all test levels.
The manual has not altered the 25° impact angle for pickup trucks or the 15° angle for single-unit
trucks, tractor-van trailers, and tractor-tank trailers. It has been suggested that a 25° 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, Impact Speed, ‘ Impact Angle,
Ib. (kg) mph (km/h) Degrees
TL-1 Intermediate Car 3300 (1500) 31 (50) 0-25
Pickup Truck 5000 (2270) 31 (50) 0-25
TL-2 Intermediate Car 3300 (1500) 44 (70) 0-25
Pickup Truck 5000 (2270) 44 (70) 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.

3.24 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

Railing Test Level

Design Forces

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.

3-4
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The recently released 5™ Edition of the AASHTO LRFD Bridge Design Specifications remains very
similar to the 2™ Edition with respect to the design of bridge barriers.

3.241 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

AASHTO LRFD Railing Test Level (Modified for

Design Forces® Comparison)
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

CHBDC Railing Performance Level

Design Forces®

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:
! 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.

Associated GLOBAL PERSPECTIVE.
Engineering | LOCAL FOCUS. 3-5



Ministry of Natural Resource Operations
Engineering Branch, Provincial Operations

A4

3-6

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.

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.

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. ltis 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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3.3

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.

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.

Associated GLOBAL PERSPECTIVE
Engineering | LOCAL FOCUS

3-9



Ministry of Natural Resource Operations
Engineering Branch, Provincial Operations

A4

3-10

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)* Minimum Required Test Level (TL)?
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:
e ML 1: Closed and not maintained; only available for administrative use (sometimes considered to be in
"storage”).

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

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

e ML 4: All passenger and commercial vehicles; moderate speed; single- or double-lane; native or paved
surface; volume generally around 100 ADT.

e 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.

3-12
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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 Il Timber rails and timber risers on a timber bracket.
. System |l Side-mounted all steel system.

. System |V: 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 Type TL-3?
v ol Average TL-1? TL-22 -
) - - Modified
Capacity Modified to | Modified to
(kN) S6-06 (kN) | S6-06 (kN) {05608
(kN)
| (D.Fir) Timber guardrail and 45
| (Hemlock) risers on timber cross ties 38.5

) Timber rail and risers on
Il (D.Fir) 38
steel bracket

. 43 86 171
Side-mounted HSS all
11 118
steel system
IV (2-25¢ HSS all steel system (post 169
anchor bolts) only)
Note:

! 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 I, Ill 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 lowa State University Institute for Transportation (ISUIT) published a research report entitled “Bridge
Rail and Approach Railing for Low-Volume Roads in lowa”. 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’.

4-2
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The report also notes that;

o 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.

41 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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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).
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Summary

Based on our review, we can conclude the following:

A 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.

A4 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 A — BC Ministry of Forests and Range
Standard Drawings for Timber Curb, W-beam and
HSS Bridge Barriers
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Figure 1: Approved LVPL2 barrier
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NOTES:
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SS10—-40A and SS10-40B.

_ , mm dia hol B HSS guide rail shall conform to CSA Standard
of guide r0|1l50 near side o Sleeve formed of 5mm CANS—G40.21—M92 Grade 350W.
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bolt with hex head and ' @ to s'ee"e)é F* Welding shall conform to CSA Standard wW59-
lock washers M89 and shall be done by a welder qualified
PLAN ELEVATION under CSA Standard W47—-M83.
SPLICE SLEEVE G HSS guide rail, rail splices and fasteners shall
be hot dip galvanized after shop fabrication
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slotted hole — Eg%e of slotted unless otherwise shown.
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NOTES:
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b & == + 2R C Field ream bolt holes in double thickness rail at splice Iocations.NRe-peir:_dgm-cged—
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N R Gxa4xa5 D All dimensions are in millimetres or metres unless otherwise shown.
NOTE: Positi Date JUNE 1993 | Rev
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NOTE: Position washer to completely THRIE BEAM GUIDE RAIL — SIDE MOUNT
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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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(p)

(8)

(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.

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.

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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Chapter 296-54 WAC
Safety Standards for Logging Operations

WAC 296-54-531 (Cont.)

(e)  Arecord 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. VVehicle 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:

(a8  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.

Page 25
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Oregon Administrative Rules

F  BRIDGES / FLAGGING | "=

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.

437-007-0505(1) F-2 437-007-0510(3)




Ontario

Occupational Heélth and Safety Act

R.R.0. 1990, REGULATION 851
INDUSTRIAL ESTABLISHMENTS

A bridge on a haul road shall,
(a) be structurally adequate to support any load likely to be applied to it;

(b) have curbs of a height of not less than fifteen centimetres on each side of the
travelled portion of the bridge;

(c) be of sufficient width between curbs to permit the passage of vehicles using the
bridge; and

(d) have markers which clearly indicate the width and ends of the bridge.
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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 Yes/No Road Maintenance Level — Objective 2

Standards

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. Theroad 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.
o0 Yes or no, the bridge width provides for the traveled way plus required curve widening.
e. Separation is provided for vehicles and sidewalk pedestrians.

o0 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
1.25to 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.

0 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

Documentl
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Railing Systems for Longitudinal Timber Deck Bridges

Ronald K. Faller and Barry T. Rosson, Midwest Roadside Safety Facility,

University of Nebraska-Lincoln

Michael A. Ritter and Paula D. Hilbrich Lee, USDA Forest Service,

Forest Products Laboratory

Sheila R. Duwadi, Federal Highway Administration

Abstract

Bridge railing systems in the United States have his-
torically been designed based on static load criteria
given in the American Association of State Highway
and Transportation Officials (AASHTO) Standard
Specifications for Highway Bridges. In the past
decade, full-scale vehicle crash testing has been rec-
ognized as a more appropriate and reliable method of
evaluating bridge railing acceptability. In 1989,
AASHTO published the Guide Specifications for
Bridge Railings which gives recommendations and
procedures to evaluate railings by full-scale vehicle
crash testing. In 1993, the National Cooperative High-
way Research Program (NCHRP) published Report
350, Recommended Procedures for the Safety Perfor-
mance Evaluation of Highway Features, which pro-
vides criteria for evaluating longitudinal barriers.
Based on these specifications, a cooperative research
program was initiated between the University of
Nebraska-Lincoln and the Forest Products Laboratory,
and later the Federal Highway Administration, to de-
velop and crash test several bridge railings for longitu-
dinal wood decks. This paper describes the successful
development and testing of nine resulting railing sys-
tems in accordance with the AASHTO Performance
Level 1 and 2 (PL-1 and PL-2) requirements, and the
Test Level 1 and 4 (TL-1 and TL-4) requirements of
NCHRP Report 350.

Keywords: Timber Bridges, Bridge Rail, Crash Test-
ing, Roadside Safety, and Longitudinal Barrier.

Introduction

The primary purpose of a bridge railing is to safely
contain errant vehicles crossing a bridge. To meet this
objective, railings must be designed to withstand the
force of an impacting vehicle. In designing railing sys-
tems for highway bridges, engineers have traditionally
assumed that vehicle impact forces can be approxi-
mated by equivalent static loads that are applied to
railing elements. Although rail loads are actually dy-
namic, the equivalent static load method has been
used for many years as a simplified approach to stan-
dardized railing design. Until recently, the American
Association of State Highway and Transportation Of-
ficials (AASHTO) Standard Specifications for High-
way Bridges (1) required that rail posts be designed to
resist an outward transverse static load of 44.5 kN
(10,000 Ib). A portion of this load was also applied to
posts in the inward transverse, longitudinal, and verti-
cal directions and to the rail elements. These require-
ments were identical for all bridges regardless of
bridge geometry or traffic conditions. Thus, a railing
for a single-lane bridge located on a low-volume road
was required to meet the same loading requirements as
a railing for a bridge located on a major highway.
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Despite the widespread use of design requirements
based primarily on static load criteria, the need for
more appropriate full-scale vehicle crash test criteria
has Jong been recognized. The frost U.S. guidelines for
full-scale vehicle crash testing were published in 1962
(2). This initial l-page document provided basic
guidelines for the test vehicle mass, approach speed,
and impact angle and served to provide a degree of
uniformity to the traffic barrier research in progress at
the time. Through subsequent use of this document,
the need for more comprehensive guidelines became
apparent, and several reports were published during
the 1970s through the National Cooperative Highway
Research Program (NCHRP). In 1981, NCHRP pub-
lished Report 230, Recommended Procedures for the
Safety Performance Evaluation of Highway Appurte-
nances (3). This comprehensive report provided rec-
ommendations relative to crash testing and evaluation
of Jongitudinal barriers and served as the basis for fu-
ture bridge rail crash testing requirements.

Although crash test criteria have been available for
many years, the requirement to implement crash test-
ing as a means of evaluating bridge railings in the
United States has been jurisdiction dependent. Some
states implemented extensive bridge rail crash testing
programs, while others continued to exclusively use
static load design. The first recognition of full-scale
crash testing in a national bridge specification came in
1989 when AASHTO published Guide Specifications
for Bridge Railings (4). This specification presents
recommendations for the development, testing, and
use of crash-tested bridge railings and refers exten-
sively to NCHRP 230 for crash testing procedures and
requirements.

A primary concept of the AASHTO Guide Specifica-
fions is that bridge railing performance needs differ
greatly from site to site, and railing designs and costs
should match site needs. Thus, recommended require-
ments for rail testing are based on three performance
levels: Performance Level 1 (PL-1), Performance
Level 2 (PL-2), and Performance Level 3 (PL-3). The
PL-1 requirements represent the “weakest” sys-
tem, and the PL-3 the “strongest” system. The relation-
ship between the railing performance level and re-
quirements for a specific bridge depend on a number
of factors, such as the type of roadway, design speed,
average daily traffic, and percentage of trucks in the
traffic mix.

The recently published NCHRP Report 350, Recom-
mended Procedure for the Safety Performance Evalu-
ation of Highway Features (5), provides for six test
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levels for evaluating longitudinal barriers; Test Level
1 (TL-1) through Test Level 6 (TL-6). Although this
document does not include objective criteria for relat-
ing a Test Level to a specific roadway type, the lower
test levels are generally intended for use on lower ser-
vice Jevel roadways and certain types of work zones
while the higher test levels are intended for use on
higher service level roadways.

In 1994, AASHTO published the LRFD Bridge De-
sign Specifications (6) as an update to the Standard
Speciﬁcaliohs Jor Highway Bridges (1) and the Guide
Specifications for Bridge Railings (4). For crash tcst-
ing bridge railings, three performance levels were pro-
vided similar to those provided in the Guide Specifica-
tions for Bridge Railings (4). Guidelines for crash test-
ing bridge railings followed procedures provided in
both the AASHTO Guide Specifications and NCHRP
Report 350. Yield line and inelastic analysis and de-
sign procedures, as originally developed by Hirsch
(7), were also provided for bridge railings as a re-
placement to the 44.5 kN (10,000 1b) equivalent static
load design procedures.

Emphasis on the use of crash-tested rails for new Fed-
erally funded projects has significantly increased the
role of fill-scale crash testing as a means of evaluating
railing performance. Recently, the Federal Highway
Administration (FHWA) officially adopted NCHRP
350 as a replacement for NCHRP 230 and has strongly
suggested that AASHTO also adopt the test level defi-
nitions contained in NCHRP 350, thus making crash-
tested railings mandatory for most bridges. Most high-
ways on which wood bridges are installed will require
railings that meet either the AASHTO PL-1 or PL-2
requirements, or the NCHRP 350 TL-1 through TL-4
requirements. A railing that meets either PL-3, TL-5,
or TL-6 requirements currently has a very
limited application for wood bridges because of the
high traffic volumes and speeds associated with these
levels.

As of August 1990, 25 bridge rails had been success-
fully crash tested in accordance with the requirements
of the AASHTO Guide Specifications and approved
for use on Federal-aid projects by the FHWA (8). Of
these crash-tested railings, 24 are for concrete bridge
decks and one is for a wood deck. For wood bridges to
be viable and competitive with other bridges in the fu-
ture, a range of crash-tested bridge railings for differ-
ent wood bridge fypes was required. Based on this
need, National emphasis was placed on developing a
limited number of crash-tested railings for wood
bridges.



Background

To meet the need for crashworthy railings for wood
bridges, the USDA Forest Service, Forest Products
Laboratory (FPL), in cooperation with the Midwest
Roadside Safety Facility (MwRSF) of the University
of Nebraska-Lincoln, the FHWA, and the wood prod-
ucts industry initiated a program to develop crash-
tested bridge rails for longitudinal wood decks. The
program objectives were to develop a total of nine
crashworthy rails: three to meet AASHTO PL-1, one
to meet AASHTO PL-2, three to meet NCHRP 350
TL-1, one to meet NCHRP 350 TL-4, and one in-
tended for very low performance conditions. The
scope of the project was limited to railings for longitu-
dinal wood decks, 252 mm (10 in.) or greater in thick-
ness, and constructed of glued-laminated (glulam)
timber, spike-laminated lumber, or stress-laminated
lumber. In each system, the lumber laminations are
placed edgewise and oriented with the lumber length
parallel to the direction of traffic. A brief description
of each longitudinal deck bridge type is provided in
Timber Bridges: Design, Construction, Inspection,
and Maintenance (9).

Longitudinal glulam timber decks are constructed of
panels that consist of individual lumber laminations
glued together with waterproof structural adhesives.
The panels are 1.07 to 1.38 m (3.5 to 4.5 ft) wide and
effectively function as a large, solid block of wood.
To form the bridge deck, panels are placed side by
side and are interconnected by transverse distributor
beams bolted to the deck underside at intervals of 2.4
m (8 ft) or less. These distributor beams are designed
to transfer vertical loads between adjacent panels.
They are not designed to resist lateral loads.

Spike-laminated decks are constructed of sawn lum-
ber laminations 102 mm (4 in.) in nominal thickness.
The individual laminations are interconnected with
spikes that are typically 8 or 9.5 mm (0.3125 or 0.375
in.) in diameter and 356 to 406 mm (14 to 16 in.) long.
The decks are commonly manufactured in panels that
are 1.5 to 2.1 m (5 to 7 ft) wide and interconnected
with transverse distributor beams in a manner similar
to longitudinal glulam timber decks.

Stress-laminated decks are constructed of sawn Jum-
ber laminations that are typically 51 to 102 mm (2 to
4 in.) in nominal thickness. The laminations are
stressed together with high strength steel bars that are
placed through holes drilled through the center of the
wide faces of the laminations. When tensioned, the
bars create compression between the laminations, and
the entire deck effectively acts as a solid, orthotropic
wood plate.

Test Requirements

and Evaluation Criteria

The test requirements and evaluation criteria for this
project followed procedures defined in the A4SHTO
Guide Specifications (including applicable references
to NCHRP 230) and the NCHRP 350 criteria. These
procedures establish a uniform methodology for test-
ing and evaluating railings so that the safety perfor-
mance of different railing designs, tested and evalu-
ated by different agencies, can be compared. It is im-
practical and impossible to test all railings for all pos-
sible vehicle and impact conditions. Therefore, the
procedures specify a limited number of tests using se-
vere vehicle impact conditions and a set of evaluation
criteria against which test results may be evaluated.

Test Requirements

Vehicle impact requirements for rail crash testing de-
pend on the railing performance level/test level and
are specified as requirements for vehicle type and
weight, impact speed, and impact angle relative to the
longitudinal rail axis. Testing for PL-1 and TL-1 re-
quires two vehicle impact tests while testing for PL-2
and TL-4 requires three vehicle impact tests. A sum-
mary of the requirements for PL-1, PL-2, TL-1, and
TL-4 are shown in Table 1. In some cases, all tests for
a given level may not be required if a railing with sim-
ilar geometry and strength was previously tested and
found to be satisfactory.

In addition to vehicle impact requirements, the
AASHTO Guide Specifications and the NCHRP 350
criteria also specify requirements for data acquisition
and construction of the bridge railing. Requirements
for data acquisition are referenced to NCHRP 230 and
NCHRP 350 and include specific data collection pa-
rameters and techniques that must be completed be-
fore, during, and after the crash test. Construction re-
quirements specify that the bridge rail be designed,
constructed, erected, and tested in 2 manner represen-
tative of actual installations. To properly assess the
performance of most bridge rails, they must also be
evaluated as a system in combination with the bridge
superstructure for which it is intended. This is very
important when considering rails for wood bridges be-
cause the attachment of the rail to the bridge deck and
the ability of the wood superstructure to resist applied
loads may often be the controlling parameters.

Evaluation Criteria

Evaluation criteria for full-scale crash testing is based
on three appraisal areas: structural adequacy, occupant
risk, and vehicle trajectory after the collision. Criteria
for structural adequacy are intended to evaluate the
ability of the railing to contain, redirect, or permit
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Table 1 — Vehicle impact requirements for
AASHTO PL-1 and PL-2 and NCHRP 350 TL4
bridge railings.

Impact Conditions

AASHTO Small Pickup Single-Unit
Performance Car Truck Van Truck
Level (4)

(816 kg) {2,449 kg) (8,165 kg)

80.5 km/h  72.4 km/h
20 deg 20 deg

96.6 km/h 96.6 km/h  80.5 km/h
20 deg 20 deg 15 deg

Impact Conditions

Small

Pickup Single-Unit
NCHRP 350 Car Truck Van Truck
Test Level (5) (820 kg) (2,000 kg) {8,000 kg)
1 50 km/h 50 km/h
20 deg 25 deg
a 100 km/h 100 km/h 80 km/h
20 deg 25 deg 15 deg

controlled vehicle penetration in a predictable manner.
Occupant risk evaluates the degree of hazard to occu-
pants of the impacting vehicle. Vehicle trajectory after
the collision is concerned with the path and final posi-
tion of the impacting vehicle and the probable involve-
ment of the impacting vehicle with other traffic. Note
that these criteria address only the safety and dynamic
performance of the railing and do not include service
criteria such as aesthetics, economics, bridge damage,
or post-impact maintenance requirements. The follow-
ing evacuation criteria are summarized from the
AASHTO Guide Specifications for PL-1 and PL-2 test-
ing (similar evaluation criteria are provided in NCHRP
350):

1. The railing shall contain the vehicle; neither the
vehicle nor its cargo shall penetrate or go over the in-
stallation. Controlled lateral deflection of the railing is
acceptable.

2. Detached elements, fragments, or other debris from
the railing shall not penetrate or show potential for
penetrating the passenger compartment or present un-
due hazard to other traffic.

3. Integrity of the passenger compartment must be
maintained with no intrusion and essentially no
deformation.

148

4. The vehicle shall remain upright during and after
collision.

5. The railing shall smoothly redirect the vehicle. A
redirection is deemed smooth if the rear of the vehicle
does not yaw more than 5 degrees away from the rail-
ing from time of impact until the vehicle separates
from the railing.

6. The smoothness of the vehicle-railing interaction
is further assessed by the effective coefficient of
friction where = 0.0 to 0.25 is good, = 0.26 to
0.35 is fair, and > 0.36 is marginal. Requirements
for computing are given in the 4ASHTO Guide
Specifications.

7. The impact velocity of a hypothetical front-seat
passenger against the vehicle interior, calculated from
vehicle accelerations and 610-mm (2-ft) longitudinal
and 305-mm (1-ft) lateral displacements, shall be less
than 9.15 m/s (30 ft/s) in the longitudinal direction and
7.63 m/s (25 ft/s) in the lateral direction. In addition,
the vehicle highest 10-ms average accelerations subse-
quent to the instant of hypothetical passenger impact
should be less than 147 m/s*(483 ft/s’) in the longitu-
dinal and lateral directions.

8. Vehicle exit angle from the barrier shall not be
more than 12 degrees. Within 30.5m (100 ft) plus the
length of the test vehicle from the point of initial im-
pact with the railing, the railing side of the vehicle
shall move no more than 6.1 m (20 ft) from the line of
the traffic face of the railing.

Development Phase

Based on a fundamental understanding of the perfor-
mance characteristics of each deck type, development
work was initiated to formulate a methodology for the
railing tests. From the standpoint of economics and
time, it was considered impractical to develop and test
different rail systems for each longitudinal deck type.
Rather, a more feasible approach was undertaken to
develop several railing systems that could be adapted
to each of the three longitudinal deck types without
modifications that would result in reduced perfor-
mance. To accomplish this, it was determined that
railing development and testing should utilize the
weakest deck type. This conclusion was based on the
premise that if successful tests could be completed on
the weakest deck, the railing could be adapted for use
on stronger decks without adversely affecting
performance.

In assessing the potential resistance of each deck type
to transverse railing impact forces, consideration was



given to the strength of the wood and mechanical rein-
forcement. Of primary concern was loading that could
introduce tension perpendicular to grain stress in the
wood deck.

Of the three deck types, the stress-laminated deck was
considered the strongest for transverse railing loads,
because the high strength steel bars are continuous
across the deck width. Loads developed at vehicle im-
pact can be effectively distributed across the deck by
the bars, making the entire deck width effective in re-
sisting the applied loads.

The spike-laminated deck was considered to be of in-
termediate strength. 1f rail loads are applied transverse
to the panel length, the loads are resisted by the spikes
in withdrawal. Because of this, tension perpendicular
to grain in the lumber laminations is not a concern;
however, the spikes could be pulled from the deck re-
sulting in longitudinal separations between the lami-
nations, and additional reinforcement could be
required.

The glulam timber deck was considered to be the
weakest in resisting railing loads, because the glulam
timber panels act as solid pieces of wood, and Joads
applied transverse to the panel length are most likely
to introduce tension perpendicular to grain and failure
in the upper panel section. Mechanical reinforcement
was considered necessary for longitudinal glulam tim-
ber decks to resist railing loads without damage. Thus,
the glulam timber deck was considered the weakest
deck for transverse railing loads and was selected for
full-scale crash testing. If bridge railings performed
acceptably on the glulam timber system, it was ratio-
nalized that the railings could be adapted to other lon-
gitudinal wood bridge decks with no reduction in rail-
ing performance.

The primary emphasis of the railing design process
was to develop rails that would meet the requirements
of the AASHTO Guide Specifications and NCHRP
350. Additionally, it was determined that considera-
tion should be given to (1) extent of probable damage
to the structure after vehicle impact and the difficulty
and cost of required repairs; (2) adaptability of the
railing to different wood deck types; (3) rail system
cost to the user, including material, fabrication, and
construction; (4) ease of railing construction and
maintenance; and (5) aesthetics.

The conclusion of the development phase involved the
design of several railing systems and preparation of
plans and specifications for testing. The selection and

design of these final systems were based on a review
of other railings that had been successfully crash
tested, as well as those that are currently used on wood
bridges but had not been crash tested. To the extent
possible, feasible designs were evaluated using com-
puter simulation models. Although several proven
computer models were used, it was difficult to adapt
the programs for wood components because the be-
havior and properties of the wood systems at ultimate
loading were unknown. Data collected during the
crash testing were used to refine input parameters and
to more accurately predict railing performance in
subsequent tests.

Test Methodology

Testing of all bridge rails was conducted at the Mid-
west Roadside Safety Facility in Lincoln, Nebraska.
The site is located at an airport and was formerly a
taxiway and parking area for military aircraft. It in-
cludes approximately 11 ha (27 acres) of concrete
pavement and 1.6 ha (4 acres) of soil surface. To per-
form the rail testing, a test bridge was constructed that
measured approximately 2.4 m (8 ft) wide and 28.6 m
(93.75 ft) long, in five simply-supported spans mea-
suring 5.72 m (18.75 ft) each. The deck was con-
structed of 273-mm (10.75 -in.) thick glulam timber
panels, 1.2 m (4 ft) wide. The glulam timber for the
deck was Combination No. 2 Douglas Fir given in the
AASHTO Standard Specifications for Highway
Bridges (1) and was treated with pentachlorophenol in
heavy oil in accordance with American Wood Pre-
servers’ Association (AWPA) Standard C14 (10). Two
glulam timber panels were placed side by side to
achieve the 2.4-m (8-ft) width, and transverse distrib-
utor beams were attached to the deck underside per
AASHTO requirements (1). The test bridge was sup-
ported by concrete footings that were placed in exca-
vations so that the top of the test bridge was level with
the concrete surface at the site.

Vehicle propulsion and guidance were provided by
stee]l cable configurations. For propulsion, a reverse
cable tow with a 1:2 mechanical advantage was used.
A cable was attached to the front of the vehicle, routed
through a series of pulleys, and was connected to a
tow vehicle that traveled in a direction opposite to the
test vehicle. The unoccupied test vehicle was then
pulled by the tow vehicle and released from the tow
cable approximately 9.2 m (30 ft) prior to impact. A
vehicle guidance system developed by Hinch was
used to steer the test vehicle (11). Using this system,
the the left front wheel hub is attached to a tensioned
steel cable that maintains the vehicle’s direction along
a designated straight path. Approximately 9.2 m (30
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ft) from impact, the guidance connection is sheared
off and the vehicle separates from the guidance cable.

Data acquisition parameters and techniques for the
crash testing program were based on requirements of
the AASHTO Guide Specifications and NCHRP 350
and followed three testing phases: pretest, test, and
post-test. In the pretest phase, the as-built bridge rail
and vehicle were documented using photography and
drawings that indicated the applicable configuration,
dimensions, and vehicle weight. During the test phase,
data regarding the vehicle impact speed, impact angle,
trajectory, and accelerations were collected primarily
through the use of high-speed motion picture photog-
raphy and accelerometers mounted on the vehicle. In
the post-test phase, the condition of both the railing,
bridge superstructure, and vehicle were documented
using photography and standardized damage assess-
ment methods, including the Traffic Accident Data
Scale (12) and Vehicle Damage Index (13). Addi-
tional instrumentation was placed on some railings to
assess vehicle impact forces transmitted to the bridge
rail and superstructure (14).

Successfully Tested Railings

As a result of the development and testing program,
nine bridge railings were successfully developed and
tested for longitudinal wood decks. Three of the rail-
ings were tested at PL-1, one was tested at PL-2, three
were lested to TL-1, one was tested at TL-4, and one
was tested primarily for low-volume forest road appli-
cations at impact conditions less than TL-1. Each rail-
ing was tested on the glulam timber deck and is adapt-
able to the spike-laminated and stress-laminated
decks. All the PL-1, PL-2, and TL-4 designs em-
ployed posts spaced 1.9 m (6.25 ft) on-center and uti-
lized high strength steel bars through a portion of the
bridge deck to act as reinforcement in distributing rail-
ing loads without damage to the bridge. Two of the
three TL-1 designs employed posts spaced 1.9 m (6.25
ft} on-center, while the third TL-1 design was a curb
railing configured with scuppers spaced 3.0 m (10 ft)
on-center. The railing design for conditions less than
TL-1 consisted of a curb railing with scuppers spaced
2.9 m (9.5 ft) on-center. Glulam timber for the rail
members was Combination No. 2 Douglas Fir as
given in the AASHTO Standard Specifications for
Highway Bridges (1), treated with pentachlorophenol
in heavy oil to AWPA Standard C14 requirements
(10). Sawn lumber for posts, curbs, scuppers, and
spacer blocks was No. 1 Douglas Fir (1), treated with
creosote to AWPA Standard C14 requirements (10).
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A detailed discussion of the testing and results for
each railing system is beyond the scope of this paper
and, for most of the railing systems, is presented in
detail in previous publications (14-18). Overall, no
significant damage to the test bridge was evident from
any of the vehicle impact tests. For the railing systems
with glulam timber rails, damage to the railing was
primarily gouging and scraping resulting from the ve-
hicle impact. All glulam timber railing remained intact
and serviceable after the tests and replacement of the
railing was not considered necessary. For the steel
thrie beam railings, there was permanent deformation
in the rail and post in the vicinity of the impact loca-
tion. This would necessitate replacement of specific
railing and post members, but damage was relatively
minor considering the severity of the impact. A brief
description of each railing that met all test criteria fol-
lows.

PL-1 Railings

The three tested PL-1 railings included a glulam tim-
ber rail with curb, a glulam timber rail without curb,
and a steel rail. Photographs and drawings of the PL-1
railings are shown in Figures 1 and 2, respectively.

The glulam timber rail with curb consisted of a single
glulam timber rail mounted on a sawn lumber post.
The post was connected with a single bolt to a lumber
curb that was supported by scupper blocks. The curb
and scupper blocks were connected to the bridge deck
with bolts and timber connectors.

The glulam timber rail without curb consisted of a sin-
gle glulam timber rail mounted on a sawn lumber post.
The lower portion of the post was placed in a steel box
that was attached to the bridge deck with high strength
steel bars.

The steel rail consisted of a 10-gauge steel thrie beam
rail mounted to a steel wide flange post. The lower end
of the post was bolted to a steel plate that was con-
nected to the bridge deck with high strength steel bars.

PL-2 Railing

The PL-2 railing included a steel rail and steel channel
section, as shown in Figure 3. The steel rail was a
modified version of that tested at PL-1. Minor changes
in the railing geometry and the addition of a steel
channel section above the rail were necessary to resist
the increased loads at PL-2.

TL-1 Railings
The three tested TL-1 railings included a flexible steel
rail, a semi-rigid steel rail, and a curb-type timber rail.



Photographs and drawings of the TL-1 railings are
shown in Figures 4 and 5, respectively.

The flexible steel rail consisted of a 12-gauge W-beam
rail mounted to a breakaway sawn lumber post. The
lower end of the post was placed between two steel
angles that were connected to the vertical edge of the
bridge deck with lag screws.

The semi-rigid steel rail consisted of a 12-gauge W-
beam rail mounted to a steel wide flange post. The
post was bolted to a steel plate which was bolted to the
bridge deck surface.

The low-height, curb-type timber rail was constructed
with a glulam timber rail and supported with scupper
blocks. The curb and scupper blocks were connected
to the bridge deck with bolts and timber connectors.

TL-4 Railing

The TL-4 railing included a glulam timber rail with
curb, as shown in Figure 6. The glulam timber rail
with curb consisted of a single glulam timber rail
mounted on a sawn lumber post and was a modifica-
tion of the curb system tested at PL-1. Because of the
greater loads at TL-4, rail and post sizes were in-
creased and bolts and timber connectors attaching the
curb and scupper to the bridge deck were increased.

Low Performance Railing

The low performance railing developed for impact
conditions less than TL-1 included a low-height tim-
ber curb rail, as shown in Figure 7. Three geometries
were considered for the curb rail — a square shape, a
rectangular shape, and a trapezoidal shape. The curb
rail was constructed with sawn lumber and supported
with scupper blocks. The curb and scupper blocks
were connected to the bridge deck with bolts.

Concluding Remarks

This program clearly demonstrates that crashworthy
railing systems are feasible for longitudinal wood
decks. Even at high-impact conditions required by
AASHTO PL-2 and NCHRP 350 TL-4, the railing
systems performed well with no significant damage to
the bridge superstructure. With the development of
crashworthy railing systems, a significant barrier to
the use of longitudinal deck wood bridges has been
overcome.

Figure 1 — Photographs of bridge railings suc-
cessfully crash tested to AASHTO PL-1
(photographs taken prior to testing).
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Figure 5 — Drawings of bridge railings successfully crash tested to NCHRP 350 TL-1. Drawing

units are millimeters.
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Figure 6 — Glulam timber bridge railing successfully crash tested to NCHRP 350 TL-4 (photograph
taken prior to testing). Drawing units are millimeters.
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Figure 7 — Low performance bridge railing successfully crash tested with a 3/4-ton pickup truck at
15 mph and 15 degrees (photograph taken prior to testing). Drawing units are millimeters.

157



In: Ritter, M.A.; Duwadi, S.R.; Lee, P.D.H., ed(s). National
conference on wood transportation structures; 1996 October
23-25; Madison, WI. Gen. Tech. Rep. FPL- GTR-94.
Madison, WI: U.S. Department of Agriculture, Forest Service,
Forest Products Laboratory.



In: Proceedings of 6th International conference on low-volume roads;
1995 June 25-29; Minneapolis, MN. Washington, DC: National Academy

Press: 357-372; 1995. Vol. 2. 1995.

Design and Evaluation of Two Bridge Railings

for Low-Volume Roads

Ronald K. Faller, Barry T. Rosson, and Dean L. Sicking, University of
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Steve Bunnell, USDA Forest Service, Washington, D.C.

The U.S. Department of Agriculture (USDA) Forest Ser-
vice, Forest Products Laboratory (FPL) and Headquarters
Engineering Staff, in cooperation with the Midwest Road-
side Safety Facility undertook the task of developing bridge
railing systems for roads with low traffic volumes and low
speeds. Two low-cost bridge railing systems were devel-
oped and successful full-scale crash tests were conducted
for their use on timber bridge decks using longitudinal lum-
ber laminations. A curb-type timber railing system was de-
signed to redirect a 3/4-ton pickup truck hitting at a speed
of 24 km/hr (15 mph) and an angle of 15 degrees. The curb-
type rail system used square, trapezoidal, or rectangular rail
shapes. A flexible railing system consisting of steel W-beam
supported by breakaway timber posts was designed to re-
direct a 3/4-ton pickup truck hitting at a speed of 50 kny/
hr (31 mph) and an angle of 25 degrees. The flexible railing
system was developed according to Test Level 1 of NCHRP
Report 350, Recommended Procedure for the Safety Per-
formance Evaluation of Highway Features.

istorically, bridge railing systems have not
been developed for use on low-speed, low-
volume roads; however, many U.S. Forest Ser-

vice and National Forest utility and service roads often
carry very low traffic volumes at operating speeds of 24

to 32 km/hr (15 to 20 mph) or less. These roads are
often narrow, generally incorporating one- or two-lane
timber bridges with span lengths between 4.6 and 10.7
m (15 and 35 ft). The bridge rails that have been de-
signed for high-speed facilities may be too expensive for
low-volume roads. In recognition of the need to develop
bridge railings for this very low service level, the U.S.
Department of Agriculture (USDA} Forest Service, For-
est Products Laboratory (FPL) and Headquarters En-
gineering Staff, in cooperation with the Midwest Road-
side Safety Facility (MwRSF), undertook the task of
developing two bridge railing systems.

OBJECTIVE

The objective of this research project was to develop
two low-cost bridge railing systems for use on longitu-
dinal timber bridge decks with low traffic volumes and
speeds. A longitudinal glulam timber deck was selected
for use in the development of the bridge railings because
it is the weakest type of longitudinal timber deck for
resisting transverse railing loads currently in use. Thus,
any bridge railing not damaging the longitudinal glulam
deck could be easily adapted to other, stronger, timber
deck systems.
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Curb-type railing systems were chosen as the basic
design for the first bridge railing. A top-mounted curb
type railing is shown in Figure 1 (a). Although curb bar-
riers generally offer limited redirective capability at
higher impact speeds, curb barriers can be very effective
during low-speed impacts. A flexible railing with a
breakaway post system was selected as the basic design
for the second bridge railing. A side-mounted flexible
railing is shown in Figure 1 (b).

EVALUATION CRITERIA
Background

Currently, bridge railings are usually designed to satisfy
the requirements provided in AASHTO's Guide Speci-
Jications for Bridge Railings (1). More specifically,
bridge railings should be designed according to the ap-

()
FIGURE 1 (a) Curb-type bridge railing and (b) flexible
bridge railing.

propriate performance level of the roadway, based upon
a number of factors such as design speed, average daily
traffic (ADT), percentage of trucks, bridge rail offset,
and number of lanes. These guide specifications include
three performance levels, shown in Table 1, which pro-
vide criteria for evaluating the safety performance of
bridge railings.

The recently published NCHRP Report 350, Rec-
ommended Procedure for the Safety Performance Eval-
uation of Highway Features (2), provides for six test
levels, shown in Table 1, for evaluating longitudinal
barriers. Although this document does not contain ob-
jective criteria for selecting test level, safety hardware
developed to meet the lower test levels is generally in-
tended for use on lower-service-level roadways, and
higher-test-level hardware is intended for use on higher-
service-level roadways. The lowest performance level,
Test Level 1, is suitable for applications on low-volume,
low-speed facilities such as residential streets. However,
operating speeds on these facilities are typically in the
range of 48 km/hr (30 mph) or approximately twice as
high as operating speeds on Forest Service utility roads.
Thus, test impact conditions from Test Level 1 were
deemed too severe for the low-cost curb-type bridge
railing system envisioned. The second bridge railing, or
flexible railing, was designed to meet Test Level 1 im-
pact conditions because the increase in performance
level could be achieved with little increase in cost.

Crash Test Conditions

Design impact conditions for narrow, low-volume util-
ity roads were selected by the Forest Products Labora-
tory (FPL) of the USDA Forest Service in consultation
with engineers of the Headquarters Engineering Staff.
Reasonable design impact conditions for the curb-type
bridge railings were estimated to involve a 3/4-ton
pickup fruck hitting at a speed of 24 km/hr (15 mph)
and an angle of 15 degrees. The design impact condi-
tions for the flexible bridge railing involved a 3/4-ton
pickup truck hitting at a speed of 50 km/hr (31 mph)
and an angle of 25 degrees according to Test Level 1 in
NCHRP Report 350 (2). Itis noted that a research
study isin progress to develop a curb-type bridge railing
to meet Test Level 1 of NCHRP Report 350 (2).

CURB-TYPE BRIDGE RAILINGS

Design Considerations

Timber was selected for use in the curb-type bridge rail-
ing designs on the basis of aesthetics and material avail-
ability. Further, curb railings were identified as a low-
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TABLE 1 AASHTO Crash Test Conditions for Bridge Railings and NCHRP Report 350 Crash Test

Conditions for Longitudinal Barriers

Impact Conditions
AASHTO
Ml ) Small Car Pickup Truck Medium Van-Type
w (816 kg) (2,449 kg) Single-Unit Truck Tracior-Trailer
(8,165 kg) (22.680 kg)
1 80.5 kmvh and 20 deg 72.4 kam/h and 20 deg
2 96.6 lan/h and 20 deg 96.6 km/h and 20 deg 80.5 kom/h and 15 deg
3 96.6 km/h and 20 deg 96.6 km/h and 20 deg 80.5 lonvh and 15 deg
Impact Conditions
NCHRP 350
Test Level (2) Small Car Pickup Truck Single-Unit Tractor/Van Tractor/Tank
(820 kg) (2,000 kg) Van Truck Trailer Trailer
(8,000 kg) (36,000 kg) (36,000 kg)
1 50 km/h & 20 deg 50 km/b & 25 deg
2 70 kan/h & 20 deg 70 km/h & 25 deg
3 100 kan/h & 20 deg 100 km/h & 25 deg
(Basic Level)
4 100 ion/h & 20 deg 100 km/h & 25 deg 80 km/h & 15 deg
5 100 km/h & 20 deg 100 km/h & 25 deg 80 km/h & 15 deg
6 100 kon/b & 20 deg 100 km/h & 25 deg 80 kam/h & 15 deg

cost railing system and the most easily constructed
design alternative for these low-service-level applica-
tions. Since most economical timber curb systems in-
corporate top-mounted single-railing designs, this type
of structure was used for the new bridge rails.

Analysis of vehicular impacts with concrete and tim-
ber curbs revealed that the shape of the curb face could
affect the redirective capacity of curb systems. A num-
ber of curb shape configurations were included in the
design process. Each curb configuration was evaluated
at different heights in order to determine the minimum
height required to meet the selected performance crite-
ria. Based on full-scale vehicle crash tests of curb sys-
tems 50.8 cm (20 in.) high (6) and a limited study of
impacts with shorter curbs (unpublished research) using
HVOSM computer simulation modeling (7), the re-
searchers estimated that curbs 20.3 to 35.6 cm (8 to 14
in.) high should be able to meet the desired performance
standard.

Peak lateral forces imparted to the curb railing were
estimated to be approximately 9.5 kN (2.1 kips) using
the procedures described by the NCHRP report, the
AASHTO Guide, and Ritter et al. (3-5). Based on these
findings, it was concluded that timber curb railings may
be capable of withstanding design impact conditions
without significant damage to the barrier or the timber

deck. Each railing was analyzed as a simply supported
beam with pin connections at each end. Three rail
shapes and sizes—a 20.3-cm (8-in.) by 20.3-cm (8-in.)
square, a 20.3-cm (8-in.) by 22.9-cm (9-in.) trapezoid
with a negative slope on the traffic-side face, and a
10.2-cm (4-in.) by 30.5-cm (12-in.) rectangle—were se-
lected for a preliminary evaluation. A developmental
testing program was then undertaken to evaluate the
safety performance and height requirements for each of
these curb rails.

Design Details

The basic curb design incorporated 6.10-m (20-ft) long
rail sections mounted on scupper blocks. The rail ele-
ments, scupper blocks, and bridge deck were attached
to each other with two 1.6-cm (5/8 -in.) diameter ASTM
A307 galvanized bolts placed 15.2 cm (6 in.) apart at
each end and in the middle of each rail element. A
bolted lap splice was also incorporated to attach the
ends of adjacent rail elements. The 11.9-m (39-ft) long
curb rails were constructed from two 6.10-m (20-ft)
long rail sections and a 0.30-m (1-ft) long lap splice.
Two sizes of timber scupper blocks were used to mount
the curb rail elements on the timber deck. The curb rail
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sections and scupper blocks were constructed from No.
1 Grade Douglas fir using rough-sawn and SIS specifi-
cations, respectively. Timber curb rail and scupper ma-
terials were treated to meet AWPA Standard C14 with
192.22 kg/m*(12 pef) creosote (8). Schematics of both
a typical curb rail section mounted on the deck surface
and a curb railing splice are shown in Figure 2.

The curb railings were attached to a longitudinal glu-
lam timber deck supported by concrete abutments. The
concrete abutments and the longitudinal glulam timber
deck were the same as those used in the development
of previously tested AASHTO PL-1 and PL-2 railing

Splice Schematic

-

[

systems (9-711). In addition, a 5.1-cm (2-in.) asphalt
surface was placed on the top of the timber deck in
order to represent actual field conditions.

Developmental Testing, Phase 1

Developmental testing was used to determine critical
heights for the three different curb shapes. The devel-
opmental testing used a 1985 Ford F-250 3/4-ton
pickup truck with test inertial and gross static weights
of 1999 kg (4,406 1b) and 2078 kg (4,581 1b), respec-
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FIGURE 2 Typical curb section mounted to deck surface and curb railing sphice.
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tively. A pickup truck was driven into the rails at speeds
of 24 and 32 km/hr (15 and 20 mph) and an angle of
15 degrees. No steeting or braking inputs were applied
to the vehicle during impact or until the vehicle had
traveled an adequate distance downstream from the end
of the rails.

The curb shapes were attached to a continuous con-
crete slab, as shown in Figure 3, with two 1.6-cm (5/8
in.) diameter ASTM A307 bolts spaced on 2.90-m (9-
ft 6-in.) centers. If necessary, timber scupper blocks
were placed below the rail shapes in order to mount the
curb rails 20.3, 25.4, and 30.5 cm (8, 10, and 12 in.)
above the surface.

Impact tests were performed on the three curb shapes
mounted at three different heights for a total of nine
curb configurations. The developmental testing phase
consisted of 19 impact tests on the rail attached to the
concrete slab, as shown in Table 2. For impacts at 24
km/hr (15 mph) and 15 degrees, the trapezoidal and
rectangular shapes with a 20.3-cm (8-in.) mounting
height successfully redirected the test vehicle with no
tendency for the vehicle to climb. However, for the same
impact conditions, the square shape with a 20.3-cm (8-
in.) mounting height allowed the vehicle to climb over
the top of the rail. Following these tests, it was deter-
mined that one full-scale vehicle crash test would be
performed on one of the two successful curb shapes at-
tached to the longitudinal timber deck. The trapezoidal
shape with a 20.3-cm (8-in.) mounting height was se-
lected for this crash testing because it appeared to pro-
vide a higher redirective capacity than the rectangular
shape.

Full-Scale Crash Testing, Phase I

Full-scale crash testing used the same 3/4-ton pickup
truck but with a test inertial and gross static weight of
1999 kg (4,406 1b), an impact speed of 24 km/hr (15
mph), and an angle of 15 degrees. The test vehicle was
towed using a cable tow and guidance system and
struck the rails attached to the longitudinal timber deck.

Originally, only one full-scale crash test was to be
conducted on a 20.3-cm (8-in.) by 22.9-cm (9-in.) trap-
ezoidal shape with 20.3-cm (8-in.) mounting height.
However, because this test failed, two additional tests
were conducted on the trapezoidal shape, one at the
20.3-cm (8-in.) mounting height and one at the 25.4-
cm (10-in.) mounting height.

In Test LVCT-la the vehicle struck the curb rail ap-
proximately 3.35 m (11 ft) from the upstream end of
the 11.9-m (39-ft) long installation. During impact, the
vehicle’s right front tire climbed over the top of the
curb. The vehicle came to rest on top of the curb at the
end of the installation. In Test LVCT-1b the vehicle

struck the curb rail at the same location as in Test
LVCT-1a. The vehicle’s right front tire again climbed
over the curb with little or no vehicle redirection. Fol-
lowing the two unsuccessful tests on the trapezoidal
shape with a 20.3-cm (8-in.) mounting height, a third
test was conducted on the trapezoidal shape with a
25.4-cm (10-in.) mounting height. The impact point for
Test LVCT-1c was the same as that for the previous two
tests. The vehicle’s right front tire again climbed over

FIGURE 3 Square curb rail attached 1o concrete apron,
three vicws.
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TABLE 2 Summary of Curb-Type Bridge Railing Development, Phase I

Rail Type Rail Height Test Speed Resulu
{am x cm) (cm) No. (km/h)
Square - 20.3 x 20.3 20.3 1 24 Failed - vehicle over 10p of curb
Square - 20.3 x 20.3 25.4 2a 24 Passed - right front tire bricfly hopped osto curb
2b 24 Passed - right front tire popped into air
Trapezoid - 20.3 x 22.9 25.4 3a 24 Passed - no climbing tendency
k1] 24 Passed - no climbing wendency
3k 2 Passed - right-front tire popped into air
3d 32 Passed - right-front tire briefly hopped onto curb
Trapezoid - 20.3 x 22.9 20.3 42 24 Passed - no climbing tendency
4b 24 Passed - po climbing tendency
4c 32 Failed - vehicle over top of curb
Trapeaoid - 20.3 x 22.9 30.5 5 24 Passed - no climbing 1endency
Square - 20.3x 20.3 30.5 6a 24 Passed - no climbing 1endency
6b 24 Passed - po climbing tendency
Rectangie - 10.2 x 30.5 30.5 7a 24 Passed - po climbing tendency
To 24 Passed - po climbing tendency
Rectangle - 10.2 x 30.5 25.4 8 b2 Passed - po climbing lendency
8b 24 Passed - 00 climbing wendency
Rectangle - 10.2 x 30.5 20.3 9 24 Passed - po climbing tendency
] 2 Passed - 0o climbing 1endency

the top of the curb, which allowed the tire to go over
the side of the bridge rail. The vehicle came to rest on
top of the curb at the end of the installation.

Results of these tests were inconsistent with the pre-
vious findings from the developmental testing program.
Factors that may have affected the results include the
following: (a) air temperatures were much warmer when
testing on the timber deck than during developmental
testing on the concrete slab (average daily temperatures
during developmental testing, Phase I, and full-scale
crash testing, Phase I, were -2.2°C (28°F) and 17°C
(63°F), respectively); (b) the trapezoidal curb rail was
coated with a latex water-based paint to aid in photog-
raphy and documentation of tests; and (c) creosote on
the surface of the treated timber may have dried and
increased friction levels between the tires and timber rail.

Developmental Testing, Phase II

Following three unsuccessful full-scale vehicle crash
tests on the longitudinal deck with the trapezoidal curb
rail, developmental testing was once again conducted
on the concrete slab to determine the critical mounting
heights for the three different curb shapes. The curb
shapes were attached to the concrete in the same man-
ner as during the first phase of the developmental test-
ing program. The 3/4-ton pickup truck was again

driven into the curb railings at a speed of 24 km/hr (15
mph) and an angle of 15 degrees. The trapezoidal shape
rail was tested with the same coating of paint used dur-
ing the full-scale crash tests and creosote that may have
dried on the timber rail surface.

Impact tests were performed on the three curb shapes
mounted at heights ranging from 20.3 to 35.6 cm (8 to
14 in.) A total of eight curb configurations were eval-
uated with 15 crash tests, as shown in Table 3. For
impacts at 24 km/hr (15 mph) and 15 degrees, a 30.5-
cm (12-in.) mounting height successfully redirected the
test vehicle for both the square and rectangular shapes
with no tendency for vehicle climbing. However, for the
same impact conditions, a 35.6-cm (14-in.) mounting
height was required to successfully redirect the vehicle
for the trapezoidal shape. The trapezoidal shape with a
30.5-cm (12-in.) mounting height allowed the tire to
climb up and over the curb. These tests indicated that
inconsistencies in the previous testing were not caused
by paint applied to the trapezoidal rail but may have
been a result of the drying creosote or the temperature
changes mentioned previously. Following these tests, it
was determined that one full-scale vehicle crash test
would be performed on one of the successful curb
shapes. The square shape with a 30.5-cm (12-in.)
mounting height was selected for full-scale vehicle crash
testing because it offered the most cost-effective design
alternative.



FALLER ET AL. 363

TABLE 3 Summary of Curb-Type Bridge Railing Development, Phase Il

Rail Type Rail Height Test Speed Results
(cm x cm) {cm) No. (km )
Trapezoid -20.3 x 22.9 203 102 23 Failed - vehicle over wop of curb
10b 23 Failed - vehicle over top of curb
10c 24 Failed - vehicle over wp of curb
Rectangle - 10.2 x 30.5 20.3 11 24 Failed - vehicle over top of curb
Recungle - 10.2 x 30.5 254 12 24 Failed - vehicle over 1op of curb
Recumpie - 10.2 x 30.5 30.5 13a 24 Passed - right-front tire bricfly popped into air
13b 24 Passed - right-front tire briefly popped into air
Trapezod - 20.3 x 22.9 30.5 J4a 24 Passed - minor vehicie uplift action
14b 24 Passed - right-front tire climbed onto curb
ldc o) Failed - vehicle over top of curb
Trapezoid - 203 x 22.9 35.6 15a 24 Passed - po climbing tendency
15b 24 Passed - no climbing kndency
Square - 20.3 x 20.3 35.6 16 23 Passed - no climbing tendency
Square - 20.3 x 20.3 30.5 172 24 Passed - no cJimbing 1endency
17 23 Passed - no dimbing lendency

Full-Scale Crash Testing, Phase I

One full-scale crash test (LVCS-4) was conducted on the
20.3- by 20.3-cm (8- by 8-in.) square shape with a 30.5-
cm (12-in.) mounting height attached to the longitudi-
nal timber deck. In Test LVCS-4 the vehicle hit the curb
rail at a speed of 23.2 kim/hr (14.4 mph) and an angle
of 15 degrees. Impact occurred approximately 3.35 m
(11 ft) from the upstream end of the 11.9-m (39-ft) long
installation, as shown in Figure 4. The square shape
with a 30.5-cm (12-in.) mounting height successfully re-
directed the vehicle, which came to rest approximately
22.0 m (72 ft) downstream from the impact, as shown
in Figure 4. A summary of the test results and the se-
quential photographs are presented in Figure 5.

Except for minor scuff marks on the right-side tires,
there was no visible vehicle damage, as shown in Figure
4. No damage occurred to the curb rail or steel hard-
ware. In addition, the glulam timber deck was not
damaged.

The curb-type bridge rail contained and redirected
the test vehicle without penetrating or overriding the
bridge rail. Detached elements, fragments, or other de-
bris from the bridge rail did not penetrate or show po-
tential for penetrating the occupant compartment and
would not present any hazard to other traffic or pedes-
trians. The integrity of the occupant compartment was
maintained with no intrusion or deformation. The ve-
hicle remained upright during and after collision, and
the vehicle’s trajectory did not intrude into adjacent

traffic lanes. The vehicle exit angle of approximately O
degrees was less than 60 percent of the impact angle or
9 degrees.

The curb bridge railing successfully redirected a
1999-kg (4,406-1b) pickup truck driven at a speed of
23.2 kin/hr (14.4 mph) and an angle of 15 degrees. The
curb bridge railing met the performance evaluation cri-
teria (i.e., structural adequacy, occupant risk, and ve-
hicle trajectory) for crash testing bridge railings (7,2)
but at the reduced impact conditions of 24 km/hr (15
mph) and 15 degrees.

BREAKAWAY BRIDGE RAILING
Design Considerations

A steel W-beam railing with timber bridge posts was
selected for use in the flexible bridge railing design
based on previously crash-tested metal beam bridge rail-
ings (12-14), economics, and material availability.
Breakaway posts rather than stiff posts were chosen in
order to keep material costs below $33/m (§10/1t) by
reducing the required structural capacity of the post-to-
deck attachment. The post-to-deck attachment was de-
signed so that no damage would occur to the timber
deck or connection hardware. A side-mounted post-to-
deck attachment with no rail or post blockouts was se-
lected in order to reduce the required minimum width
of timber deck.
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FIGURE 4 Impact location, vehide trajectory, and vehicle
damage, Test LVCS-4.

Static Post Testing

Static post testing was used to determ#ine the force-
deflection characteristics of two dimensions of lumber
post sizes, 10.2-cm (4-in.) by 10.2-cm (4-in.) and 10.2-
cm (4-in.) by 15.2-cm (6-in.) nominal. The cantilevered
posts were bolted between two steel angles and attached
to a rigid plate. Various angle sizes were used during

the resting in order to determine the optimum angle di-
mensions. Thirteen static tests were performed. A 10.2-
cm (4-in.) by 15.2-cm (6-in.) lumber post measuring
83.8 em (33 in.) Jong with steel angles measuring 12.7
cm (5 in.) by 12.7 ecm (5 in.) by 1.0 cm (3/8 in.) was
selected for the original design. The maximum static
force for this post size was 10.7 kN (2.4 kips). The post
and angle sizes were selected based on a maximum force
level that would not damage the post-to-deck attach-
ment hardware or the deck.

Following the failure of the first full-scale crash test,
24 additional static tests that included increasing the
post height and placing saw cuts in the compression
zone, tension zone, and combinations thereof were per-
formed. A 10.2-cm (4-in.) by 15.2-cm (6-in.) lumber
post measuring 93.3 cm (36.75 in.) long with steel an-
gles measuring 12.7 em (5 in.) by 12.7 ¢cm (5 in.) by 1.0
cm (3/8 in.) was selected for the modified design. The
modified posts also included a 2.5-cm (}-in.) horizontal
saw cut placed on the tension side of the post 7.6 cm
(3 in.) from the base of the post. The maximum static
force for this post size was 5.8 kN (1.3 kips). Ritter et.
al (15) provide additional details for the static post
testing.

Design Details

A standard 12-gauge W-beam rail was selected for the
rail element with a 61.0-cm (24-in.) top mounting
height. However, after failure of the first full-scale crash
test, the rail height was modified to 55.0 cm (21.65 in.)
as measured from the top of the asphalt surface to the
center of the rail. This provided a new rail top mount-
ing height of approximately 70.6 cm (27.78 in.). In ad-
dition, the flat washer located under the head of the
W-beam bolt was removed. The bridge rail was sup-
ported by 15 posts spaced on 1.90-m (6-ft 3-in.) centers.
The chromated copper arsenate (CCA) treated lumber
posts measured 10.2-cm (4-in.) by 15.2-cm (6-in.) nom-
inal or 8.9-cm (3.5-in.) by 14.0-cm (5.5-in.) actual
dressed size. The lumber posts were manufactured using
Douglas fir Grade No. 2 or better. A 1.6-cm
(5/8 -in.) diameter by 17.8-cm (7-in.) long ASTM A307
galvanized hex head bolt attached the rail to each post.
Each post was placed between two 12.7-¢m (5-in.) by
12.7-cm (5-in.) by 1.0-cm (3/8-in.) by 15.2-cm (6-in.)
long ASTM A36 galvanized steel angles. Two 1.6-cm
(5/8 -in.) diameter by 14.0-cm (5 1/2-in.) long ASTM
A325 galvanized hex head bolts attached the post be-
tween the angles. Each post with attached angles was
rigidly fixed to the outside vertical surface of the timber
deck with two 1.9-cm (3/4-in.) diameter by 30.5-cm
(12-in.) long ASTM A307 galvanized lag screws. A
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schematic of the modified breakaway bridge railing is
shown in Figure 6.

Approach guardrails were placed on each end of the
bridge railing. The bridge railing with approach guard-
rails was 60.96 m (200 ft) long. Each W-beam approach
guardrail was 15.24 m (50 ft long) and supported by
15.2-cm (6-in.) by 20.3-cm (8-in.) timber posts spaced
on 1.90-m (6-ft 3-in.) centers. Guardrail anchorage was
provided at each end by a modified breakaway cable
terminal (MBCT) with steel foundation tubes, bearing
plates, and channel struts.

The bridge railing was attached to a longitudinal glu-
lam timber deck supported by concrete abutments. The
concrete abutments, longitudinal glulam timber deck,
and asphalt surface were the same as those used in the
development of the curb-type systems.

Stondard W-Beor
Rall (12 Gauge) \

BARRIER VII Computer Simulation Modeling

Following the preliminary design of the breakaway
bridge railing, computer simulation modeling with
BARRIER VII was performed to analyze the dynamic
performance of the bridge railing before full-scale crash
testing (76). Computer simulation was conducted mod-
eling a 1996-kg (4,400-1b) pickup truck driven at 31
mph (500 km/hr) and an angle of 25 degrees according
to Test Level 1 of NCHRP Report 350 (2).

The simulation results indicated that the original and
modified breakaway bridge railing designs satisfactorily
redirected the 1996-kg pickup truck. For the modified
design, computer simulation predicted that eight break-
away lumber posts would be broken during impact, and
the maximum permanent set and dynamic deflections
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FIGURE 6 Modificd breakaway bridge railing.
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of the W-beam were predicted to be 56.1 cm (22.1 in.)
and 82.5 cm (32.5 in.), respectively. In addition, the
predicted peak 0.050-sec average impact force perpen-
dicular to the bridge railing was approximately 27 kN
(6 Kkips).

Full-Scale Crash Testing

Two full-scale crash tests were performed with 3/4-ton
pickup trucks on a breakaway bridge railing. The first
test, LVBR-1, was conducted on a 61.0-cm (24-in.) high
W-beam rail (original design), and the second test,
LVBR-2, was conducted on a 70.6-cm (27.78 -in.) high
W-beam rail with a 2.5-cm (I-in.) saw cut on the ten-
sion side of the post (modified design). It was not nec-
essary to conduct a full-scale crash test with a 820-kg
minicompact hitting at 50 km/hr (31 mph) and 20 de-
grees since there was no potential for occupant risk
problems arising from wheel snagging caused by the
weak timber posts and low impact speed.

Test LVBR-1 (Original Design)

A 1984 Chevrolet C-20 pickup truck weighing 2041 kg
(4,499 1b) struck the bridge rail at Post No. 7 at 50.2
km/hr (31.2 mph) and 26.8 degrees. Upon impact, the
vehicle’s bumper was forced over the top of the
W-beam rail. The vehicle’s tires then climbed up the face
of the W-beam and the vehicle vaulted over the bridge
rail. Failure of the bridge rail was attributed to insuffi-
cient rail mounting height. Damage to the connection
angles and lag screws was also noticed.

Test LVBR-2 (Modified Design)

A 1985 Chevrolet C-20 pickup truck weighing 2043 kg
(4,504 1b) struck the bridge rail at Post No. 7 at 49.2
km/hr (30.6 mph) and 24.9 degrees, as shown in Figure
7. A summary of the test results and the sequential pho-
tographs are shown in Figure 8. The vehicle became
parallel to the bridge railing at 0.652 sec with a velocity
of 38.8 km/hr (24.1 mph). Although the vehicle was
redirected, it did not exit the bridge railing. The vehicle
came to rest 13.4 m (44 ft) downstream from impact
with the vehicle’s lefi-side tires and right-side undercar-
riage resting on the deck surface, as shown in Figure 7.
At no time, during impact or at any time thereafter did
the vehicle’s right-side tires contact the ground.
Vehicle damage was mino#. Following the crash test,
the vehicle’s right-side tires were lifted onto the deck,
and the vehicle was driven away. Damage on the right-
front quarter panel was caused by vghicle-rail coatact,
and damage to the right-side undercarriage was caused
by contact with the outer top surface of the deck, as

shown in Figure 7. Bridge rail damage was also mini-
mal. as shown in Figure 9. One 1.90-m (6-ft 3-in.) sec-
tion of W-beam rail was permanently damaged. Eleven
posts, Nos. 4 through 14, fractured away from the deck
attachment. Five steel angles were deformed down-
stream of impact because of contact between the angles
and the undercarriage of the vehicle.

The modified breakaway bridge rail contained and
redirected the test vehicle without allowing it to pene-
trate or override the barrier. Detached elements, frag-
ments, or other debris from the bridge rail did not pene-
trate or show potential for penetrating the occupant
compartment and would not present any hazard to
other traffic or pedestrians. The integrity of the occu-
pant compartment was maintained with no intrusion or
deformation. The vehicle remained upright during and
after collision, and the vehicle’s trajectory did not in-
trude into adjacent traffic lanes. Thus, the modified
breakaway bridge railing successfully met all the
evaluation criteria for Test Level 1 of NCHRP Report
350 (2).

CONCLUSIONS
Curb-Type Bridge Railing

The square-shaped bridge rail with a 30.5-cm (12-in)
mounting height successfully redirected the pickup
truck after an impact at a speed of 23.2 km/hr (14.4
mph) and an angle of 15 degrees. This result is consis-
tent with the results from Phase II of the developmental
testing program. Full-scale crash tests were not per-
formed on the trapezoidal and rectangular shapes with
35.6-cm (14-in.) and 30.5-cm (12-in.) mounting
heights, respectively. However, based on findings from
the developmental testing program, it was reasoned that
these shapes would behave similarly to the square-
shaped curb rail and did not require additional full-
scale crash testing.

Thus, three curb-type bridge railings were developed
for longitudinal timber decks located on low-volume
roads, as shown in Figure 10. The top-mounted timber
curb railings provide economic and aesthetically pleas-
ing bridge railing alternatives. Material costs for the
three curb-type bridge railing systems are reasonably
low. The rectangular-shaped railing system has the low-
est material costs at $39.60/m ($12.07/ft), and the
trapezoidal-shaped railing system has the highest ma-
terial costs at $47.08/m ($14.35/ft). In addition, the
curb-type railing system is easy to install and should
have low construction labor costs. These railing systems
could easily be adapted to other types of Jongitudinal
timber decks. Finally, no bridge deck or railing damage
was observed during testing on a longitudinal glulam
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deck system. Thus, maintenance and repair costs asso-
ciated with the new curb designs should be very low.

Modified Breakaway Bridge Railing

A flexible railing with a breakaway post system was
developed and successfully met the Test Level 1 crash

FIGURE 7 Impact location, vehicle trajectory, and vehicle
damage, Test LVBR-2.

test conditions of NCHRP Report 350 (2). The 70.6-
cm (27.78 -in.) high W-beam bridge rail successfully re-
directed a 3/4-ton pickup truck after an impact at 49.2
km/hr (30.6 mph) and an angle of 25 degrees. The side-
mounted railing provides an economic railing with
readily available materials. Material costs for the bridge
railing system are reasonably low at approximately
$25.85/m ($7.88/ft). In addition, the breakaway railing
system is easy to install and should have low construc-
tion labor costs. This railing system should also be
adaptable to other types of longitudinal timber decks.
In addition, no bridge deck damage was observed after
testing; therefore, repair costs should also be kept to an
absolute minimum.

DiscussiON AND RECOMMENDATIONS

The curb and breakaway bridge railings described herein
were developed for low-impact condition requirements.
The developmental testing program indicated that the
redirective capacity of the curb railings could be in-
creased by modifying the curb height and size, the rail-
to-deck attachment, and the capacity of the rail splice
connection. Curb railings should be able to meet the
performance requirements of Test Levels 1 and 2 of
NCHRP Report 350 (2). These higher-performance tim-
ber curb railings could be adapted for use in many dif-
ferent barrier applications. As bridge railings, the curbs
would provide an aesthetic and economic alternative to
conventional steel and concrete railings on many low-
volume streets and highways with increased driver
visibility. For flexible railings with breakaway posts,
the full-scale crash testing program indicates that ac-
ceptable impact performance is possible although large
dynamic rail deflections can be expected. Therefore,
flexible railings with a modified post-to-deck attach-
ment and stronger posts may be able to meet the per-
formance requirements of Test Level 2 from NCHRP
Report 350 (2).

Thus, it is recommended that the research described
herein be extended to develop higher-performance tim-
ber curb railings and barriers and flexible railings for
timber bridge decks.
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FIGURE 9 Bricer rail damage, Test LVBR-2, three views.
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Bridge railing systems in the United States historically have
been designed on the basis of static load criteria given in
the AASHTO Standard Specifications for Highway
Bridges. In the past decade, full-scale vehicle crash testing
has been recognized as a more appropriate and reliable
method of evaluating bridge railing acceptability. In 1989
AASHTO published Guide Specifications for Bridge Rail-
ings, which gives the recommendations and procedures to
evaluate bridge railings by full-scale vehicle crash testing.
In 1993 NCHRP published Report 350: Recommended
Procedures for the Safety Performance Evaluation of High-
way Features, which provides criteria for evaluating lon-
gitudinal barriers. From these specifications, a cooperative
research program was initiated to develop and crash test
several bridge railings for longitudinal wood decks. The
research resulted in the successful development and testing
of five bridge railing systems for longitudinally laminated
wood bridge decks in accordance with the AASHTO Per-
formance Level 1 and Performance Level 2 requirements
and the Test Level 4 requirements of NCHRP Report 350.

safely contain vehicles that cross the bridge. To
meet this objective, railings must be designed to
withstand the force of vehicle impact.

T he primary purpose of a bridge railing is to

In designing railing systems for highway bridges, en-
gineers traditionally have assumed that vehicle impact
forces can be approximated by equivalent static loads
that are applied to railing elements. Although railing
loads are actually dynamic, the equivalent-static-load
method has been used for many years as a simplified
approach to standardized railing design. Currently, the
AASHTO Standard Specifications for Highway Bridges
(1) requires that rail posts be designed to resist an out-
ward transverse static load of 44.5 kN (10,000 1b). A
portion of this load is also applied to posts in the in-
ward transverse, longitudinal, and vertical directions
and to the rail elements. These requirements are iden-
tical for all bridges regardless of bridge geometry or
traffic conditions. Thus, a railing for a single-lane
bridge on a low-volume road must meet the same load-
ing requirements as a railing for a bridge on a major
highway.

Despite the widespread use of design requirements
based primarily on static load criteria, the need for
more appropriate criteria for full-scale vehicle crash
tests has long been recognized. The first U.S. guidelines
for full-scale vehicle crash testing were published in
1962 (2) in a one-page document that provided basic
guidelines for the test vehicle mass, approach speed, and
impact angle and provided a degree of uniformity to
the traffic barrier research in progress at the time.

395
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Through subsequent use of this document, the need for
additional comprehensive guidelines became apparent,
and several reports were published during the 1970s
through NCHRP. In 1981 NCHRP released NCHRP
Report 230: Recommended Procedures for the Safety
Performance Evaluation of Highway Appurtenances
(3). This comprehensive report has been the primary
source of crash testing criteria for more than a decade
and continues to serve as the basis for current bridge
railing testing requirements.

Although crash test crireria have been available for
many years, the requirement to implement crash testing
as a means of evaluating bridge railings in the United
States depended on the jurisdiction. Some states imple-
mented extensive bridge railing crash testing programs,
whereas others continued to use static load design ex-
clusively. The first recognition of full-scale crash testing
in a national bridge specification came in 1989, when
AASHTO published the Guide Specifications for Bridge
Railings (or AASHTO Guide Specifications) (4). This
work presents recommendations for the development,
testing, and use of crash-tested bridge railings and refers
extensively to NCHRP 230 for crash testing procedures
and requirements.

A primary concept of the AASHTO Guide Specifi-
cations is that bridge railing performance needs differ
greatly from site to site and that railing designs and
costs should match site needs. Thus, recommended re-
quirements for railing testing are based on three per-
formance levels: Performance Level 1 (PL-1), PL-2, and
PL-3. The PL-1 requirements represent the weakest sys-
tem, and the PL-3 the strongest system. The relationship
between the railing performance level and requirements
for a specific bridge depend on a number of factors, such
as the type of roadway, design speed, average daily traf-
fic, and percentage of trucks in the traffic mix. The re-
cently published NCHRP Report 350: Recommended
Procedures for the Safety Performance Evaluation of
Highway Features (5) provides for six test levels to eval-
uate longitudinal barriers: Test Level 1 (TL-1) through
TL-6. Although this document does not include objective
criteria for relating a test level to a specific roadway type,
the lower test levels generally are intended for use on
roadways with lower service levels and certain types of
work zones, whereas the higher test levels are intended
for use on higher-service-level roadways. Most highways
on which wood bridges are installed will require railings
that meet either the AASHTO PL-1 or PL-2 requirements
or the NCHRP 350 TL-1 through TL-4 requirements. A
railing that meets either PL-3, TL-5, or TL-6 require-
ments currently has a very limited application for wood
bridges because of the high traffic volume and speeds
associated with these levels.

The AASHTO Guide Specifications are optional, and
the use of static load design criteria is permitted. How-

ever, emphasis on the use of crash-tested railings for
new federally funded projects has increased significantly
the role of full-scale crash testing as a means of evalu-
ating railing performance. It is anticipated that
AASHTO will adopt the guide specifications in the fu-
ture, making crash-tested railings mandatory for most
bridges. FHWA has officially adopted NCHRP Report
350 as a replacement for NCHRP Report 230. At this
time, it is unclear if AASHTO will adopt the Report
350 criteria into its guide specifications or retain the
current criteria based on Report 230.

As of August 1990, 25 bridge railings had been suc-
cessfully crash tested in accordance with the require-
ments of the AASHTO Guide Specifications and ap-
proved for use on federal-aid projects by FHWA (6). Of
these railings, 24 are for concrete bridge decks and 1 is
for a wood deck. For wood bridges to compete with
other bridges in the future, a range of crash-tested
bridge railings for different wood bridge types will be
required. Because of this need, national emphasis was
placed on developing a limited number of crash-tested
railings for wood bridges.

OBJECTIVE AND SCOPE

To meet the need for crashworthy railings for wood
bridges, the Forest Products Laboratory, USDA Forest
Service, in cooperation with the Midwest Roadside
Safety Facility of the University of Nebraska at Lincoln,
FHWA, and the wood products industry, initiated a
program to develop crash-tested bridge railings for lon-
gitudinal wood decks. The program objectives were to
develop five crashworthy railings: three to meet
AASHTO PL-1, one to meet AASHTO PL-2, and one
to meet NCHRP Report 350 TL-4. The scope of the
project was limited to railings for longitudinal wood
decks, 252 mm (10 in.) or greater in thickness, and con-
structed of glued-laminated (glulam) timber, spike-
laminated lumber, or stress-laminated lumber. In each
system, the lumber laminations are placed edgewise and
oriented with the lumber length parallel to the direction
of traffic. A brief description of each longitudinal deck
bridge type is provided in Timber Bridges: Design, Con-
struction, Inspection, and Maintenance (7).
Longitudinal glulam timber decks are constructed of
panels that consist of individual lumber laminations
glued together with waterproof structural adhesives.
The panels are 1.07 to 1.38 m (3.5 to 4.5 ft) wide and
effectively function as a large, solid block of wood. To
form the bridge deck, panels are placed side by side and
interconnected by transverse distributor beams bolted
to the deck underside at intervals of 2.4 m (8 ft) or less.
These distributor beams are designed to transfer vertical
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loads between adjacent panels. They are not designed

to resist lateral loads.
Spike-laminated decks are constructed of sawn lum-

ber laminations 102 mm (4 in.) in nominal thickness.
The individual laminations are interconnected with
spikes that are typically 8 or 9.5 mm (5/16 or 3/8 in. ) in
diameter and 356 to 406 mm (14 to 16 in.) long. The
decks are commonly manufactured in panels that are
1.5 to 2.1 m (5 to 7 ft) wide and interconnected with
transverse distributor beams in a manner similar to lon-
gitudinal glulam timber decks.

Stress-laminated decks are constructed of sawn lum-
ber laminations that are typically 51 to 102 mm (2 to
4 in.) in nominal thickness. The laminations are stressed
together with high-strength steel bars that are placed in
holes drilled through the center of the wide faces of the
laminations. When tensioned, the bars create compres-
sion between the laminations, and the entire deck effec-
tively acts as a solid, orthotropic wood plate.

TEST REQUIREMENTS AND EVALUATION CRITERIA

Test requirements and evaluation criteria for this project
followed procedures defined in the AASHTO Guide
Specifications (including applicable references to
NCHRP Report 230) and the NCHRP Report 350 cri-
teria. These procedures establish a uniform methodol-
ogy for testing and evaluating railings so that the safety
performance of different railing designs, tested and eval-
uated by different agencies, can be compared. It is im-
practical and impossible to test all railings for all pos-
sible vehicle and impact conditions. Therefore, the
procedures specify a limited number of tests using se-
vere vehicle impact conditions and a set of criteria
against which test results may be evaluated.

Test Requirements

Vehicle impact requirements for railing crash resting de-
pend on the railing performance or test level and are
specified as requirements for vehicle type and weight,
impact speed, and impact angle relative to the longitu-
dinal railing axis. Testing for PL-1 requires two vehicle
impact tests, and testing for PL-2 and TL-4 requires
three vehicle impact tests. A summary of the require-
ments for PL-1, PL-2, and TL-4 is given in Table 1. In
some cases, all tests for a given level may not be re-
quired if a railing with similar geometry and strength
was tested previously and found to be satisfactory.

In addition to vehicle impact requirements, the
AASHTO Guide Specifications and the NCHRP Report
350 criteria also specify requirements for data acquisi-
tion and construction of the bridge railings. Require-

ments for data acquisition are referenced to Reports
230 and 350 and include specific data collection pa-
rameters and techniques that must be completed before,
during, and after the crash test. Construction require-
ments specify that the bridge railing be designed, con-
structed, erected, and tested in a manner representative
of actual installations. To assess properly the perfor-
mance of most bridge railings, they must also be eval-
uated as a system in combination with the bridge su-
perstructure for which it is intended. This is very
important for railings for wood bridges, because the at-
tachment of the railing to the bridge deck and the abil-
ity of the wood superstructure to resist applied railing
loads may often be the controlling parameters.

Evaluation Criteria

Evaluation criteria for full-scale crash testing are based
on three appraisal areas: structural adequacy, occupant
risk, and vehicle trajectory after the collision. Criteria
for structural adequacy are intended to evaluate the
ability of the railing to contain, redirect, or permit con-
trolled vehicle penetration in a predictable manner. Oc-
cupant risk evaluates the degree of hazard to occupants
of the impacting vehicle. Vehicle trajectory after the col-
lision is concerned with the path and final position of
the impacting vehicle and the probable involvement of
the impacting vehicle with other traffic. Note that these
criteria address only the safety and dynamic perfor-
mance of the railing and do not include service criteria
such as aesthetics, economics, bridge damage, or post-
impact maintenance requirements. The following eval-
uation criteria are summarized from the AASHTO
Guide Specifications for PL-1 and PL-2 testing (similar
evaluation criteria are provided in NCHRP Report
350):

1. The railing shall contain the vehicle; neither the
vehicle nor its cargo shall penetrate or go over the in-
stallation. Controlled lateral deflection of the railing is
acceptable.

2. Detached elements, fragments, or other debris
from the railing shall not penetrate or show potential
for penetrating the passenger compartment or present
undue hazard to other traffic.

3. Integrity of the passenger compartment must be
maintained with no intrusion and essentially no
deformation.

4. The vehicle shall remain upright during and after
collision.

5. The railing shall smoothly redirect the vehicle. A
redirection is deemed smooth if the rear of the vehicle
does not yaw more than 5 degrees away from the railing
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from time of impact until the vehicle separates from the
railing.

6. The smoothness of the vehicle-railing interaction
is further assessed by the effective coefficient of friction
i, where L = 0.0-0.25 is good, 1 = 0.26-0.35 is fair,
and P> 0.36 is marginal. Requirements for computing
1L are given in the AASHTO Guide Specifications.

7. The impact velocity of a hypothetical front-seat
passenger against the vehicle interior, calculated from
vehicle accelerations and 610-mm (2-ft) longitudinal
and 305-mm (1-ft) lateral displacements, shall be less
than 9.15 m/sec (30 ft/sec) in the longitudinal direction
and 7.63 m/sec (25 ft/sec) in the lateral direction. In
addition, the highest 10-msec average vehicie accelera-
tions subsequent to the instant of hypothetical passen-
ger impact should be less than 147 m/sec’ (483 ft/sec’)
in the longitudinal and lateral directions.

8. Vehicle exit angle from the barrier shall not be
more than 12 degrees. Within 30.5 m (100 ft) plus the
length of the test vehicle from the point of initial impact
with the railing, the railing side of the vehicle shall move
no more than 6.1 m (20 fr) from the line of the traffic
face of the railing.

DEVELOPMENT PHASE

Using a fundamental understanding of the performance
characteristics of each deck type, development work
was initiated to formulate a methodology for the railing
tests. Because of economics and time, it was considered
impractical to develop and test different railing systems
for each longitudinal deck type. Instead, a more feasible
approach was undertaken to develop several railing sys-
tems that could be adapted to each of the three longi-

tudinal deck types, without modifications that would
result in reduced performance. To accomplish this, it
was determined that railing development and testing
should use the weakest deck type. This decision was
based on the premise that if successful tests could be
completed on the weakest deck, the railing could be
adapted to stronger decks without hurting performance.

In assessing the potential resistance of each deck type
to transverse railing impact forces, the strength of the
wood and mechanical reinforcement was considered. Of
primary concern was loading that could introduce ten-
sion perpendicular to grain stress in the wood deck.

Of the three deck types, the stress-laminated deck
was considered the strongest for transverse railing
loads, because the high-strength steel bars are continu-
ous across the deck width. Loads developed at vehicle
impact can be effectively distributed across the deck by
the bars, making the entire deck width effective in re-
sisting the applied loads.

The spike-laminated deck was considered to be of
intermediate strength. If railing loads are applied trans-
verse to the panel length, the loads are resisted by the
spikes in withdrawal. Because of this, tension perpen-
dicular to grain in the lumber laminations is not a
concern; however, the spikes could be pulled from the
deck, resulting in longitudinal separations between the
laminations, and additional reinforcement would be
required.

The glulam timber deck was considered to be the
weakest in resisting railing loads, because the glulam
timber panels act as solid pieces of wood, and loads
applied transverse to the panel length are most likely to
introduce tension perpendicular to grain and failure in
the upper panel section. Mechanical reinforcement was
considered necessary for longitudinal glulam timber

TABLE 1 Vehicle Impact Requirements for PL-1, PL-2, and TL-4 Bridge

Railings
Impact Conditions
AASHTO :
Performance Small Car Pickup Truck Medium
Level (4) (816 kg) (2,449 kg) Single-Unit Truck
(8,165 kg)
| 80.5 km/h 72.4 km/h
20 deg 20 deg
. 96.6 km/h 96.6 km/h 80.5 km/h
= 20 deg 20 deg 15 deg
Impact Conditions
NCHRP 350 Small Car Pickup Truck Single-Unit
Test Level (5) (820 kp) (2,000 kg) Van Truck
(8,000 kg)
4 100 km/h 100 km/h 80 km/h
20 deg 25 deg 15 deg




BFGURE 1 Crash-test sequence for 8172-kg {18,000-1b) truck iraveling at 80.5 lcm/hr {30 mph}, hirting railing at 13—&:3:«:
angle 1o fongitudinat railing axis.
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decks to resist railing loads without damage. Thus, the
glulam timber deck was considered the weakest deck
for transverse railing loads and was selected for full-
scale crash testing. If bridge railings performed accept-
ably on the glulam timber system, it was rationalized
that the railings could be adapted to the other longi-
tudinal wood bridge decks with no reduction in railing
performance.

The primary emphasis of the railing design process
was to develop railings that would meet the require-
ments for the AASHTO Guide Specifications and
NCHRP Report 350. In addition, it was determined
that consideration be given to (a) the extent of probable
damage to the structure after vehicle impact and the
difficulty and cost of required repairs; (b) adaptability
of the railing to different wood deck types; (c) cost of
the railing system to the user, including material, fab-
rication, and construction; (d) ease of railing construc-
tion and maintenance; and (e) aesthetics.

The conclusion of the development phase involved
the design of several railing systems and preparation of
plans and specifications for testing. The selection and
design of these final systems were based on a review of
other railings that had been crash tested successfully, as
well as those that are used on wood bridges but had
not been crash tested. To the extent possible, feasible
designs were evaluated using computer simulation mod-
els. Although several proven computer models were
used, it was difficult to adapt the programs for wood
components because the behavior and properties of the
wood systems at ultimate loading were unknown. Data
collected during the crash testing were used to refine
input parameters and more accurately predict railing
performance in subsequent tests.

TEST METHODOLOGY

Testing of all bridge railings was completed at the Mid-
west Roadside Safety Facility in Lincoln, Nebraska. The
site is located at an airport and was formerly a taxiway
and parking area for military aircraft. It includes ap-
proximately 11 ha (27 acres) of concrete pavement and
1.6 ha (4 acres) of soil surface. To complete railing test-
ing, a test bridge was constructed that measured ap-
proximately 2.4 m (8 ft) wide and 28.6 m (93.75 ft)
long, in five simply supported spans measuring 5.72 m
(18.75 ft) each. The deck was constructed of glulam
timber panels 273 mm (10.75 in.) thick and 1.2 m (4

ft) wide. The glulam timber for the deck was Combi-
nation 2 Douglas fir given in the AASHTO Standard
Specifications for Highway Bridges (1) and was treated
with pentachlorophenol in heavy oil in accordance with
American Wood Preservers’ Association (AWPA) Stan-
dard C14 (8). Two glulam timber panels were placed

side by side to achieve the 2.4-m (8-ft) width, and trans-
verse distributor beams were attached to the deck un-
derside per AASHTO requirements (7). The test bridge
was supported by concrete footings that were placed in
excavations so that the top of the test bridge was level
with the concrete surface at the site.

FIGURE 2 Bridge railings successfully crash tested to
AASHTO PL-1 (photographs taken before testing).
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Vehicle propulsion and guidance were provided by
steel cable configurations. For propulsion, a reverse ca-
ble tow with a 1:2 mechanical advantage was used. A
cable was attached to the front of the vehicle, routed
through a series of pulleys, and connected to a tow ve-
hicle that traveled in a direction opposite to the test
vehicle. The unoccupied test vehicle was then pulled by
the tow vehicle and released from the tow cable ap-
proximately 9.2 m (30 ft) before impact. A vehicle guid-
ance system developed by Hinch was used to steer the
test vehicle (9). Using this system, the left front wheel
hub is attached to a tensioned steel cable that maintains
the vehicle’s direction along a designated straight path.
Approximately 9.2 m (30 ft) from impact, the guidance
connection is sheared off and the vehicle separates from
the guidance cable. A crash-test sequence for an 8§172-
kg (18,000-1b) vehicle is shown in Figure 1.

Data acquisition parameters and techniques for the
crash testing program were based on requirements of
the AASHTO Guide Specifications and NCHRP Report
350 and followed three testing phases: pretest, test, and
posttest. In the pretest phase, the as-built bridge railing
and vehicle were documented using photography and
drawings that indicated the applicable configuration, di-
mensions, and vehicle weight. During the test phase,
data on the vehicle impact speed, impact angle, trajec-
tory, and accelerations were collected primarily through
the use of high-speed motion picture photography and
accelerometers mounted on the vehicle. In the posttest
phase, the condition of the railing, bridge superstruc-
ture, and vehicle were documented using photography
and standardized damage assessment methods, includ-
ing the traffic accident data scale (70) and vehicle dam-
age index (11). Additional instrumentation was placed
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on some railings to assess vehicle impact forces trans-
mitted to the bridge railing and superstructure.

RESULTS AND DISCUSSION

As a result of the development and testing program, five
bridge railings were successfully developed and tested
for longitudinal wood decks. Three of these railings
were tested at PL-1, one was tested at PL-2, and one
was tested at TL-4. Each railing was tested on the glu-
lam timber deck and is adaptable to the spike-laminated
and stress-laminated decks. All designs used posts
spaced 1.9 m (6.25 ft) on center and high-strength steel
bars through a portion of the bridge deck to act as re-
inforcement in distributing railing loads without dam-

age to the bridge. Glulam timber for the rail members
was Combination 2 Douglas fir as given in the
AASHTO Standard Specifications for Highway Bridges
(1), treated with pentachlorophenol in heavy oil to
AWPA C14 requirements (8). Sawn lumber for posts,
curbs, scuppers, and spacer blocks was No. 1 Douglas
fir (1), treated with creosote to AWPA C14 require-
ments (§).

A detailed discussion of the testing and results for
each railing system is beyond the scope of this paper
but is presented in detail in previous publications
(12,13). Overall, no damage to the test bridge was ev-
ident from any of the vehicle impact tests. For the rail-
ing systems with glulam timber rails, damage to the rail-
ing was primarily gouging and scraping resulting from
the vehicle impact. All glulam timber railing remained
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intact and serviceable after the tests, and replacement
of the railing was not considered necessary. For the steel
rhrie beam railings, there was permanent deformation
in the rail and post in the vicinity of the impact location.
This would necessitate replacement of specific railing
and post members, but damage was relatively minor
considering the severity of the impact. A brief descrip-
tion of each railing design follows.

PL-1 Railings

The three tested PL-1 railings included a glulam timber
railing with curb, a glulam timber railing without curb,
and a steel thrie beam railing. Photographs and draw-
ings of the PL-1 railings are shown in Figures 2 and 3,
respectively.

The glulam timber railing with curb consisted of a
single glulam timber railing mounted on a sawn lumber
post. The post was connected with a single bolt to a
lumber curb that was supported by scupper blocks. The
curb and scupper blocks were connected to the bridge
deck with bolts and timber connectors.

The glulam timber railing without curb consisted of
a single glulam timber railing mounted on a sawn lum-
ber post. The lower portion of the post was placed in
a steel box that was attached to the bridge deck with
high strength steel bars.

The steel railing consisted of a 10-gauge steel thrie
beam railing mounted to a steel, wide flange post. The
lower end of the post was bolted to a steel plate that
was connected to the bridge deck with high-strength
steel bars.

PL-2 Railing

The one PL-2 railing included a steel thrie beam railing,
as shown in Figure 4. The steel railing was a modified
version of that tested at PL-1. Minor changes in the
railing geometry and the addition of a steel channel sec-
tion above the rail element were necessary to resist the
increased loads at PL-2.

TL-4 Railing

The one TL-4 railing included a glulam timber railing
with curb, as shown in Figure 5. The railing consisted
of a single glulam timber railing mounted on a sawn
Jumber post and was a modification of the curb system
tested at PL-1. Because of the greater loads at TL-4,
railing and post sizes were increased, as were bolts and
timber connectors attaching the curb and scupper to the
bridge deck.

CONCLUDING REMARKS

This program clearly demonstrates that crashworth,
railing systems are feasible for longitudinal wood decks.
Even at high-impact conditions required by AASHTO
PL-2 and NCHRP Report 350 TL-4, the railing systems
performed well with no significant damage to the bridge
superstructure. The development of crashworthy railing
systems has overcome a significant barrier to the use of
longitudinal deck wood bridges.
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NOTE TO THE DESIGNER:
THE RAIL SYSTEM SHOWN IN THESE DETAILS IS INTENDED FOR USE
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NOT TO SCALE

- %" DIA. (ASTM A325) <

BOLTS WITH NUTS AND ™
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NOT TO SCALE
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HEAYY

—

POST
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B-B

TRANSITION PQST CONNECTION DETAILS

% 3" DIA. GALV. STEEL ROUND HEAD SQUARE NECK
BOLT (CARRIAGE BOLT) (ASTM A325), HEX NUT, FLAT

WASHER, AND LOCK WASHER (ASTM A325).

— ¢ F4"x 2" SLOTTED HOLES (TYP.)

TRANSITION SECTION
NOT TO SCALE

SECTION C-C

NOT TO SCALE

— BLOCKOUT -~ TS8 x 6 x Y4
(ASTM A36)

h-l

STANDARD HIGHWAY SPACING -

ONLY ON SHORT, LOW LEVEL BRIDGES THAT CARRY LOW YOLUME
(LESS THAN 500 AADT), LOCAL RURAL HIGHNAYS WHERE A SMALL
NUMBER OF HEAVY VEHICLES ARE EXPECTED AND SPEEDS ARE
EITHER POSTED OR REDUCED. FOR SELECTION GUIDANCE, REFER
TO THE PERFORMANCE LEVEL ONE (PL-1) CRITERIA AS DEFINED IN
THE AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS OR THE 1989
AASHTO GUIDE SPECIFICATIONS FOR BRIDGE RAILING. THIS RAILING

SYSTEM IS NOT RECOMMENDED FOR USE ON BRIDGES WHOSE
STRUCTURE LENGTH BETWEEN ABUTMENTS EXCEEDS S0 FEET.

BACK UP SECTION OF THRIE —
ov LONG, PLACED
ONTINUOUS THRIE
BEAM AS INDICATED

BEAM 13'-6)
BEHIND

=
=
Y

S3x 5.7 POST —— |
(ASTM A36)
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&

SECTION A-A
BACK UP THRIE BEAM DETAIL

——CONTINUOUS THRIE BEAM

.
) g oF %" uu. GALY, STEEL
QUARE NECK

BOLT (CARRIAGE BOLT) (ASTM
A325), HEX NUT, FLAT WASHER,
AND LOCK WASHER (ASTM A325).
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ASTM A325 ASTM A563
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——— CORRUGATED BEAM

r..f— %
_—— SQUARE WASHER
ISEE DETAIL)
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%% %" DIA. GALY. STEEL ROUND HEAD SQUARE NECK
BOLT (CARRIAGE BOLT) (ASTM A325), HEX NUT, FLAT

<—— !/" DIA. SUPPORT BOLT
WITH NUT, 17" LONG
(ASSEMBLY AID)

WASHER, AND LOCK WASHER (ASTM A325).

SECTION D-D
TYPICAL S3X5.7 POST CONNECTION DETAILS
NOT TO SCALE

DETAIL "A"

GRADE A OR BETTER

BEAM SPLICE HARDWARE

SQUARE WASHER

NOT TO SCALE

(ASTM A36)
NOT TO SCALE

%" DIA. HOLE

L 13"x 13" PLATE

- PLATE THICKNESS SHALL

BE 10 GAUGE OR APPROVED
EQUAL.

/-- V" DIA. HOLE FOR %" DIA. BOLT

&t

—— FLAT PLATE WASHER
17"x %", 3' LONG

FLAT PLATE WASHER

(ASTM A36)

NOT TO SCALE

NOTE:
DETAILS ON THE DRAWINGS LABELED AS "NOT TO SCALE" ARE

INTENTIONALLY DRAWN NOT TO SCALE FOR VISUAL CLARITY.

ALL

OTHER DETAILS, FOR WHICH NO SCALE IS SHOWN, ARE DRAWN
PROPORTIONAL AND ARE FULLY DIMENSIONED.
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POV R [} B SRS
WE x 9 POST @ 84"
CENTERS (MAX.) 144" DIA. HOLES . 5/
1 -.\\ ) ~ FoR'{ DIk, FULLY i l‘—" [*1 .

i 28 THRIE BEAM THREADED. ANCHOR oDs 3 - e f LA DI HOLES
= A ' ] i 1 | THREADED ANCHOR RODS
wi’ . s ,—\rrP EACH FLANGE T (TYP.)

) ) i N
2 | = AR P o b . . L9 3x 12+ PLATE
~ e %" DIA. x T/5" LONG (ASTM A325) 3 DA, fa l (ASTM A36)
" e _ | GALVANIZED STEEL ROUND HEAD SQUARE v 5 | | 5|
o —9 &|  NECK BOLT (CARRIAGE BOLT), WITH HEX ¥ |- _ L] ack weLD mve
> T| NUT. FLAT WASHERS. AND LOCK WASHER. Y6 X9 POST—— S | . Y /
S f
1* (ALL SIDES) —MORTAR PAD - 2" " l
| i 8 £ 0F RAILING PosT FV i T
| et g r " ) -l b Ay 1ol N —l‘\
\F L) N | — MONOLITHIC SLAB e P L 125 PLATE 37 € OF RAILING ANCHORAGE
i, " i ' : PR SN
| ”: . \ SECTION F-F
M) g 10 A e SECTION E-E
9"x %"x 12" ANCHOR R £ -
1Y i;7’£gr”’ (ANCHOR PLATE)
Ae /

(4)- 1" DIA. ANCHOR RODS - -—/ a ,———r
{ASTM A449) FULLY THREADED F “
WITH HEX NUTS AND WASHERS 7/

oS
"' - @ OF RAILING ANCHORAGE

NOTES:
ALL THRIE BEAM SECTIONS SHALL BE 10 GAUGE.
THE TRANSITION SECTION FROM CORRUGATED BEAM TO THRIE BEAM SHALL BE 12 GAUGE.

THE MATERIAL FROM WHICH THE THRIE BEAM IS FABRICATED SHALL CONFORM TO MATERIAL
SPECIFICATION 710-20.

3 RAILING TO BE FABRICATED AND ERECTED SO THAT THE RAIL SHALL BE PARALLEL
| TO GRADE AND THE RAILING POSTS ARE TRULY VERTICAL.

’ THE BASE PLATES SHALL BE PERPENDICULAR TO THE POSTS UNLESS OTHERWISE NOTED.

THRIE BEAMS, SQUARE WASHERS, FLAT PLATE WASHERS, POST BEAMS, BASE PLATES,
CARRIAGE BOLTS, FLAT WASHERS, NUTS, ANCHOR PLATES, AND ANCHOR RODS

SHALL BE PAID FOR UNDER THE RAILING ITEM. THE MORTAR PADS SHALL BE PAID FOR
UNDER A SEPARATE ITEM.

UNLESS COVERED BY OTHER SPECIFICATION, ALL DIMENSIONS RELATED 70 THE
FABRICATION OF THE STEEL RAILING SHALL HAVE A TOLERANCE OF Yie INCH.

-S4 ALL COMPONENTS OF THE THRIE BEAM SYSTEM SHALL BE GALVANIZED IN ACCORDANCE
WITH MATERIAL SPECIFICATION T19-01 AFTER FABRICATION. ANY FIELD DRILLING
| o $3x5.7 (ASTM A36) SHALL REQUIRE THAT THE GALVANIZING BE REPAIRED IN ACCORDANCE WITH
SUBSECTION 719-01 OF THE NEW YORK STATE STANDARD SPECIFICATIONS.

PRIOR TO GALVANIZING THE ASSEMBLED POST, GRIND ALL EDGES OF PLATES AND CUT
EDGES OF THE POST TO A MINIMUM RADIUS OF Y INCH.

ALL NUTS SHALL BE TORQUED TO THE SATISFACTION OF THE ENGINEER.

AFTER THE ANCHOR ROD NUTS HAVE BEEN TIGHTENED TO THE SATISFACTION OF
THE ENGINEER, THE RODS SHALL BE FLAME CUT ONE (1) INCH ABOYE THE NUT, AND
}HE ERESI;EERREE THREADS ABOVE THE NUT SHALL BE DAMAGED AS ORDERED BY

DETAILS ON THE DRAWINGS LABELED AS "NOT T0 SCALE" ARE
INTENTIONALLY DRANN NOT TO SCALE FOR VISUAL CLARITY. ALL
OTHER DETAILS, FOR WHICH NO SCALE IS SHOWN, ARE DRAWN
PROPORTIONAL AND ARE FULLY DIMENSIONED.
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‘e TRANSITION OF RAIL NOUNTING HEIGHTS =~ & OF POST W BOLT (CARRAGE BOLT) (11P) |9 €
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[ . — HEAYY POSTS (FOR , | THE FLARED SECTION TS6 X 6 X e =i 1 T, LONG, WITH HEX NUT, FLAT \0 - Ao K
. 100" B4AX.) o \ DETAILS SEE BD-RLAE) : . IN THE PRICE BID FOR RAIL TUBE (TYP) y WASHER AND LOCK WASHER (TYP.) Vi B i
FASCIA B | | / / _— SHOLDER BREAK LINE | THE TRANSITION ITEM. A DN g e Yoo |2 — 9 'x 1-0" B
. A . ' L | S pEanr e, SECTION D0 VIEW E-E
{ 7 ' 4 2 -
st g i SR g i g %w S ——E F .y  FOR THE TRANSITION ITEM (ANCHOR PLATE)
3 ST s = :
¢ OF FIRST POST —=] .] L TRANSITION POSTS (SEE BD-RLAE) | ' $3x5. POSTS (SEE CURRENT HIGHWAY STANDARD SHEETS) J
\. ) g!
ON STRUCTURE - ggg ;81:[42}:“15. SZ "1 ¢ 06 i
B PLAN OF 74" DIA. HOLE IN POST 13 (TYP) —1 ™ =t B3 1
$NO. RALL TUBE FOR 3y ik h P [ DA wolEs
ROUND HEAD SQUARE 7 i 1
BOLT (CARRIAGE BOLT) P e - O .
L ola | | %
e “TS6x 6x ¥ TP {>\ ‘ - N
¢ OF FIRST POST 1S
FOR FIXED JOINT, SEE SPLICE *A", BD-RL4E . ON STRUCTURE (€ OF POST /" RALLTUBE TYP.) % NI ! L
FOR EXPANSION JOINT, SEE SPLICE "B, BO-RL4E I\ M. ‘ .
\ 7V = r<—§ OF TURNBACK SPLICE W6 x 25 POST— © R
FOR EXPANSION JOINT, SEE SPLICE »ct, B-RLAE— [ OF JoINT e |+ INLOWER RAL %" DIA. GALY. STEEL ROUND HEAD L et
FOR FIXED JOINT, SEE SPLICE "0%, BORCAE | 40 yeavy posts 0 o SQUARE NECK BOLT ICARRIAGE BOLT) - %' el R
1000 A T - | 7/5" LONG, WITH HEX NUT, FLAT g}-{-‘@}
[A ]‘ , B | Tsmx%—;\ r‘c Lt /_ﬁ-_::}“ o SHELE el 0 po DETALS, WASHER AND LOCK WASHER (TYP)
» [ o~ et
] ] ]-- W6 x 25 ¥6 x 25 i S | ' "BOX BEAM GUIDE RAIL" SECTION G-G
4 ¥ - '3 — |'| |'] . (BASE PLATE)
LQ" 1 § OF POST —
! oo 0o oanomn an oAb an o T a SECTION F-F it
1-Q" (MIN)»' ! N s it mi i 1 i Wy 1t iy (1] = it i e ~ 0
L L YT B TTE BT [V S I T1) i g i Ty e i L 9" MEASURED ABOVE THE ‘ [ N
END OF STRUCTURE — IL:.'JI :.:-I: :Irl: oo 1 1y i |%n.l: u gl oun GROUND SURFACE AT THE € OF RAIL— - . \
v [ 1 il ui un uh i 1 o 7 - D OF TUBE, ‘
SEE DETAIL A" — " " " " " 1 " i S ‘1|_:' '-:' \ EN THE STHEE I . GS\ i i g !
s BV YT Y Tt S e =il
) — ] -] J
ELEVATION FOR THE TRANSITION ITEM, S8 isps o AL T
. 7 i DIA. HOLE
RAILING TRANSITION TO HIGHWAY BOX BEAM GUIDE RAIL z B el
DETAIL "A"
%q%'. DIA., GALY. STEEL ROUND HEAD
e o e |
5" LONG, , TOPS OF TUBES TD N
w[susn AND LOCK WASHER (TYP.) \' |/ BE FLUSH (TYP) NOTE TO THE DESIGNER:
TSBx 6 x /g GALVANIZED ﬂ " THE RAIL SYSTEM SHOWN IN THESE DETAILS IS INTENDED FOR USE
137" QAN \ 45| * LONG (TYP.) z' AL i ONLY ON SHORT, LOW LEVEL BRIDGES THAT CARRY LOW VOLUME
Ve Lo Lo 7y RS A i K, L, Ho M e
ol e || , : : N OF HEA L
Foae oam ] FF}&.TF - l\ ~1%" (TYP) HEAVY POST . i WASHER AND LOCK. WASHER: (TYP.} EITHER POSTED OR REDUCED. FOR SELECTION GUIDANCE, REFER
o 4 . W6 x 9 x 1'-0" LONG A | o TO THE PERFORMANCE LEVEL ONE (PL-1) CRITERIA AS DEFINED IN
! i WITH SOIL PLATE) K N_SPECIFICATIONS OR THE 1989
—j 1tz . Wi SIS TIN 15 NGT RECOMVENDED OB Lor ON BRIDGES WHOSE
§ " " 2 P -
T D . THO /" DIA. X 13" LONG — 7 Ts6x6x g (TYP) STRUCTURE LENGTH BETWEEN ABUTMENTS EXCEEDS 100 FEET.
| & STD. HEX HEAD BOLTS (ASTM - y . . TS6x6x Hg (TYP
Vo x25 @ 10-0F O] = g A325) WITH HEX NUTS AND FLAT 1A TR %" DIA X 7" MIN LENGTH HEX — /"
~a 756 x 6 x % WASHERS (1 NEAR SIDE OF WEB, L Lz HEAD BOLT (ASTM A32R5) WITH 4 NOTES:
) A . 1 FAR SIOE OF WEB) (TYP) e 7 HEX NUT AND FLAT WASHER (TYP.) ST ' DIA. HOLE TOP AND :
o —ty 1 ” V" DIA. X 1Y5" LONG STD. HEX BOTTOM GOR IE0L] FOR "SPLICE A" THRU "SPLICE D," SEE BD-RL4E.
& K . u HEAD BOLT WASTM A325) WITH =4
| 114" (TYP.) 1 NUT AND FLAT WASHER (TYP.) L5x 3/ x % - 42" LONG FOR "SPLICE E," SEE BD-RLSE.
' A2 > y SHELF ANGLE (TYP) L tor s
¥ ALL SIDES < MORTAR PAD - & 5" DIA. HOLES IN POST (TYP) —~ = .§~_—l_ FOR ADDITIONAL NOTES, SEE BD-RLSE.
2" @ g OF 3 e Bl . |2 DETAILS ON THE DRAWINGS LABELED AS “NOT TO SCALE” ARE
RAIL POST 1~ REFERENCE SURFACE L i R e e =i INTENTIONALLY DRAWN NOT TO SCALE FOR VISUAL CLARITY. ALL
G LEVEL G — & X3.0x ] 1 OTHER DETAILS, FOR WHICH NO SCALE IS SHOWN, ARE DRANN
YL P i : PROPORTIONAL AND ARE FULLY DIMENSIONED.
— = ' |9l MONOLITHIC SLAB I 3 it
) - 1" DIA. ANCHOR RODS - LA & 5%}];33 DEPARTMENT OF TRANSPORTATION
i REFERENCE SURFACE —
%STLMH’S("%LTFSU L,k*..{;‘{}%é‘s’“ SECTION B-B ™ OFFICE OF STRUCTURES
4E c i REVISED
- I [ i DOUBLE BOX BEAM BRIDGE RAIL
ny Ifm " - P W -1/
BtRigpo RIGHR LW‘ - I - CURBLESS FOR LOW VOLUME
~ o NoTE: SECTION C-C (NON-NHS) BRIDGE (1 OF 3)
' FOR_INSTALLATION ON PRESTRESSED LNIT APPROVED: 1718708
& OF RAILING ANCHORAGE — 1 SECTION A-A S e Wy A ORIGINAL SIGNED BY ISSUED UNDER EB 0B-002
GEORGE A. CHRISTIAN, PE. | EFFECTIVE WITH THE
DEPUTY CHIEF ENGINEER LETTING OF 1/08/09
(STRUCTURES)




SEE NOTE "A" — —§ OF 'S}c" DIA. HOLES IN TOP
166 %6 % ¥s a ™~ AND BOTTOM OF TS6x 6% ¥
S i o SPLICE TUBE A

%" DIA. FULLY THREADED BOLT 74"
LONG (ASTM A325), TNO FLAT WASHERS
AND HEAVY HEX NUT. NUT TO BE FINGER
TIGHT, AND THE FIRST THREAD BELOW
THE NUT TO BE DAMAGED A.0.BE. (TYP.

" DIA. FULLY THREADED BOLT 75" —

LONG (ASTM A325), TWO FLAT WASHERS
AND HEAVY HEX NUT. NUT TO BE FINGER
TIGHT, AND THE FIRST THREAD BELOW
THE NUT TO BE DAMAGED A.0B.E. (TYP)

§ OF '>/:" DIA. HOLES IN TOP

— ¢ OF '" DIA, HOLES IN
TOP AND BOTTOM OF TS6x 6x ¥g

PLAN “TRAFFIC SIDE

AND BOTTOM OF TS6x 6 x %
TOP BRIDGE RAIL

oA e
) r<~>—<——>|

= R § OF '3" DIA, HOLES IN TOP
AND BOTTOM OF TS6x 6 x

TOP TRANSITION RAIL

SPLICE TLBE A SPLICE TUBE B POST SPACER- ﬂ % 1
g !
TS6Xx6x Y NOTE "A”: 158 x B X A e H !
ELEVATION PROTRUSIONS CAUSED BY WELDING OR GALVANIZING ARE NOT - & S
PERMITTED ON THE INSIDE WALLS OF THE SPLICE AREA. ELEVATION N L P
~hrl” .
SPLICE A NOTE "B": WTI | iy
PROTRUSIONS CAUSED BY WELDING OR GALVANIZING ARE NOT SPLICE D 0
PERMITTED ON THE OUTSIDE WALLS OF THE SPLICE TUBE AND 0
THE OUTSIDE SURFACES OF THE FILL PLATES. W\ .
1
i3
SEE MOTE A= ~¥," DIA. HEX HEAD BOLT " LONG Y0 N : \l‘
€ OF 'S/" DIA. - 2" LONG sms IN L 2 A (W
{ASTM A325), TWO FLAT WASHERS AND o [/ me or_gu » - LI P
TOP AND BOTTON OF 756 x 6 x ¥ —V*J HEAVY HEX NUT. NUT TO BE FINGER TIGHT, XX 28— | {N
AND THE FIRST THREAD BELOW THE NUT SOIL PLATE i e
TS6 X6 X %5 — { TO BE DAMAGED A.0.BE. (TYP. Tr i
I — . 2 -
B _E_': "'f’-‘"'*'*" ____ .l g % Tt - SPLICE TUBE A W[ ¥
L I i /'@ n ; J' | f,;l;’z_-u ] % Yrx 18" FILL B H
P o il
P 3 ' ™ A K% 29" FILL R
¥ DIA. HEX HEAD BOLT 7'/2" LONG — ~— ~— ¢ OF '%¢" DIA. HOLES IN TOP & ~C ' ’ T(AFSSTM SASOO%GR B) GALV.
(ASTM A325), TWO FLAT WASHERS AND “TRAFFIC SIDE  AND BOTTOM OF TS6x6x ¥ 2%
HEAVY HEX NUT. NUT TO BE FINGER ' & &
TIGHT, AND THE FIRST THREAD BELOW PLAN 1 , HEAVY POST
THE NUT TO BE DAMAGED A.OB.E. (TYP) i | = LA
~SET 1%4" @ 68°F le LU S .-L ‘
e %..’ & Iy | et — ¢ OF 1%" DIA. HOLTEUS N
OF "t DIA, - 2* LONG SLOTS IN | " e ¢ OF K DI HOLES N TOP 210/ | ToP & BOTTOM OF TuBE
TOP AND BOTTOM OF TS6x6x = . =7 WD B TIOM OF TS6x6x % Bl
_ SPLICE TUBE A
------- ) %‘[) PR 207"
S S R——
ELEVATION
SPLICE B :
i o - g OF 14" DIA. HOLES IN
TOP & BOTTOM OF TUBE
ELEVATION

SEE NOTE "A" —/

OF '%" DIA. - 2" LONG SLOTS N~ _
TOP AND BOTTOM OF TS6x 6 x ¥s

TSex6x ¥

%" DIA. HEX HEAD BOLT T7%5" LONG =
(ASTM A325), TWO FLAT WASHERS AND

—%," DIA, HEX HEAD BOLT 7)o" LONG

(ASTM A325), TWO FLAT WASHERS AND
HEAYY HEX NUT. NUT TO BE FINGER TIGHT,
AND THE FIRST THREAD BELOW THE NUT
TO BE DAMAGED A.OB.E. (TYP.}

- =-SPLICE TUBE B

N
TS g oF S DIA WOLES IN JOP
\ AND BOTTOM OF T56x 6 x ¥
TRAFFIC SIDE

—7

-~ SEE

NOTE A"
~ —SPLICE TUBE B

SPLICE TUBE

A

i A
[ R .
EOFPOS!T/‘ l:--I 'W‘ R

| ’ W " Y
{ = A ! i n i }SV b
—— TSEx6x ¥ —TRAFFIC SIDE : .
12y N
IN POS L S 7 '
PLAN OF POST SPACER b VA :
v LU L]
\ o P '| 4
. v“'l rl ] }31/2.. .
o A% ke S L
i i " | 7{

NOTE:
TRANSITION RAILS NOT SHOWN

: : ;
|+ JJ_‘LW.., %" DIA. HOLES (TYP) \ '
i) e

-4 Y iii

BOD-RL4E

*s. »——HOLES IN THE POST FOR THE LOWER RAIL

v/ MAY BE LOCATED AND DRILLED IN THE FIELD.
/% IF S0, THE GALVANIZING SHALL BE REPAIRED
f IN ACCORDANCE WITH SUBSECTION T19-01
OF THE M.Y.S. STANDARD SPECIFICATIONS.

“
|

N

14 o
..__'_“‘ 8")('/4")(2’-8" Tl =
T=--o.__SOIL PLATE r
s !
~PERMISSIBLE TO CUT ALONG :E ---r]
THIS LINE FOR DRIVING (TYP. on.

ON ALL GUIDE RAIL POSTS)

p-—----r-u{--s--q‘

B A

NOTE:
TRANSITION RAILS NOT SHOWN

TRANSITION POST
NOT TO SCALE

NOTES:
FOR ADDITIONAL NOTES, SEE BO-RLSE.

FOR LOCATION OF “SPLICE A" THRU "SPLICE D",
SEE BD-RL3E.

FOR "SPLICE E" AND "SPLICE TUBE B", SEE BD-RL5E.

HEAVY HEX NUT. NUT TO BE FINGER
TIGHT, AND THE FIRST THREAD BELOW PLAN
THE NUT TO BE DAMAGED A.0.BE. (TYP)

— SET 1% @ 68°F

LS e

§ OF 3" DIA, - 2" LONG SLOTS IN

— ¢ OF " DIA. HOLES IN ToP
TOP AND BOTTOM OF 156 x 6 x ¥ - = : "~ AND BOTTOM OF TS6x 6 x %

~———SPLICE TUBE B

TS6 x 6% ¥

ELEVATION
SPLICE €

-FOR FIXED JOINT DETAILS, SEE “SPLICE DETAIL p"
FOR EXPANSION JOINT DETAILS, SEE "SPLICE DETAIL C

1'-6" MIN. (FIXED JT.) -
2'-0" MIN. [EXP. JT.) 7
! L - 4%’”‘ I
; “ POST SPACING ' =
led - .-’A

]
S - =
]

~§ OF POST

.
.
]
'
=

JOINT ASSEMBLY —

1
10" HIN) L—
~+—— END OF STRUCTURE

OR EDGE OF BLOCKOLT
FOR JOINT ASSEMBLY

TYPICAL RAILING ELEVATION ON BRIDGE
NOT TO SCALE

DETAILS ON THE DRAWINGS LABELED AS "NOT TO SCALE™ ARE
INTENTIONALLY DRAWN NOT TO SCALE FOR VISUAL CLARITY. ALL

OTHER DETAILS,

FOR WHICH NO SCALE IS SHOWN, ARE DRAWN

PROPORTIONAL AND ARE FULLY DIMENSIONED.

ISSUED
5/01/08

REVISED

STATE OF NEW YORK
DEPARTMENT OF TRANSPORTATION
OFFICE OF STRUCTURES

DOUBLE BOX BRIDGE RAIL
CURBLESS FOR LOW VOLUME
(NON-NHS) BRIDGES (2 OF 3)

APPROVED: 1/18/08
ORIGINAL SIGNED BY

A, CHRISTIAN, P.E.

DEPUTY CHIEF ENGINEER
(STRUCTLURES)

ISSUED UNDER EB 08-002
EFFECTIVE WITH THE
LETTING OF 1/08/09




¥;" DIA. FULLY THREADED BOLT 745"

LONG (ASTM A325), TWO FLAT WASHERS ||
AND HEAVY HEX NUT. NUT TO BE FINGER |,

TIGHT, AND THE FIRST THREAD BELOW 1
THE NUT TO BE DAMAGED A.0B.E. (TYP.) \

TSEX6x K —\ \
3 1 .
|
-t A
OF 15/ DIA. HOLES IN TOP——m)—ad ol o] .
AND BOTTOM OF TS6x6x ¥ )

FIXED SPLICE TUBE7

/
~SEE NOTE "A"  /

TOP HIGHWAY RAIL

TOP TRANSITION RAIL e —TS6x6x %

SPLICE TUBE A —

ELEVATION

SPLICE E

I/zn__._”_,._///% V211

2 Ul i
3 Ts.,
| ot
* I~ Ut
¢ OF 1%" DIA, HOLES IN - ! —-
TOP & BOTTOM OF TUBE L 2-10%" o

¢ OF 14" DIA. HOLES IN4—'—-—[—>1——1 ﬁSEE NOTE B
TOP & BOTTOM OF TUBE Y

[ e T T e e e e e T e

TS5 x5x %
(ASTM AS00 GR. B) GALV.

% P ELEVATION

SPLICE TUBE B

xH'x 29" FILL £

NOTE "A":

1" ALL SIDES . <@ OF RAILING ANCHORAGE

T iy
r

" LEVEL ~— TOP ANCHOR PLATE
e ==

j 2 cov.fh— ]y 6" MIN. SLAB THICKNESS
THIS DIMENSION MUST BE !
1/n
CALCULATED FOR EACH BRIDGE 4 W W 7 Ve MIN,
)
13 COMPOSITE REINFORCEMENT (MAY
19— | BE CUT IN AREA OF RAILING
.. ANCHORAGE IF NECESSARY)
4 MIN-—— | |y | —BOTTOM ANCHOR PLATE
6" MAX. & (SEE DETAIL THIS SHEET)
CONCRETE GROUTING MATERTAL —' £~ (5)- 1" DIA. A449 FULLY THREADED

LEVELING COURSE. MATERIAL

N (8" G MIN.
SPECIFICATION 701-05, EEHGN RODSEE COE )

SECTION A-A
PRESTRESSED UNIT SUPERSTRUCTURE
(BOX BEAM SHOWN, SLAB UNIT SIMILAR)

L
N D T
: ™ 5| | 2 o
THE COST OF THE BOTTOM ANCHOR i et r‘ ' (

PLATE AND FIVE 1" DIA. RODS CAST e i

INTO BOX BEAMS SHALL BE INCLUDED i

IN THE PRICE BID FOR THE PRECAST e
CONCRETE UNITS

THREADED HOLE FOR — | | :
1" DIA, (A449) , G? T
THREADED ROD (TYP.) J

110"

1" PLATE ASTM A588 — ™| Vo
OR A572 GR. 50 @ Al

i
3" DIA. HOLE Lg"

BOTTOM ANCHOR PLATE

PROTRUSIONS CAUSED BY WELDING OR GALVANIZING ARE NOT
PERMITTED ON THE INSIDE WALLS OF THE SPLICE AREA.

NOTE "B":

PROTRUSIONS CAUSED BY WELDING OR GALVANIZING ARE NOT
PERMITTED ON THE OUTSIDE WALLS OF THE SPLICE TUBE AND
THE OUTSIDE SURFACES OF THE FILL PLATES.

i %" DIA. HOLE_IN BOX BEAM (TOP AND
. BOTTOM) FOR %" DIA. BOLTS Tl
LONG (ASTM A325) NITH HEX NUT, 2 STD.
WASHERS {1 TOP AND 1 BOTTOM) AND 1
_GALVANIZED LOCK WASHER (TYPICAL)

< SEE NOTE *A"
TS6 X 6 x ¥ BOX BEAM RAIL- T { !
| ; SPLICE TUBE
1l
e wvpy | | o | o 'JJ- Yy qT1P)
iy

TURN BACK SPLICE

THIS ANGLE IS DETERMINED BY— \

OF THE BOX BEAM. SEE BD-CM3E.

'x ®'x 97" LONG——
FILL PLATE (TYP.)

BD-RLSE

La——§ OF RAILING ANCHORAGE
EDGE OF FASCIA BEAM ——n |

1 1-10"
z}’."_..1 - A2 | B
1 | -2
' L1y
1% PLATE A588—— [ | -
OR AST2 GR. 50 | .|| {b c?*--k i
alk @ '| .=,.| ~—1lex 2
ﬁ | il Ia SLOTTED HOLE
o [ | - &
L - b ! — | :n‘
FULLY THREADED HOLE— | & o) VT 2 x 2 PLATE
FOR 1" DIA. THREADED = {4588 OR A572 GR. 50) (TYP.)
RODS. (TYP, 4 PLACES) J | 5/'2.. ] hﬁs.’ ATYP.
EAl unx -

NOTES:

THE COST OF THE TOP ANCHOR
PLATE AND THE FOUR (4) 1" DIA,
RAILING ANCHOR RODS SHALL BE
INCLUDED IN THE PRICE BID FOR
THE BRIDGE RAILING.

TOP AND BOTTOM ANCHOR PLATES
TO BE GALVANIZED IN ACCORDANCE
WITH MATERIAL SPECIFICATION 719-01.

TOP ANCHOR PLATE

NOTES:
RAIL TUBES SHALL BE IN CONFORMANCE WITH MATERIAL SPECIFICATION 710-23.

ALL RAILING IS TO BE FABRICATED AND ERECTED SO THAT THE RAILS ARE
PARALLEL TO EACH OTHER AND THE RAILING POSTS ARE TRULY VERTICAL.

THE BASE PLATES SHALL BE PERPENDICULAR TO THE POST UNLESS
OTHERWISE NOTED.

TUBULAR STEEL RAILS, RAIL TUBE SPLICE ASSEMBLIES, BOLTS, NUTS, LOCK
WASHERS, AND PLAIN FLAT WASHERS SHALL BE PAID FOR UNDER THE RAILING ITEM.

ANCHOR RODS, NUTS, WASHERS, AND ANCHOR PLATES SHALL BE PAID FOR UNDER THE
RAILING ITEM.

AFTER THE ANCHOR ROD NUTS HAVE BEEN PLACED AND TIGHTENED TO THE
SATISFACTION OF THE ENGINEER, THE RODS SHALL BE CUT OFF BY FLAME CUTTING
1" ABOVE THE NUT, AND THE FIRST THREE THREADS ABOVE THE NUT SHALL

BE DAMAGED AS ORDERED BY THE ENGINEER.

BRIDGE RAILS SHALL SPAN A MINIMUM OF THREE POSTS.

UNLESS COVERED BY OTHER SPECIFICATIONS, ALL DIMENSIONS RELATED TO THE
FABRICATION OF THE STEEL RAILING SHALL HAVE A TOLERANCE OF Vi INCH~

PRIOR TO GALVANIZING THE ASSEMBLED POST, GRIND ALL EDGES OF ALL PLATES
70 A MINIMUM RADIUS OF % INCH.

EXCEPT AS NOTED ALL BOLTS TO BE TORQUED SNUG TIGHT (APPROXIMATELY
100 ft.-lbsJ

ALL STEEL SHALL BE GALVANIZED AFTER WELDING IN ACCORDANCE WITH THE N.Y.S.
STANDARD SPECIFICATION SUBSECTION 719-01.

NOTES:

S | 6" (TYP)
THE 9" WEASUREMENT ABOVE THE | s PN f ; TS5 x 55{5 FOR LOCATION OF "SPLICE E", SEE BD-RL3E.
GROUND SURFACE AT THE END N c @ AV S00NGR- 8) EATE: DETAILS ON THE DRAWINGS LABELED AS "NOT TO SCALE" ARE
‘TYPJ>5, x INTENTIONALLY DRAWN NOT TO SCALE FOR VISUAL CLARITY. ALL
< OTHER DETAILS, FOR WHICH NO SCALE IS SHONN, ARE DRAWN
A SO PROPORTIONAL AND ARE FULLY DIMENSIONED.
i 26° i o=
’ B-UIYB> Mo 2
450 '\r‘w LA ISSUED STATE OF NEW YORK
/ = SEE NOTE "B" ' 5/01/08 DEPARTMENT OF TRANSPORTATION
N ; S OFFICE OF STRUCTURES
5 |, % e"x " SLOT IN FILL PLATES BOTTOM STEEL BACK-UP /-J’ 7 REVISHD
[ L BAR TO REMAIN 4

& qso\a uve AND IN TS5 x5 x %5 (TOP & BOTTOM) S DOUBLE BOX BRIDGE RAIL

T CURBLESS FOR LOW VOLUME
ELEVATION PLAN WELD FN%B ToSsPcLALIECE TUBE (NON-NHS) BRIDGES (3 OF 3)

APPROVED: 1/18/08
TURN BACK SPLICE TUBE ORIGINAL SIGNED BY ISSUED UNDER EB 08-002
_OEORGE A. CHRISTIAN, PE. | EFFECTIVE WITH THE
DEPUTY CHIEF ENGINEER LETTING OF 1/08/09
(STRUCTURES)
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CB X 13 CHANMEL "
KEEPER AND LIFTING PLATE

2" % 10" x 14' TRANSVERSE LAMINATED DECK

“W’L*

12" SPACE

4 CORNERS WITH WA-33
HAZARD MARKER AT TOP
(FIELD INSTALL)

2.8y

DECK UNITE NOT FASTENED

T STEEL UNIT

% il Ve
TRABER BEARING

R

- 2 B8 x 77 LAG BOLTS

BRIDGE LENGTH

wr ﬁﬁiﬁifi UNIT

?M“‘M

BULKHEAD UNI
3~ 127 % 18« 0" MADE
OF 3" x B" PLANKS )

Scale 114" = 1

\- SILL SUPPORT F@iﬁ&‘i@%”fi{}?@ USED
AS A BRIDGE BEARING MEMBER
SEE MNR STANDARD DRAWING FOR
SiLL SUPPORY Sﬁ%’?ﬁﬁﬁmﬁﬁg

-MINIMUM SET. <BACK LING FOR ABUTMENT
SEARING SYSTE
BE PLACED BEHIND THIS SLOPE.

-~ FOR SCOUR AND EROSION PROTECTION
LINE BANK WITH 6" MINIMUM RIP.-RAP
OR COBBLES, FREQUIRED EXTEND
RIF-RAP TO TOE OF SLOPE.

. BEARING TIMBERB TO

SR Y DUILE
4. FOR VERY SOFT, BOET AND FiRtd CLAYS
LANSE PENETRATED AN NCH Y
THURE WITH MODERATE EFFORT CONGULY
APROPESSIONSL ENGINEER FOR DESIGK,

2.EORBTIEFOIAY m&ﬁ&? BGERTED Iy
S THANAS BUT PENETRATED ONNLY WY
GREAT BFEORT 40 FL MK BiDeE
S
3. FOR VERY STIFF AN H0ED SLATS (Tl
BEENTED BY THUNE HAR - 20 F1.
K, BRIDOE SPa

GRANULAR SQILS

1 FOR LODSE AND COMPACT SANOS EASIY
SENETRATED WITH A V50 RENFORCING ROD
DRVEN WATH A 515 HAMMER CONSULT A
PROPESSIONAL ENGINEER FOR DERIGH,

2, FOR DENEE SANG, COMPATT ANE DENSE

VEELL GRADED - SAND MIXTURES, GLAGIAL

| TILL, ROCK FILL AND BEDROCK - 40 P,

MK, BRIDEE SPAN,

_ HEY ' '
DATE | on, REVIRION Y| AEPD
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FOR GENERAL TES VNG
£258 GR C:ENLRA" (E\)f’? E G
; 5758 Py | :
190xB60 THRU BOLT #6399 . 152%182 CONTINUDUS
& 814 WaK NOTCH UMDERSIDE OF RUNNING 1 76 5 o y HOTCH UNDERSIDE OF RUNNMNG CURE THAZER 16 x 250 THRU BOLT
1315191 CONTINUOUS e B Bons \iAn — : [— PLANKS FOR S0LT HERD
SURA TMAERS {ANKS FOR BOLT ('—‘Eﬁl@ @119 1a1570 P . 152x152 BLOCKING AT NOTES:
3 }ﬂfﬁﬂé §8&JI\E'3KH§ - ! GUIDERAR. POST “ 5 POST LOGATIONS V61812300 BLOCKING E— ';l, « _
1813191 TRANSVERSE b ’ ; = 7Bx703 ROUGH __ CLP TRANSVESSE TMBER DECK 10 AT POST LOCATIONS 1. CGUIDE RALS ARE TO BT
TIMBER DECK L} [ | RUDNENG PLANKS CUTSIDE STRIMGERS @ 1143 ofc MAX CONSIDERED ON LONG COR HIGH
g i [><:|><f|7‘>< S R R BT e R P e T D B el Vo ' l (15 @ x 300 i FHRU BOLT & CLF) i BRIBGES
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