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1 INTRODUCTION

1.1 Background

Between 1988 and 2013, numerous bridge railing systems were developed for use on wood
deck bridges in accordance with the impact safety criteria found in National Cooperative Highway
Research Program (NCHRP) Report No. 350, Recommended Procedures for the Safety
Performance Evaluation of Highway Features [1]; the American Association of State Highway
and Transportation Officials (AASHTO) Guide Specifications for Bridge Railings [2]; and the
AASHTO Manual for Assessing Safety Hardware (MASH) 2009 [3]. In 2016, AASHTO’s MASH
was updated. Both MASH 2009 and MASH 2016 [4] included updated safety criteria which
reflected current vehicles and characteristics, as well as new hardware categories, improved crash
test documentation, objective vehicle damage criteria, and refined occupant risk limits. To date,
only two bridge railing systems have been developed, only one of which has been crash tested, for
use on wood bridges using the updated MASH 2016 testing conditions and criteria. Thus, there
exists a need to develop new and/or modify existing bridge railing and approach guardrail
transition systems for use on wood bridges under the MASH 2016 impact safety standards. For
this effort, these systems would need to be subjected to crash testing along with an evaluation of
the results.

In collaboration with the United States Department of Agriculture — Forest Service — Forest
Products Laboratory (USDA — FS — FPL), the Midwest Roadside Safety Facility (MwRSF) of the
University of Nebraska-Lincoln (UNL) initiated a project to (1) identify bridge railing systems
that have been previously developed under prior safety criteria, (2) document bridge railings
currently in use in the field, and (3) create a research plan to update selected bridge railing and
approach guardrail transition systems to meet current AASHTO MASH 2016 impact safety
standards.

1.2 Project Objectives & Scope

The primary objectives of this Phase | research study were to identify previous cooperative
projects that resulted in the development and crash testing of bridge railings for use on wood
bridges in order to formulate a new design and crash testing program to develop new and/or
upgrade existing bridge railings and approach guardrail transitions to meet current national impact
safety standards.

This project focused on commonly-used, non-proprietary bridge railing systems. The
systems consisted of sawn timber, glue-laminated (glulam) timber, steel, concrete, or any
combination of the aforementioned materials. The future systems would be installed on many
different deck types, including longitudinal or transverse glulam, nail-laminated, spike-laminated,
or stress-laminated timber decks. In the past, some systems had even been modified for
implementation on reinforced concrete or fiber-reinforced polymer decks.

1.3 Research Approach

The first step in this research process was to perform a literature review. This investigation
was completed by searching through MwRSF’s expansive library of research and test reports,
journal articles, and conference papers written on bridge railing and approach guardrail transition

1
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systems. Multiple searches were also performed using online databases, including but not limited
to, the Transportation Research Board’s (TRB) Transport Research International Documentation
(TRID) database and Google Scholar. In searching through these sources, all reports and papers
covering bridge railing systems attached to timber bridge decks, timber bridge railings anchored
to concrete bridge decks, or approach guardrail transitions developed for these systems were
acquired, reviewed, and compiled into Sections 2 through 5 of this report.

An electronic informational survey was also developed and submitted to consultants and
contractors, as well as Federal and State government agencies to obtain details regarding bridge
railing systems currently in use. The survey also served as a means to obtain feedback from these
groups in regard to the systems that they would like to see updated and/or developed to meet the
current AASHTO MASH 2016 standards. More information on this survey can be found in Section
6 of this report, and a copy of the survey can be found in Appendix A.

Using information gathered from the literature review and survey, as well as the opinions
of the research team, a priority listing of bridge railing and approach guardrail transition systems
was created for guiding the future redesign, upgrade, testing, and evaluation under the AASHTO
MASH 2016 impact safety criteria. A global priority list of research projects with rough estimated
budgets and bulleted lists of tasks was created for each set of bridge railing and approach guardrail
transition systems. This summary is tabulated in Section 7 of this report.
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2 LITERATURE REVIEW

2.1 Literature Review

For this research project, an in-depth investigation was conducted to identify all
crashworthy bridge railing systems developed for use on wood bridge decks, wood bridge railings
that were developed for reinforced concrete decks, as well as approach guardrail transitions that
were developed for use with the existing bridge railings. To do so, a common literature review was
performed, as well as searches through multiple web-based, online sources of standard details and
plans, research reports, test reports, journal articles, conference papers, and webpages. From this
literature review, 25 bridge railing systems were discovered, 14 of which were also developed with
a guardrail to bridge railing transition or end treatment. For each bridge railing, transition, or end
treatment, multiple pieces of information were collected, including:

e System name,

e Test specification,

e Test or performance level,
e Test details,

e Deck type,

e System materials,

e Research sponsor, and

e Research or test agency.

The test specification refers to the standards that were used to crash test and evaluate the system.
For example, NCHRP Report No. 350 [1] or AASHTO Guide Specifications for Bridge Railings
[2] would both be considered test specifications. The test details contain information about the
type and weight of vehicle used in testing, the impact speed, and the impact angle. Further,
schematics and photographs of each system were gathered, if available.

A search was also performed to find consulting groups, contractors, and fabricators that
design, supply, and build wood bridges across the United States. Using commercial websites,
additional information and images of existing bridge railing systems were collected. The
organizations that were found and investigated included the following:

e Alamco Wood Products, LLC/Bell Structural Solutions; Albert Lea, MN;
e Backwoods Bridges; Freeport, FL;

e Bridge Builders USA, Inc.; Otto, NC;

e Laminated Concepts Inc.; Big Flats, NY;

e Nature Bridges; Monticello, FL;

e Western Wood Structures; Tualatin, OR;

e Wheeler Lumber LLC/Erickson Engineering; Eden Prairie, MN; and

3
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e York Bridge Concepts; Lutz, FL.

It was found that many of these companies use bridge railing systems similar to those that have
been tested in the past, but with slight modifications or deviations. For this reason, these companies
were also contacted during the survey portion of this research project in order to obtain more
information.

Systems found through the literature review were then organized based on key
characteristics and broken down into families of systems. The research team identified seven
different families of systems, six of which were later considered for new research and development
in the survey portion of this project. These seven families will be identified and examples will be
shown in the next section of this report.
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3 BRIDGE RAILING SYSTEMS
3.1 Introduction

Section 3 provides an overview of 25 bridge railings for timber deck bridges or timber
bridge railings for other deck types, such as reinforced concrete. As previously stated, seven
families of systems were identified through the literature review. The seven families of systems
are as follows: (1) Low-Height, Curb-Type Systems, (2) Timber Railing without Curb Systems,
(3) Timber Railing with Curb Systems, (4) Timber Barrier Systems, (5) W-Beam Systems, (6)
Thrie Beam Systems, and (7) Steel-Backed Timber Systems. In this chapter, Sections 3.2 through
3.4 detail Low-Height, Curb-Type Systems, Sections 3.5 through 3.7 detail Timber Railing without
Curb Systems, Sections 3.8 through 3.13 detail Timber Railing with Curb Systems, Section 3.14
details a Timber Barrier System, Sections 3.15 through 3.18 detail W-Beam Systems, Sections
3.19 through 3.23 detail Thrie Beam Systems, and Sections 3.24 through 3.26 detail Steel-Backed
Timber Systems. It should be noted that the Timber Barrier System family was not offered for
future development in the survey portion of this research project.
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3.2 Low-Height, Curb-Type, Timber Bridge Railing [5-11]

Test Specification: NCHRP Report No. 350 [1]

Test Level: Sub-Test Level 1 (TL-1)

Test Details: 4,406-1b pickup truck, 14.4 mph, 15 degrees

Deck Type: Longitudinal, Glue-Laminated (Glulam) Timber Deck
System Material: Sawn Timber Rail and Scuppers

Research Sponsor: USDA — FS — FPL

Research/Test Agency: MWRSF — UNL
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Figure 1. Schematics of Low-Height, Curb-Type, Timber Bridge Railing: (a) 12-in. Tall Square;
(b) 12-in. Tall Rectangle; and (c) 14-in. Tall Trapezoid
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Figure 2. Low-Height, Curb-Type, Timber Bridge Railing: 12-in. Tall Square
7
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3.3 Low-Height, Curb-Type, Glulam Bridge Railing [7-13]

Test Specification: NCHRP Report No. 350 [1]

Test Level: TL-1

Test Details: 4,435-Ib pickup truck, 31.6 mph, 24.3 degrees

Deck Type: Longitudinal, Glulam Timber Deck

System Details: Glulam Timber Rail with Sawn Timber Scuppers
Research Sponsor: USDA — FS — FPL

Research/Test Agency: MWRSF — UNL

—

Figure 4. Low-Height, Curb-Type, Glulam Bridge Railing



July 15, 2020
MwRSF Report No. TRP-03-429-20-R1

3.4 Low-Height, Curb-Type, Glulam Bridge Railing [14, 15]

Test Specification: AASHTO MASH 2009 [3]

Test Level: TL-1

Test Details: 5,007-Ib pickup truck, 30.8 mph, 26.1 degrees

Deck Type: Transverse, Nail-Laminated Timber Deck

System Materials: Glulam Timber Rail with Sawn Timber Scuppers
Research Sponsor: West Virginia Department of Transportation (WVDOT)
Research/Test Agency: MWRSF — UNL

{

- 3 778" U

= || N
SN, |
/ [

Noil-Lomina ted @
Timber Deck

Figure 5. Schematic of Low-Height, Curb-Type, Glulam Bridge Railing

Figure 6. Low-Height, Curb-Type, Glulam Bridge Railing

Note: This bridge rail was developed for use with the Low-Height, Curb-Type, Glulam Bridge
Railing End Treatment found in Section 4.2 of this report.
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3.5 “Shoe Box System”/Glulam Timber Rail without Curb Bridge Railing

[7,9, 11, 13, 16-22]

Test Specification: AASHTO Guide Specifications for Bridge Railings (1989) [2]

Performance Level: Performance Level 1 (PL-1)
Test Details: 5,400-1b pickup truck, 45.0 mph, 21.8 degrees; 1,849-1b car, 50.1 mph, 21.5 degrees

Deck Type: Longitudinal, Glulam Timber Deck

System Material: Glulam Timber Rail with Sawn Timber Posts

Research Sponsor: USDA — FS — FPL
Research/Test Agency: MWRSF — UNL

691575 9.5

|05

135

32’ R

L —

g éilfq T

Figure 8. "Shoe Box System" Bridge Railing

48"

Note: This bridge railing was developed for use with the “Shoe Box System” Transition found in

Section 4.3 of this report.
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3.6 Timber Bridge Rail System | [23, 24]

Test Specification: AASHTO Guide Specifications for Bridge Railings (1989) [2]

Performance Level: PL-1

Test Details: 1,800-1b car, 50.1 mph, 18.6 degrees; 5,400-Ib pickup truck, 46.0 mph, 20.3 degrees
Deck Type: Transverse, Glulam Timber Deck

System Material: Glulam Timber Rail with Sawn Timber Posts

Research Sponsor: United States Department of Transportation — Federal Highway
Administrations (USDOT — FHWA) — Office of Engineering and Highway Operations

Research/Test Agency: Constructed Facilities Center — West Virginia University (CFC — WVU)
and Texas A&M Transportation Institute (TTI)
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Figure 9. Schematic of Timber Bridge Rail System | (No Photographs Available)

Note: This bridge railing was developed for use with the Timber Bridge Rail System | Transition
found in Section 4.4 of this report.
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3.7 Glulam Timber Bridge Railing [25, 26]

Test Specification: NCHRP Report No. 350 [1]

Test Level: Test Level 2 (TL-2)

Test Details: 4,478-Ib pickup truck, 42.9 mph, 26.2 degrees
Deck Type: Transverse, Glulam Timber Deck

System Material: Glulam Timber Rail and Posts

Research Sponsor: USDA — FS — FPL

Research/Test Agency: MWRSF — UNL
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e
RINNES l
o 131721 3174
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|‘
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149~ 10 1/2" long 36 13/16"
- o
. L
2" | " @ w2 1/4"
5 178" ? f 7 1'/4"
' -
2.1

Figure 10. Schematic of Glulam Timber Bridge Railing

—

|- RERNRERYEERENE

Figure 11. Glulam Timber Bridge Railing

Note: This bridge railing was developed for use with the Glulam Timber Bridge Railing/Nested
W-Beam Guardrail Transition found in Section 4.5 of this report.

12



July 15, 2020
MwRSF Report No. TRP-03-429-20-R1

3.8 Glulam Bridge Rail [27]

Test Specification: AASHTO Guide Specifications for Bridge Railings (1989) [2]

Performance Level: PL-1 (Preliminary Guidelines)

Test Details: 1,983-1b car, 59.2 mph, 20.0 degrees; 5,419-Ib pickup truck, 47.5 mph, 20.0 degrees
Deck Type: Glulam Timber Deck

System Material: Glulam Timber Rail with Sawn Timber Curb and Posts

Research Sponsor USDOT — FHWA — Office of Traffic and Safety Operations

Research/Test Agency: The Scientex Corporation
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Figure 13. Glulam Bridge Rail
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3.9 Weyerhaeuser Traffic Rail [28]

Test Specification: 1975 AASHTO Interim Specifications for Highway Bridges [29]
Performance Level: NA

Test Details: Static Load Testing Only

Deck Type: Longitudinal, Glulam Timber Deck

System Materials: Glulam Timber Curb and Rail with Sawn Timber Posts
Research Sponsor: Weyerhaeuser Company

Research/Test Agency: Weyerhaeuser Company
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Figure 15. Weyerhaeuser Traffic Rail
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3.10 “Curb System”/Glulam Timber Rail with Curb Bridge Railing [7, 9, 11, 13, 16-22]

Test Specification: AASHTO Guide Specifications for Bridge Railings (1989) [2]
Performance Level: PL-1

Test Details: 5,400-Ib pickup truck, 44.1 mph, 23.4 degrees

Deck Type: Longitudinal, Glulam Timber Deck

System Materials: Glulam Timber Rail with Sawn Timber Curb and Posts
Research Sponsor: USDA — FS — FPL

Research/Test Agency: MWRSF — UNL
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Figure 16. Schematic of "Curb System™ Bridge Railing

Figure 17. "Curb System" Bridge Railing

Note: This bridge railing was developed for use with the “Curb System” Transition found in
Section 4.6 of this report.
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3.11 Timber Bridge Rail System 11 [23, 24]

Test Specification: AASHTO Guide Specifications for Bridge Railings (1989) [2]

Performance Level: PL-1

Test Details: 1,800-1b car, 49.7 mph, 21.0 degrees; 5,400-Ib pickup truck, 46.1 mph, 19.1 degrees
Deck Type: Transverse, Glulam Timber Deck

System Material: Glulam Timber Rail with Sawn Timber Curb and Posts

Research Sponsor: USDOT — FHWA — Office of Engineering and Highway Operations
Research/Test Agency: CFC — WVU and TTI
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Figure 18. Schematic of Timber Bridge Rail System Il (No Photographs Available)

Note: This bridge railing was developed for use with the Timber Bridge Rail System Il Transition
found in Section 4.7 of this report.
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3.12 Glulam Timber Rail with Curb Bridge Railing (GC-8000) [7, 9, 11, 13, 20-22, 30, 31]

Test Specification: AASHTO Guide Specifications for Bridge Railings (1989) [2] and NCHRP
Report No. 350 [1]

Test Level: Performance Level 2 (PL-2) and Test Level 4 (TL-4)

Test Details: 18,000-Ib single-unit truck, 51.2 mph, 16.8 degrees; 4,509-1b pickup truck, 57.5
mph, 21.8 degrees; 4,600-1b pickup truck, 60.9 mph, 24.9 degrees

Deck Type: Longitudinal, Glulam Timber Deck

System Materials: Glulam Timber Rail with Sawn Timber Curb and Posts
Research Sponsor: USDA — FS — FPL

Research/Test Agency: MWRSF — UNL
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Figure 19. Schematic of GC-8000 Bridge Railing

Figure 20. GC-8000 Bridge Railing

Note: This bridge railing was developed for use with the GC-8000/Standard W-Beam Guardrail
Transition found in Section 4.8 of this report.
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3.13 Glulam Timber Rail with Curb Bridge Railing [9-11, 32, 33]

Test Specification: NCHRP Report No. 350 [1]
Test Level: TL-4

Test Details: 17,637-Ib single-unit truck, 46.5 mph, 16.0 degrees; 4,394-lb pickup truck, 61.6
mph, 27.4 degrees

Deck Type: Transverse, Glulam Timber Deck

System Material: Glulam Timber Rail, Curb, and Posts
Research Sponsor: USDA — FS — FPL

Research/Test Agency: MWRSF — UNL
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Figure 21. Schematic of Glulam Timber Rail with Curb Bridge Railing

Figure 22. Glulam Timber Rail with Curb Bridge Railing

Note: This bridge railing was developed for use with the Glulam Timber Rail with Curb Bridge
Railing/Standard W-Beam Guardrail Transition found in Section 4.9 of this report.
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3.14 Weyerhaeuser Traffic Barrier [28]

Test Specification: 1975 AASHTO Interim Specifications for Highway Bridges [29]
Performance Level: NA

Test Details: Static Load Testing Only

Deck Type: Longitudinal, Glulam Timber Deck

System Materials: Glulam Timber Components

Research Sponsor: Weyerhaeuser Company

Research/Test Agency: Weyerhaeuser Com[a)any
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Figure 24. Weyerhaeuser Traffic Barrier
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3.15 Flexible, W-Beam Bridge Railing [6-11, 34]

Test Specification: NCHRP Report No. 350 [1]

Test Level: TL-1

July 15, 2020
MwRSF Report No. TRP-03-429-20-R1

Test Details: 4,504-Ib pickup truck, 30.6 mph, 24.9 degrees

Deck Type: Longitudinal, Glulam Timber Deck

System Materials: Steel Rail with Sawn Timber Posts

Research Sponsor: USDA — FS — FPL
Research/Test Agency: MWRSF — UNL
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Figure 26. Flexible, W-Beam Bridge Railing
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3.16 Semi-Rigid, Top-Mounted, W-Beam Bridge Railing [7-11, 35]

Test Specification: NCHRP Report No. 350 [1]

Test Level: TL-1

Test Details: 4,412-Ib pickup truck, 31.8 mph, 25.2 degrees
Deck Type: Longitudinal, Glulam Timber Deck

System Material: Steel Rail and Posts

Research Sponsor: USDA — FS — FPL

Research/Test Agency: MWRSF — UNL

Guardrall boit
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Figure 28. Semi-Rigid, Top-Mounted, W-Beam Bridge Railing
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3.17 W-Beam Bridge Rail [36]

Test Specification: AASHTO MASH 2009 [3]
Test Level: Test Level 3 (TL-3)
Test Details: Not Tested

Deck Type: Transverse, Glulam Timber Deck
System Material: Steel Rail and Posts

Research Sponsor: Roadside Safety Research Program Pooled Fund

Research/Test Agency: TTI
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Figure 29. Schematics of W-Beam Bridge Rail (No Photographs Available)
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3.18 Timber Bridge Rail System 111 [23, 24]

Test Specification: AASHTO Guide Specifications for Bridge Railings (1989) [2]

Performance Level: PL-1

Test Details: 1,800-Ib car, 51.0 mph, 20.4 degrees; 5,400-1b pickup truck, 47.0 mph, 20.5 degrees
Deck Type: Transverse, Glulam Timber Deck

System Material: Steel Rail with Sawn Timber Posts

Research Sponsor: USDOT — FHWA — Office of Engineering and Highway Operations
Research/Test Agency: CFC — WVU and TTI
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Figure 30. Schematic of Timber Bridge Rail System Il (No Photographs Available)

Note: This bridge railing was developed for use with the Timber Bridge Rail System Il Transition
found in Section 4.10 of this report.
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3.19 “Steel System”/Steel Thrie Beam Bridge Railing [7, 9, 11, 16-22]

Test Specification: AASHTO Guide Specifications for Bridge Railings (1989) [2]
Performance Level: PL-1

Test Details: 5,600-Ib pickup truck, 44.2 mph, 19.1 degrees

Deck Type: Longitudinal, Glulam Timber Deck

System Material: Steel Rail and Posts

Research Sponsor: USDA — FS — FPL

Research/Test Agency: MWRSF — UNL

3
YA

1075 &lrChT AT AT AT AT AT AT AT

48"
Figure 31. Schematic of "Steel System™ Bridge Railing

Figure 32. "Steel System™ Bridge Railing

Note: This bridge railing was developed for use with the “Steel System” Transition found in
Section 4.11 of this report.
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3.20 Steel Thrie Beam with Structural Channel Bridge Railing (TBC-8000)
[7,9, 11, 20-22, 30, 37]

Test Specification: AASHTO Guide Specifications for Bridge Railings (1989) [2]
Performance Level: PL-2

Test Details: 18,001-1b single-unit truck, 47.4 mph, 16.1 degrees

Deck Type: Longitudinal, Glulam Timber Deck

System Material: Steel Rail and Posts

Research Sponsor: USDA — FS — FPL

Research/Test Agency: MWRSF — UNL

Chonnel Connection Steel chonnel

5/8 in. 8 button heod
bolts with recessed
nuts (2)

33-1/4"

—5/8 in. ® x 2 in. hex
bolts (4 per post)

2" weoring surfoce

RENLEAREENE AR RN AR AR

[ I’i A ___l
46 in. min. 1 in. @ ASTM A722

steel bor (2 per post)

Figure 33. Schematic of TBC-8000 Bridge Railing

Figure 34. TBC-8000 Bridge Railing

Note: This bridge railing was developed for use with the TBC-8000/Standard W-Beam Guardrail
Transition found in Section 4.12 of this report.
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3.21 Steel Thrie Beam with Structural Channel Bridge Railing [25, 26]

Test Specification: NCHRP Report No. 350 [1]

Test Level: TL-2

Test Details: 4,434-Ib pickup truck, 41.4 mph, 25.6 degrees
Deck Type: Transverse, Glulam Timber Deck

System Material: Steel Rail and Posts

Research Sponsor: USDA — FS — FPL

Research/Test Agency: MWRSF — UNL

| _V@ﬂ

32" 31.65"

21.65"

Post
@IB Bottom

2 |— Washer

i o W P
1T
5 1/8
|
ke

/
i

:

|
!
Figure 36. Steel Thrie Beam with Structural Channel Bridge Railing

Note: This bridge railing was developed for use with the Steel Thrie Beam with Structural Channel
Bridge Railing/Standard W-Beam Guardrail Transition found in Section 4.13 of this report.
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3.22 Steel Thrie Beam with Structural Channel Bridge Railing [38, 39]

Test Specification: NCHRP Report No. 350 [1]

Test Level: TL-2

Test Details: Dynamic Component Testing Only
Deck Type: Transverse, Nail-Laminated Timber Deck
System Material: Steel Rail and Posts

Research Sponsor: WVDOT

Research/Test Agency: MWRSF — UNL

513/16
— > B4
o i
[812] 5[8%]0
| ¢ | 3 13/16
21 5/8 [971
[550] #
[25]
oy S, DR
i R
[51] 1

5 1/8" _|
[130] - -
[127] [152]

Figure 37. Schematic of Steel Thrie Beam with Structural Channel Bridge Railing

Figure 38. Steel Thrie Beam with Structural Channel Bridge Railing
(Adapted from original system on Transverse, Glulam Timber Bridge Deck, and only
subjected to dynamic component testing)
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3.23 Steel Thrie Beam with Structural Tube Bridge Railing [9-11, 32, 33, 40]

Test Specification: NCHRP Report No. 350 [1]
Test Level: TL-4

Test Details: 4,496-1b pickup truck, 58.2 mph, 25.5 degrees; 18,975-Ib single-unit truck, 47.5
mph, 14.6 degrees

Deck Type: Transverse, Glulam Timber Deck
System Material: Steel Rail and Posts
Research Sponsor: USDA — FS — FPL
Research/Test Agency: MWRSF — UNL

5/8" Button Heod Bolts (4)
TS 8"x3"%x3/16™ ASTM AS00 Grode B
| __—5/8" Hex Heod Bons (2)
P Mounting Angle (2)

WOx15 AS6 Steel Blockout

/“\5“‘“ Post

(ﬂmwmm(z)
Post Plate Washer

|—— 3/4"9 A325 Heox Heod Bolts (2)

Botiom Plate Assembly- 1/4° A38 Post stffener (6)

Figure 39. Schematic of Steel Thrie Beam with Structural Tube Bridge Railing

Figure 40. Steel Thrie Beam with Structural Tube Bridge Railing

Note: This bridge railing was developed for use with the Steel Thrie Beam with Structural Tube Bridge
Railing/Standard W-Beam Guardrail Transition found in Section 4.14 of this report.
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3.24 Glacier Removable Rail [41]

Test Specification: NCHRP Report No. 350 [1]
Test Level: TL-1
Test Details: 1,843-Ib car, 31.6 mph, 19.4 degrees; 4,409-1b pickup truck, 32.1 mph, 24.7 degrees
Deck Type: Concrete Deck
System Material: Timber Rail with Steel Posts
Research Sponsor: USDOT — FHWA — Office of Safety and Traffic Operations
Research/Test Agency: TTI
ST, 5 TN

STAINLESS STEEL—
RAIL CONNECTION FIN

254 X 10L 6 ANGLE—~_/”
C10* x 4% 7/(_\\‘\
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LIFTING HOLE—~" —
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= )
3/47-16UNF-2A ¥ 3° LG 7 <098 e
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Figure 42. Glacier Removable Rail
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3.25 Glacier Log Removable Rail [41]

Test Specification: NCHRP Report No. 350 [1]

Test Level: TL-1

Test Details: 1,808-1b car, 31.6 mph, 20.9 degrees; 4,519-Ib pickup truck, 31.7 mph, 26.1 degrees
Deck Type: Concrete Deck

System Material: Timber Rail with Steel Posts

Research Sponsor: USDOT — FHWA — Office of Safety and Traffic Operations

Research/Test Agency: TTI

Log raoil
3/4* [19] die. one-piece shaft collar

Stoinless steel roil connection pin

24" [610] Lifting hole

Guardrail post
18" [457]1=
Minor hot PR
3/4* dia. Backup plote
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elevation concrete 1% [25]—w] | 1 [25] 16UNF-24 X 37 [76] lg
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27" [686]1——= 4 reqdh
cleg 7 . 13 e 1* [25] BUNC-24 x 2 1/4[57] lg.
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n ® Py - 1171 T "
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Roodwoy sggregete — 197 [3801) @ .= _/ Bottam clamp plate
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Figure 43. Schematic of Glacier Log Removable Rail

Figure 44. Glacier Log Removable Rail
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3.26 Tubular Steel-Backed Timber Bridge Rail [41]

Test Specification: NCHRP Report No. 350 [1]

Test Level: TL-3

Test Details: 4,597-Ib pickup truck, 61.9 mph, 25.5 degrees

Deck Type: Concrete Deck

System Material: Timber Rail with Steel Posts

Research Sponsor: USDOT — FHWA — Office of Safety and Traffic Operations
Research/Test Agency: TTI

%" @ hex bolt w/
2 hardened steel
washers and hex nut -<::
=

27"

BV/SAY/SE

Figure 46. Tubular Steel-Backed Timber Bridge Rail

Note: This bridge railing was developed for use with the Tubular Steel-Backed Timber Bridge Rail
Transition found in Section 4.15 of this report.
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4 GUARDRAIL TO BRIDGE RAILING TRANSITIONS AND END TREATMENTS

4.1 Introduction

Section 4 contains an overview of 14 approach guardrail transitions or end treatments for
use with some bridge railings previously depicted in Section 3.

4.2 Low-Height, Curb-Type, Glulam Bridge Railing End Treatment [14, 15]

Test Specification: AASHTO MASH 2009 [3]

Test Level: TL-1

Test Details: Not Tested

Deck Type: Transverse, Nail-Laminated Timber Deck

System Materials: Glulam Timber Rail with Sawn Timber Scuppers
Research Sponsor: WVDOT

Research/Test Agency: MwWRSF — UNL

fo—— 10'-0"

9'-11 9/16" —f
= 2

| et

T3 T4 L___.___7

Figure 48. Low-Height, Curb-Type, Glulam Bridge Railing End Treatment

Note: This transition was developed for use with the Low-Height, Curb-Type, Glulam Bridge Railing
found in Section 3.4 of this report. No crash testing was performed on this end treatment. Crash
testing would need to be performed under AASHTO MASH TL-1 criteria in order to receive
an FHWA eligibility letter.
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4.3 “Shoe Box System” Transition [18, 22]

Test Specification: NCHRP Report No. 230 [42]
Test Level: Multiple Service Level 1 (MSL-1)

Test Details: 4,430-Ib sedan, 60.2 mph, 15.0 degrees
Deck Type: Longitudinal, Glulam Timber Deck
System Material: Steel Rail to Timber Rail Transition
Research Sponsor: USDA — FS — FPL

Research/Test Agency: MWRSF — UNL
—23250—~] 4 1—1/2‘-’2—0‘t 3 1—1/e'|-—6'-3' i 6'-3° [ e
s B 8 E N 7oe

6-3/4 x 13-1/2 in.

glulari bridge o Thrie beam terminal connector

W—beam/thrie beam transition W-beamn r27"
T=1 T o1 i Extend approach guardrail
=1 =1 T and provide crashworthy
end terminal to meet
site specific requirements.
{ PR IR R D RS f
|
[
Deck-/ L i H
Abutment—"] i
v [
v I I
8 x 8 x 78 in. timber post Wi(hJ [B x 8 x 78 in. timber post with LB x B x 72 in. timber posts with
8 x 8 x 22—-1/2 in. spacer block 8 x 8 x 18 in. spacer block 8 x 8 x 14 in. spacer blocks

Figure 49. Schematic of "Shoe Box System" Transition

Figure 50. "Shoe Box System" Transition

Note: This transition was developed for use with the “Shoe Box System” Bridge Railing found in
Section 3.5 of this report.
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4.4 Timber Bridge Rail System | Transition [23, 24]

Test Specification: AASHTO Guide Specifications for Bridge Railings (1989) [2]
Performance Level: PL-1

Test Details: Not Tested

Deck Type: Transverse, Glulam Timber Deck

System Material: Continuous Timber Rail Transition

Research Sponsor: USDOT — FHWA — Office of Engineering and Highway Operations
Research/Test Agency: CFC — WVU and TTI

A
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Figure 51. Schematic of Timber Bridge Rail System I Transition (No Photographs Available)

Note: This transition was developed for use with the Timber Bridge Rail System | found in Section
3.6 of this report. No crash testing was performed on this transition.
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4.5 Glulam Timber Bridge Railing/Nested W-Beam Guardrail Transition [25, 26]

Test Specification: NCHRP Report No. 350 [1]

Test Level: TL-2

Test Details: 4,433-Ib pickup truck, 44.5 mph, 26.3 degrees
Deck Type: Transverse, Glulam Timber Deck

System Material: Steel Rail to Timber Rail Transition
Research Sponsor: USDA — FS — FPL

Research/Test Agency: MWRSF — UNL

W-Beam
quardrail
2 nested W—Beom gquardrail sec

tion
I 72" 48" | sections (12 gouge) (12 gauge)
i 4 spaces ©® 37.5" = 12' 6" 2 spaces
385 ©® 375"
=6 3
I = il il i
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| 2 3 4 S 6 7
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W-Beam con—
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6' 3" post
spacing. W6xS
steel posts 72"
long w/ 6"x8%
14.5" routed
wood blocks

TN 055 | 1 ORI 114355 o
() i3

W6x9 steel posts 84" Ionqj W6x9 steel posts 78" Ioan
w/ 6"x8"x14.5" routed wood blocks w/ 6"xB"x14.5" routed wood blocks

Figure 52. Schematic of Glulam Timber Bridge Railing/Nested W-Beam Guardrail Transition

Figure 53. Glulam Timber Bridge Railing/Nested W-Beam Guardrail Transition

Note: This transition was developed for use with the Glulam Timber Bridge Railing found in Section
3.7 of this report.

35



July 15, 2020
MwRSF Report No. TRP-03-429-20-R1

4.6 “Curb System” Transition [18, 22]

Test Specification: AASHTO Guide Specifications for Bridge Railings (1989) [2]
Test Level: PL-1

Test Details: Not Tested

Deck Type: Longitudinal, Glulam Timber Deck

System Material: Steel Rail to Timber Rail Transition

Research Sponsor: USDA — FS — FPL

Research/Test Agency: MWRSF — UNL

6" 3"—~|4’ 1-1/24~4 at 18-3/4" |~—4 spaces at 3’ I- 1/2'4.‘
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I :::i‘_r.“#
. H Extend approach guardrail

L and provide crashworthy
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i
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8 x 2
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8 x B x 72 in. timber posts with
8 x 11-1/2 x 22-1/2 in. spacer blocks 8 x 2—1/2 in. spacer blocks

Figure 54. Schematic of "Curb System™ Transition

Figure 55. "Curb System" Transition

Note: This transition was configured for anchoring the “Curb System” Bridge Railing found in
Section 3.10 of this report. No crash testing was performed on this transition. The schematic
shown was developed after testing to be similar to the GC-8000 Bridge Railing/Standard W-
Beam Guardrail Transition (Section 4.8).
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4.7 Timber Bridge Rail System Il Transition [23, 24]

Test Specification: AASHTO Guide Specifications for Bridge Railings (1989) [2]
Performance Level: PL-1

Test Details: 5,400-Ib pickup truck, 44.8 mph, 18.0 degrees

Deck Type: Transverse, Glulam Timber Deck

System Material: Continuous Timber Rail Transition

Research Sponsor: USDOT — FHWA — Office of Engineering and Highway Operations
Research/Test Agency: CFC — WVU and TTI
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Figure 56. Schematic of Timber Bridge Rail System Il Transition (No Photographs Available)

Note: This transition was developed for use with the Timber Bridge Rail System Il found in Section
3.11 of this report.
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4.8 GC-8000 Bridge Railing/Standard W-Beam Guardrail Transition [22, 30, 31]

Test Specification: NCHRP Report No. 230 [42]
Test Level: Multiple Service Level 2 (MSL-2)

Test Details: 4,506-Ib sedan, 62.4 mph, 24.8 degrees
Deck Type: Longitudinal, Glulam Timber Deck
System Material: Steel Rail to Timber Rail Transition
Research Sponsor: USDA — FS — FPL

Research/Test Agency: MWRSF — UNL
p——6' - ————¢ 1-1/2'—-!——4 at 15—3/4'—-’—-—4 spaces ot 3' 1-1/2"
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Figure 57. Schematic of GC-8000 Bridge Railing/Standard W-Beam Guardrail Transition

Figure 58. GC-8000 Bridge Railing/Standard W-Beam Guardrail Transition

Note: This transition was developed for use with the Glulam Timber Rail with Curb Bridge Railing
(GC-8000) found in Section 3.12 of this report.
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4.9 Glulam Timber Rail with Curb Bridge Railing/Standard W-Beam Guardrail
Transition [32, 33]

Test Specification: NCHRP Report No. 350 [1]
Test Level: TL-4

Test Details: 4,473-1b pickup truck, 65.2 mph, 26.4 degrees; 17,644-lb single-unit truck, 51.3
mph, 13.7 degrees

Deck Type: Transverse, Glulam Timber Deck

System Material: Steel Rail to Timber Rail Transition
Research Sponsor: USDA — FS — FPL
Research/Test Agency: MWRSF — UNL
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B R R
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Figure 59. Schematic of Glulam Timber Rail with Curb Bridge Railing/Standard W-Beam
Guardrail Transition

Figure 60. Glulam Timber Rail with Curb Bridge Railing/Standard W-Beam Guardrail
Transition

Note: This transition was developed for use with the Glulam Timber Rail with Curb Bridge Railing
found in Section 3.13 of this report.
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4.10 Timber Bridge Rail System I11 Transition [23, 24]

Test Specification: AASHTO Guide Specifications for Bridge Railings (1989) [2]
Performance Level: PL-1

Test Details: Not Tested

Deck Type: Transverse, Glulam Timber Deck

System Material: Continuous Steel Rail Transition

Research Sponsor: USDOT — FHWA — Office of Engineering and Highway Operations
Research/Test Agency: CFC — WVU and TTI
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Figure 61. Schematic of Timber Bridge Rail System Il Transition (No Photographs Available)

Note: This transition was developed for use with the Timber Bridge Rail System 111 found in Section
3.18 of this report. No crash testing was performed on this transition.
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4.11 “Steel System” Transition [18, 22]

Test Specification: AASHTO Guide Specifications for Bridge Railings (1989) [2]
Test Level: PL-1

Test Details: Not Tested

Deck Type: Longitudinal, Glulam Timber Deck

System Material: Continuous Steel Rail Transition

Research Sponsor: USDA — FS — FPL

Research/Test Agency: MWRSF — UNL
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Figure 62. Schematic of "Steel System™ Transition (No Photographs Available)

Note: This transition was configured for anchoring the “Steel System” Bridge Railing found in
Section 3.19 of this report. No crash testing was performed on this transition.

41



July 15, 2020
MwRSF Report No. TRP-03-429-20-R1

4.12 TBC-8000 Bridge Railing/Standard W-Beam Guardrail Transition [22, 30, 37]

Test Specification: AASHTO Guide Specifications for Bridge Railings (1989) [2]
Performance Level: PL-2

Test Details: Not Tested

Deck Type: Longitudinal, Glulam Timber Deck

System Material: Continuous Steel Rail Transition

Research Sponsor: USDA — FS — FPL

Research/Test Agency: MWRSF — UNL

Type D chonnel

Type B chonnel-\ Type C chonne! Type E channel
prfpet I 3 3 I

Post 1 Post 2~/ 10 gouge thrie beom
Spocer 1 Spocer 2 " =
/-Vl-beom/thnc beom tronsition

.l-—s-—s'———-.l-c 1-1/2'—-.|-——4 at 3 1-1/2" 6'-3" /

=1 3 -

e -

= T c O |

ol

g 5@ 2 ® Extend opproach guardrail
F ond provide crashworthy
end terminal to meet
site specific requirements.
W6x15 x 84 in. ;teel posts with: T T T T T J
W6x15 x 22-1/8" steel spacers W6x9 x 78 in. steel post with
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Figure 63. Schematic of TBC-8000 Bridge Railing/Standard W-Beam Guardrail Transition

Figure 64. TBC-8000 Bridge Railing/Standard W-Beam Guardrail Transition

Note: This transition was developed for use with the Steel Thrie Beam with Structural Channel Bridge
Railing (TBC-8000) found in Section 3.20 of this report. No crash testing was performed on
this transition.
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4.13 Steel Thrie Beam with Structural Channel Bridge Railing/Standard W-Beam
Guardrail Transition [25, 26, 38]

Test Specification: NCHRP Report No. 350 [1]

Test Level: TL-2

Test Details: 4,486-Ib pickup truck, 43.4 mph, 25.8 degrees

Deck Type: Transverse, Glulam Timber Deck or Transverse, Nail-Laminated Timber Deck
System Material: Continuous Steel Rail Transition

Research Sponsor: USDA — FS — FPL

Research/Test Agency: MWRSF — UNL
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Figure 65. Schematic of Steel Thrie Beam with Structural Channel Bridge Railing/Standard W-
Beam Guardrail Transition

Figure 66. Steel Thrie Beam with Structural Channel Bridge Railing/Standard W-Beam
Guardrail Transition

Note: This transition was developed for use with the Steel Thrie Beam with Structural Channel Bridge
Railing found in Sections 3.21 and 3.22 of this report.
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4.14 Steel Thrie Beam with Structural Tube Bridge Railing/Standard W-Beam Guardrail
Transition [32, 33]

Test/Performance Level: NCHRP Report No. 350 [1]
Test Level: TL-4

Test Details: 4,403-1b pickup truck, 62.8 mph, 25.6 degrees; 17,650-1b single-unit truck, 50.8
mph, 15.2 degrees

Deck Type: Transverse, Glulam Timber Deck
System Material: Continuous Steel Rail Transition
Research Sponsor: USDA — FS — FPL
Research/Test Agency: MWRSF — UNL
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Figure 67. Schematic of Steel Thrie Beam with Structural Tube Bridge Railing/Standard W-
Beam Guardrail Transition

Figure 68. Steel Thrie Beam with Structural Tube Bridge Railing/Standard W-Beam Guardrail
Transition

Note: This transition was developed for use with the Steel Thrie Beam with Structural Tube Bridge
Railing found in Section 3.23 of this report.
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4.15 Tubular Steel-Backed Timber Bridge Rail Transition [41]

Test Specification: NCHRP Report No. 350 [1]

Test Level: TL-3

Test Details: 4,572-Ib pickup truck, 61.8 mph, 24.7 degrees

Deck Type: Concrete Bridge Deck

System Material: Continuous Steel-Backed Timber Rail Transition

Research Sponsor: USDOT — FHWA — Office of Safety and Traffic Operations
Research/Test Agency: TTI
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Figure 69. Schematic of Tubular Steel-Backed Timber Bridge Rail Transition

Figure 70. Tubular Steel-Backed Timber Bridge Rail Transition

Note: This transition was developed for use with the Tubular Steel-Backed Timber Bridge Rail found

in Section 3.26 of this report
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5 EXAMPLES OF BRIDGE RAILING SYSTEMS FOR WOOD BRIDGES
5.1 Introduction

The following sections provide visual, real-world examples of pertinent timber bridge
railings and/or railing for timber deck bridges that are used across the United States.

5.2 Alamco Wood Products, LLC

Figure 71. Bridge Railing from Alamco Wood Products, LLC

5.3 Laminated Concepts Inc.

Figure 72. Bridge Railings from Laminated Concepts Inc.
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Figure 73. Bridge Railings from Laminated Concepts Inc.
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Figure 74. Bridge Railings from Laminated Concepts Inc.
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5.4 Western Wood Structures

Figure 75. Bridge Railings from Western Wood Structures

49



July 15, 2020
MwRSF Report No. TRP-03-429-20-R1

5.5 Wheeler Lumber, LLC

Figure 76. Bridge Railings from Wheeler Lumber, LLC
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Figure 77. Bridge Railing from Sweden [43]
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5.7 Other Implemented Bridge Railings

Figure 78. Other Implemented Bridge Railings
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Figure 79. Other Implemented Bridge Railings
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Figure 80. Other Implemented Bridge Railings
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Figure 81. Other Implemented Bridge Railings
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6 SURVEY

6.1 Overview

The survey was utilized to: (1) identify commonly-used bridge railing systems for wood
bridges; (2) uncover any other ideas for bridge railing systems to be developed to meet current
AASHTO MASH impact safety criteria; (3) identify any special conditions for consideration when
developing approach guardrail transitions or bridge rail terminations to accompany these bridge
railings; and (4) help researchers and government agencies select systems for future development,
testing, and evaluation under current AASHTO MASH impact safety criteria [4].

The successful completion of the survey was expected to benefit participating groups and
organizations by allowing their bridge railing systems and needs to be considered within the Phase
| project. Further, the noted systems may potentially be selected for further research, development,
testing, and evaluation under the MASH safety performance guidelines, thus possibly lowering the
research and development costs for other groups and stakeholders.

In total, the survey was sent to 78 different groups or organizations. Of the 78 groups, two
were technical committees from AASHTO, six were offices and teams from FHWA, and one was
a group within the United States Bureau of Reclamation (USBR). Another ten groups were from
the USDA-FS, nine of which were engineering departments from distinct regions across the
country. The next eight groups were the consulting groups mentioned in Section 2 of this report,
and the last 51 groups were State Departments of Transportation, including the Washington, D.C.
DOT. The two AASHTO technical committees also comprised representatives from many of the
state DOTSs.

A copy of the survey can be found in Appendix A. The survey consisted of five main
questions. After giving instructions and asking the user to enter their contact information, the first
question asked the user to provide information on bridge railing systems that are currently installed
on wood bridges. Consultants were asked to include bridge railing systems that they had designed,
constructed, or recommended for use in the field. Government agencies were to include bridge
railing systems that they own or manage. The question specifically requested the system name, a
brief description, the deck types on which it had been installed, and whether or not it had been
previously crash-tested. At the end of the question, the respondent was also asked to estimate the
percentage of installed systems for each type. The second question asked the user whether they
would like any of the bridge railing systems entered in the first question to be updated to current
MASH standards. If they would like a system to be updated, the question asked which test level
or levels were desired. For the third question, an attached document presented general schematics
and photographs of the six different families of bridge rail systems that were identified and
proposed for updating, as obtained from the initial literature review. This attachment is provided
in Appendix A, immediately following the survey. With the attachment, the user was asked if they
would like to have an updated version of each of these families of bridge railings to be developed.
If they responded yes to a certain system type, they were then asked to provide the desired bridge
deck types and test level or levels. The fourth question asked for any information regarding new
systems that could be developed, or deviations or modifications that the user would like to see
implemented when updating previous designs. The final question provided space for the user to
enter any special site conditions, transitions, or termination features that they would like to have
considered in new or updated systems.
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6.2 Analysis of Survey Response

The research team received and compiled data from 36 completed survey responses out of
a total of 78 distributed surveys. More specifically, the research team received: (1) 2 responses out
of 2 surveys sent to AASHTO technical committees; (2) 1 response out of 6 surveys sent to FHWA
offices and teams; (3) 1 response from the single survey sent to the USBR group; (4) 1 response
out of 10 surveys sent to USDA-FS groups; (5) 4 responses out of 8 surveys sent to consulting
groups; and (6) 29 responses out of 51 surveys sent to state DOTSs. It should be noted that although
two responses were recorded for the AASHTO groups, the respondents from these groups
responded in relation to the state DOT in which they were employed. For this reason, their
responses were counted both as an AASHTO response and a state DOT response above, leading
to a sum of 38 responding groups but only 36 completed surveys.

The data from all 36 completed surveys were combined and analyzed to help the research
team better understand the types of bridge railing systems that are currently used, as well as those
systems that were desired to be updated. The provided information was examined on a question
by question basis and compiled into tables.

Overall, 9 of the 36 respondents indicated that their group or agency does not currently use
any bridge railing systems for wood bridges and that they do not desire to develop bridge railing
systems for wood bridges. Another 2 of the 36 respondents provided information on systems that
are currently used, but they did not request any systems to be updated or developed to meet current
MASH standards. The last 25 responses all either provided information about bridge railings that
are currently used and requested some system types to be updated or newly developed, or they
simply requested systems to be developed through Question 3 of the survey. From the 25 survey
respondents that requested updates or new developments, 9 requested a Low-Height, Curb-Type
Bridge Railing, 10 requested a Timber Railing without Curb Bridge Railing, 18 requested a Timber
Railing with Curb Bridge Railing, 12 requested a W-Beam Bridge Railing, 11 requested a Thrie
Beam Bridge Railing, 9 requested a Steel-Backed Timber Bridge Railing, and 1 requested updates
to a system that did not fall into any of the noted bridge railing families. As shown in Table 1, this
data was further separated by the number of groups requesting each system type to be (1) updated
in response to Question 2 or (2) newly developed in response to Question 3.
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Table 1. Summary of Respondent Requests

Requests by Bridge Railing Type

Low- Timber Timber Thrie Steel-
Category Height, Railing Railing | W-Beam Beam Backed Other
Curb-Type | without with Rail Rail Timber Rail
Rail Curb Curb Rail
Number of
Requesting 9 10 18 12 11 9 1
Groups
Requests | ot g 00f10 | 130f18 | 20f12 | 10of1l | 0of9 | 1ofl
to Update
Requests
to 90f9 100f10 | 180f18 | 120f12 | 110f11 90f9 NA
Develop™

* — Requests to update a system type were gathered in response to Question 2 of survey.
** _ Requests to develop a system type were gathered in response to Question 3 of survey.
NA — Not Applicable

From the collected surveys, information on 52 currently-used systems was acquired in
response to Question 1. Of these 52 systems, 29 systems were also requested to be updated through
Question 2. The information about each of these systems can be found in Tables B-1 through B-
10 of Appendix B. For the 29 systems that were requested to be updated, two groups requested
three Low-Height, Curb-Type Bridge Railing Systems, 13 groups requested 21 Timber Railing
with Curb Bridge Railing Systems, two groups requested two W-Beam Bridge Railing System,
one group requested two Thrie Beam Bridge Railing Systems, and one group requested a system
that comprised box beam members that did not fit into any of the other bridge railing families. As
shown in Table B-7, the USBR responded to Question 1 of the survey stating that they are a
decentralized agency that does not keep an inventory of the railing systems on their bridges. The
USBR, which maintains or owns nearly 1,500 public and private bridges across the United States,
uses a wide variety of systems with differing materials, characteristics, and dimensions. Most of
the bridge railing systems that are in use on their bridges have not been evaluated or crash-tested
to meet a crashworthiness standard. The USBR expressed great support for the development of
bridge railing systems that could be used on their bridges going forward, specifically those systems
that will meet AASHTO MASH TL-1 and TL-2 impact safety standards [4].

Respondents also had the opportunity to request the development of new systems within
the 6 families of bridge railings that were presented in the document attached to the third question
of the survey. This question further clarified the wants and needs of the groups and organizations
that completed the survey by allowing them to express interest in a certain system type, even if it
was not currently used. As shown in Table 1, 9 groups requested development of a Low-Height,
Curb-Type System, 10 groups requested development of a Timber Railing without Curb System,
18 groups requested development of a Timber Railing with Curb System, 12 groups requested
development of a W-Beam System, 11 groups requested development of a Thrie Beam System,
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and 9 groups requested development of a Steel-Backed Timber System. The information provided
with these requests is provided in greater detail in Tables B-11 through B-16 of Appendix B.

Through the process of collecting and compiling the data from Questions 1 and 2, follow-
up contact was made with the Delaware DOT to clarify an answer provided about a bridge railing
system that is currently used. From the information provided in the survey, it was unclear if the
railing was part of the Timber Railing without Curb or Timber Railing with Curb System family.
In order to accurately account for this railing system in the data, follow-up contact was made, and
the research team was provided with an explanation and a drawing set. The drawing set is provided
in Figures C-1 through C-3 of Appendix C. This drawing set has been included herein to serve as
an example of the modifications that different groups have made to bridge railing systems for wood
bridges. The State of Delaware has implemented a Timber Railing with Curb System similar to
what was tested in the past, but they added their own modifications to allow its use with a steel-
backed timber transition and guardrail system. These modifications include special transition
features that allow for the bridge railing and guardrail systems to connect to one another even with
a height difference, as well as a termination feature for the curb portion of the system, and a
termination feature for the transition/guardrail system. This drawing set provided the research team
with valuable information that will be key in making decisions for future system development in
the subsequent research stages of the research project.

The data from Questions 1 and 2 was further analyzed to collect information on the test
levels and deck types that are often used and which were requested for updating and development
for each railing system. Tables 2 through 13 show this information.

Tables 2 and 3 show the data collected in relation to Low-Height, Curb-Type Systems. It
is evident that not many groups currently use systems from this family, but there is enough support
to make the development of a Low-Height, Curb-Type System a priority, specifically to meet
AASHTO MASH TL-1 or TL-2 standards. In terms of the deck types for which a Low-Height,
Curb-Type System should be developed, the requests varied greatly.

Table 2. Test Level Requests for a Low-Height, Curb-Type System

Test Requests

Level Update* Develop** Total
TL-1 2 3 5
TL-2 1 5 6
TL-3 0 2 2
TL-4 0 1 1
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* — Requests to update a system type were gathered in response to Question 2 of the survey.
** _ Requests to develop a system type were gathered in response to Question 3 of the survey.




July 15, 2020

MwRSF Report No. TRP-03-429-20-R1

Table 3. Deck Type Requests for a Low-Height, Curb-Type System

Deck Requests
Type Update* Develop** Total
LG 1 4 5
LN 1 3 4
LSp 1 4 5
LSt 0 3 3
TG 1 4 5
TN 2 4 6
Concrete 0 1 1
Other 1 1 2

* — Requests to update a system type were gathered in response to Question 2 of the survey.
** _ Requests to develop a system type were gathered in response to Question 3 of the survey.
LG — Longitudinal, Glulam Timber

LN — Longitudinal, Nail-Laminated Timber

LSp — Longitudinal, Spike-Laminated Timber

LSt — Longitudinal, Stress-Laminated Timber

TG — Transverse, Glulam Timber

TN — Transverse, Nail-Laminated Timber

Tables 4 and 5 show the data collected in relation to Timber Railing without Curb Systems.
Similar to the data shown in Tables 2 and 3 for Low-Height, Curb-Type Systems, Timber Railing
without Curb Systems are currently not well represented in the field, but many groups would like
an option to install. For this reason, the research team has identified priorities to develop such a
system at TL-2, TL-3, and TL-4. Again, the number of requests for each deck type were relatively
similar.

Table 4. Test Level Requests for a Timber Railing without Curb System

Test Requests

Level Update* Develop** Total
TL-1 0 4 4
TL-2 0 4 4
TL-3 0 4 4
TL-4 0 3 3
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* — Requests to update a system type were gathered in response to Question 2 of the survey.
** _ Requests to develop a system type were gathered in response to Question 3 of the survey.
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Table 5. Deck Type Requests for a Timber Railing without Curb System

Deck Requests
Type Update* Develop** Total
LG 0 6 6
LN 0 4 4
LSp 0 5 5
LSt 0 5 5
TG 0 6 6
TN 0 5 5
Concrete 0 2 2
Other 0 1 1

* — Requests to update a system type were gathered in response to Question 2 of the survey.
** _ Requests to develop a system type were gathered in response to Question 3 of the survey.
LG — Longitudinal, Glulam Timber

LN — Longitudinal, Nail-Laminated Timber

LSp — Longitudinal, Spike-Laminated Timber

LSt — Longitudinal, Stress-Laminated Timber

TG — Transverse, Glulam Timber

TN — Transverse, Nail-Laminated Timber

Tables 6 and 7 show the data gathered in regards to Timber Railing with Curb Systems.
This type of bridge railing system was the most commonly-used system, and it was also widely
requested for further development. Because of the number of requests, this system was selected as
a top priority for development going forward. There were a significant number of requests for
systems at TL-2, TL-3, and TL-4. Consideration for each test level will be given in the Phase |
priority list. Transverse and longitudinal glulam timber decks were the two most-requested deck
types for this type of railing system.

Table 6. Test Level Requests for a Timber Railing with Curb System

Test Requests

Level Update* Develop** Total
TL-1 2 2 4
TL-2 9 10 19
TL-3 6 6 12
TL-4 12 6 18

* — Requests to update a system type were gathered in response to Question 2 of the survey.
** _ Requests to develop a system type were gathered in response to Question 3 of the survey.
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Table 7. Deck Type Requests for a Timber Railing with Curb System

Deck Requests
Type Update* Develop** Total
LG 7 9 16
LN 2 6 8
LSp 5 7 12
LSt 2 6 8
TG 9 9 18
TN 5 6 11
Concrete 6 5 11
Other 1 3 4

* — Requests to update a system type were gathered in response to Question 2 of the survey.
** _ Requests to develop a system type were gathered in response to Question 3 of the survey.
LG — Longitudinal, Glulam Timber

LN — Longitudinal, Nail-Laminated Timber

LSp — Longitudinal, Spike-Laminated Timber

LSt — Longitudinal, Stress-Laminated Timber

TG — Transverse, Glulam Timber

TN — Transverse, Nail-Laminated Timber

Tables 8 and 9 show the data collected in relation to W-Beam Systems. Much like the first
two families of bridge railing systems that were discussed, W-Beam Bridge Railing Systems have
not been widely used. However, there was significant interest in the development of a W-Beam
Bridge Railing System, especially due to the wide use of W-Beam Guardrail Systems. Consistent
with many guardrail systems, TL-2 and TL-3 configurations were most commonly requested for
development. This railing system was most often requested for use on longitudinal, glue-laminated
or transverse, nail-laminated timber decks.

Table 8. Test Level Requests for a W-Beam System

Test Requests

Level Update* Develop** Total
TL-1 1 1 2
TL-2 2 6 8
TL-3 0 8 8
TL-4 1 0 1

62

* — Requests to update a system type were gathered in response to Question 2 of the survey.
** _ Requests to develop a system type were gathered in response to Question 3 of the survey.
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Deck Requests
Type Update* Develop** Total
LG 2 4 6
LN 1 3 4
LSp 1 3 4
LSt 0 4 4
TG 1 4 5
TN 2 5 7
Concrete 0 4 4
Other 1 1 2

* — Requests to update a system type were gathered in response to Question 2 of the survey.
** _ Requests to develop a system type were gathered in response to Question 3 of the survey.
LG — Longitudinal, Glulam Timber

LN — Longitudinal, Nail-Laminated Timber

LSp — Longitudinal, Spike-Laminated Timber

LSt — Longitudinal, Stress-Laminated Timber

TG — Transverse, Glulam Timber

TN — Transverse, Nail-Laminated Timber

Tables 10 and 11 show the data collected in relation to Thrie Beam Railing Systems. In the
past, multiple variations within this family of bridge railings have been developed, but they are not
widely used. There were multiple requests for a new system to be developed using a thrie beam
rail, especially to meet the AASHTO MASH TL-2 and TL-3 criteria. Respondents requested use
of this type of railing system on transverse, nail-laminated timber, or reinforced concrete decks.

Table 10. Test Level Requests for a Thrie Beam System

Test Requests

Level Update* Develop** Total
TL-1 0 3 3
TL-2 2 7 9
TL-3 2 5 7
TL-4 0 4 4
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* — Requests to update a system type were gathered in response to Question 2 of the survey.
** _ Requests to develop a system type were gathered in response to Question 3 of the survey.
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Deck Requests
Type Update* Develop** Total
LG 0 5 5
LN 0 4 4
LSp 0 3 3
LSt 0 3 3
TG 0 5 5
TN 0 7 7
Concrete 2 5 7
Other 1 0 1

* — Requests to update a system type were gathered in response to Question 2 of the survey.
** _ Requests to develop a system type were gathered in response to Question 3 of the survey.
LG — Longitudinal, Glulam Timber

LN — Longitudinal, Nail-Laminated Timber

LSp — Longitudinal, Spike-Laminated Timber

LSt — Longitudinal, Stress-Laminated Timber

TG — Transverse, Glulam Timber

TN — Transverse, Nail-Laminated Timber

Tables 12 and 13 show the data gathered in relation to Steel-Backed Timber Systems. No
responding groups denoted that this type of system is currently used, but many groups would like
to have this railing system developed. There was significant interest in having a Steel-Backed
Timber System for use at AASHTO MASH TL-2, TL-3, and TL-4. Longitudinal and transverse
glulam timber decks were the two most commonly-requested deck types for consideration in future
research and development.

Table 12. Test Level Requests for a Steel-Backed Timber System

Test Requests

Level Update* Develop** Total
TL-1 0 0 0
TL-2 0 4 4
TL-3 0 4 4
TL-4 0 5 5
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Table 13. Deck Type Requests for a Steel-Backed Timber System

Deck Requests
Type Update* Develop** Total
LG 0 7 7
LN 0 4 4
LSp 0 4 4
LSt 0 4 4
TG 0 6 6
TN 0 4 4
Concrete 0 2 2
Other 0 1 1

* — Requests to update a system type were gathered in response to Question 2 of the survey.
** _ Requests to develop a system type were gathered in response to Question 3 of the survey.

LG — Longitudinal, Glulam Timber LSt — Longitudinal, Stress-Laminated
LN — Longitudinal, Nail-Laminated Timber Timber
LSp — Longitudinal, Spike-Laminated TG — Transverse, Glulam Timber
Timber TN — Transverse, Nail-Laminated Timber

After inquiring about currently-used bridge railing systems as well as their desire to update
currently-used systems in Questions 1 through 3, Question 4 of the survey asked respondents to
provide details for any new bridge railing systems that could be developed for use on wood bridges,
or to provide information on any modifications or deviations that should be considered with current
railing systems. From this question, only one group responded with information for a new bridge
railing system. The exact response is provided in Table 14. The respondent desired a railing system
that is tested to meet MASH TL-3 criteria instead of MASH TL-4 criteria in order to reduce total
system cost since timber systems are most commonly installed on roads with relatively low traffic
volumes. These roads typically do not carry much large truck traffic, which is the main
consideration in using a MASH TL-4 bridge railing instead of a MASH TL-3 bridge railing.

Table 14. Question 4-1 Summary: New Bridge Railing System Responses

Respondent | Respondent - Test
Type Group System # System Description Deck Type(s) Level
Industry Wheeler TL-3 instead of TL-4 as there | LSp, TG, TN, and
Lumber, 1 TL-3
Consultant LLC are currently no TL-3 systems Concrete

LSp — Longitudinal, Spike-Laminated Timber
TG — Transverse, Glulam Timber
TN — Transverse, Nail-Laminated Timber

Four other groups offered deviations or modifications to existing railing systems, each of
which can be seen in Table B-17 of Appendix B. The biggest concern gathered from this portion
of the survey was that industry/consultants preferred that all timber components be standardized
to use glulam timber instead of having a mixed use of glulam and sawn timber. Other concerns
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included developing Timber Railing with Curb Systems to be compatible with all deck types,
making connections simpler and more field friendly, and incorporating pedestrian rail options into
commonly-used systems. Many of the railing systems that have been installed across the United
States, as shown in Section 5 of this report, already contain an additional pedestrian rail, even
though such elements have not actually been crash tested.

The fifth and final survey question asked if there were any special site conditions, approach
transitions, or terminations that should be considered when approach guardrail transitions or bridge
rail end terminations are developed for use with any new bridge railing systems. Ten respondents
offered recommendations for this question, and their responses are provided in Tables B-18 and
B-19 of Appendix B. From the information provided for this question, the most important aspect
appeared to be steep slopes located behind transition regions. Furthermore, multiple groups
requested an approach transition that utilizes a timber rail in order to maintain the bridge rail’s
aesthetic appearance beyond the end of the bridge rail. In contrast to a timber rail transition, it was
also important to develop a transition to the 31-in. tall, Midwest Guardrail System (MGS) due to
its significant use as a guardrail system across the United States.

Two state DOTSs, Alaska and South Carolina, offered considerations that required further
clarification by the research team. Thus, follow-up contact was made by researchers. Alaska DOT
asked the research team to take into account “considerations for snow removal and dirt
accumulation,” as well as “durability.” In response to the follow-up contact, it was clarified that
Alaska DOT preferred the use of open rail systems, such as box-beam guardrails and transitions,
instead of closed systems, such as W-Beam or Thrie Beam systems. The use of open rail systems
allow for snow to more easily be plowed off of the road and behind such barriers as well as reduced
snow drifting on roadways. It was also noted that snow plow damage was prevalent in many areas
throughout Alaska. When snow plow drivers clear as much roadway as possible, they can also
brush against barriers, thus damaging the guardrail and/or bridge railing systems. In terms of
durability, the Alaska respondent noted that new preservatives used for pressure-treating wood do
not seem to be as effective as older preservatives, such as creosote. Further, high winds often blast
sand into timber railing and post elements, thus causing severe wood deterioration over time.
Figure 82 shows typical wood deterioration under sand blasting conditions due to high winds in
the State of Alaska.
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Figure 82. Sand-Blasted Timber Posts in Alaska

In response to Question 5, the South Carolina DOT response noted a desire to transition
from a “timber curb to concrete curb on [a] roadway.” Once again, the research team sought further
clarification on this response. Thus, follow-up communication was initiated. In response, it was
determined that occasionally a concrete curb was cast at the bridge ends and beyond to align with
the lower curb portion of a Timber Railing with Curb System. It was believed by South Carolina
personnel that this curb helped to reduce vehicle snag at the end of the bridge railing system as
well as provided a way to direct water off of the bridge and toward a drainage flume instead of
eroding the soil near the bridge abutments. The South Carolina DOT respondent provided a
Roadway Standard Drawing of such a curbed system, which is shown in Figure C-4 of Appendix
C and in Figure 83. Within Figure 83, an added pedestrian rail is also depicted on the right side
railing system of the bridge, which was also requested in survey Question 4 pertaining to desired
modifications and deviations.
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Figure 83. Concrete Curb to Timber Curb Transition Feature in South Carolina

Using the literature review results in combination with the information and considerations
offered by the survey respondents, the research team sought to determine which bridge railing
systems should be developed, tested, and evaluated under MASH 2016 and whether an approach
transition should also be developed. The final determinations are outlined in the next section of
this report.

6.3 Future Research Priorities for Bridge Railing and Transition Systems

Following the completion of the survey and analysis of the data, a priority list was created
to guide future research and development of bridge railing and approach guardrail transition
systems. The priority list is provided in Table 15. Each system in the table is ranked from 1 to 15,
followed by the type of system. The test level and deck types that were commonly requested at
that test level were also noted. The deck types are followed by a number in parentheses, indicating
the number of requests for that deck type at that test level. Many of the systems were requested for
development at a certain test level, such as TL-4, but they may also have received a similar number
of requests at a test level either one step higher or lower, such as TL-3. For some of these systems,
it was determined that the most effective method of development would be to develop the system
at one test level and then offer alterations that could be made to the system to be acceptable at the
second test level. These systems have entries in the “Other Considerations” column of Table 15.
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Table 15. Future Research and Development Priority List

Bridge Railin Bridge Other Transition | Transition SeBCrtiidone3 Section 4
Priority g 9 Railing Deck Type(s) - . Responses 1e9 Transition
System Type Considerations Needs Test Level Railing
Test Level Reference
Reference
1 | TRwicub | TL4 | 1SU3 LG TL-3 18/12 Yes TL3 | 313,312 | 49,48
(8), Conc (6)
i Conc (8), LSp i i
2 TR w/ Curb TL-2 (7). TN (8) 19 Yes TL-2 3.13,3.12 49,48
3 Thrie Beam TL-2 Conc (7), TN (4) - 9 Yes TL-2 3.22,3.21 413
4 W-Beam TL-3 TN (4), Conc (3) - 8 No TBD! 3.17,3.16 NA
5 W-Beam TL-2 LG (6) - 8 No TBD! 3.17,3.16 NA
6 Thrie Beam TL-3 Conc (6), TN (3) - 7 Yes TL-3 3.22,3.21 413
Yes - End
7 LHCT TL-2 LSp (3), TN (3) - 6 Treatment TL-2 3.4 4.2
8 Steel-Backed TL-4 LG (4), TG (4) TL-3 5/4 Yes TL-3 3.26, 3.24 4.15
Yes - End
9 LHCT TL-1 TN (5) - 5 Treatment TL-1 3.4 4.2
10 TR w/o Curb TL-3 LSp (3), LSt (3) - 4 Yes TL-3 3.7,35 45,43
11 Steel-Backed TL-2 Conc (2), LG (2) - 4 Yes TL-2 3.26, 3.24 4.15
12 TR w/o Curb TL-2 Any - 4 Yes TL-2 3.7,3.5 45,43
13 Thrie Beam TL-4 TG (4) - 4 Yes TL-3 3.23,3.21 | 4.14,4.13
14 TR w/o Curb TL-4 LG (3), TG (3) - 3 Yes TL-3 3.7,35 45,43
Other (Type ) Steel w/ Conc i ) . i . )
15 10T) TL-3 (1), LN (1) TL-4 1/1 Yes TL-3 Figure C-2 | Figure C-2

1_ A stiffness transition may not be needed.
LHCT — Low-Height, Curb-Type

LG — Longitudinal, Glulam Timber
LSp — Longitudinal, Spike-Laminated Timber
TG — Transverse, Glulam Timber

TR w/ Curb — Timber Railing with Curb

TR w/o Curb — Timber Railing without Curb
LN — Longitudinal, Nail-Laminated Timber
LSt — Longitudinal, Stress-Laminated Timber

TN — Transverse, Nail-Laminated Timber
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Following these entries, the table contains the number of requests for the specified system type at
the specified test level, an indication of the need for a transition to be developed with the system,
and if so, the test level for the transition. The final information found in the table are references to
systems and transitions noted in Sections 3 and 4, respectively, that have been previously
developed and similar to what will be developed in the future.

In order to create the tabulated list of priorities, the number of requests for each system at
each test level were determined and generally placed in order from greatest to least. After
organizing the railing systems into the priority list, the data for each system was reviewed again to
determine the most commonly-requested deck types at the specified test level. This information
has been compiled within Tables B-20 through B-26 of Appendix B. Through discussions amongst
the research team, a question was raised as to whether a transition should be developed for each
system on the priority list, and if so, to which test level it should be tested. To help make this
determination, the information gathered from Question 5 of the survey was reviewed. With all of
this information compiled, a reference was found to link both the bridge railing and the approach
guardrail transition systems to be developed to the closest existing system found in Sections 3 or
4, respectively, of this report.

The highest priority system to be developed to meet MASH TL-4 standards was a Timber
Railing with Curb System. There were 18 requests to develop this type of railing system at TL-4,
but there were also 12 requests to develop it to meet TL-3. It was determined that due to cost
considerations and the similarity in the TL-3 and TL-4 test matrices, it would not be necessary to
develop a completely new system and conduct crash tests again. Therefore, the system is
recommended to be designed for use at MASH TL-4 and then used in TL-3 situations as well. The
most requested deck type for this system at TL-4 was a transverse, glulam timber deck. There was
also significant interest for its use on longitudinal glulam timber or reinforced concrete decks.
Because this system was requested so frequently, a transition that meets MASH TL-3 standards
will be developed for use with it as well.

The second highest priority system was a Timber Railing with Curb System, but this system
will only be developed to meet MASH TL-2 standards. This system was requested 19 times, and
the three most common deck types were reinforced concrete decks, longitudinal spike-laminated
timber decks, and transverse, nail-laminated timber decks. Again, a transition will be developed
for use with this bridge railing system. The approach guardrail transition will be designed and
tested to meet MASH TL-2 standards.

The third highest priority system was a Thrie Beam System to be developed to meet MASH
TL-2 criteria. This system was most commonly requested for development on concrete or
transverse, nail-laminated timber decks. An approach guardrail transition will be developed to
meet MASH TL-2 standards.

The next system, fourth on the priority list, was a W-Beam System developed to meet
MASH TL-3 standards. This system was most commonly requested for use on transverse, nail-
laminated timber or concrete decks. At this time, it is unclear if a new stiffness transition is required
between the bridge rail and guardrail systems. Further analysis will have to be performed after the
bridge railing system has been developed.
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The fifth highest priority system was a W-Beam System. This system will be designed to
meet MASH TL-2 standards. It was requested for use on longitudinal, glulam timber decks. It is
again unclear at this time if a stiffness transition will be necessary, however, this will be determined
once bridge railing development has begun.

The sixth highest priority system was a Thrie Beam System. There were seven requests for
this system to be developed to meet MASH TL-3 standards. This system was most commonly
requested for use on concrete or transverse, nail-laminated timber decks. An approach guardrail
transition will be developed with this bridge railing system to the respective test level as well.

The seventh highest priority system was a Low-Height, Curb-Type System to be designed
to meet MASH TL-2 standards. This system was requested for use on longitudinal, spike-
laminated or transverse, nail-laminated timber decks. For Low-Height, Curb-Type Systems,
transitions are not typically used. Thus, a bridge railing end termination will be developed with
this bridge railing system to meet MASH TL-2 standards.

The eighth highest priority system was a Steel-Backed Timber System which was to meet
MASH TL-4 standards. Similar to the first priority system, which was a Timber Railing with Curb
System to meet TL-4 criteria with considerations for TL-3 as well, this system will be developed
to meet TL-4 criteria but will be able to be used in TL-3 situations. This Steel-Backed Timber
System was requested for use on longitudinal or transverse glulam timber bridge decks. A
transition will be developed with this bridge railing system to meet the MASH TL-3 standards as
well.

The ninth highest priority system was a Low-Height, Curb-Type System. This system was
requested to meet MASH TL-1 criteria and be used on transverse, nail-laminated timber decks. As
planned with the TL-2 Low-Height, Curb-Type System (seventh highest priority), an end treatment
will be developed to meet MASH TL-1 criteria.

The tenth highest priority system was a Timber Railing without Curb System, which was
to meet MASH TL-3 impact safety standards. This system was requested for use on longitudinal,
spike-laminated or longitudinal, stress-laminated timber decks. An approach guardrail transition
will be developed to meet MASH TL-3 criteria.

The eleventh highest priority system was a Steel-Backed Timber System to meet MASH
TL-2 criteria and developed for use on longitudinal, glulam timber or reinforced concrete decks.
An approach guardrail transition will also be developed to meet MASH TL-2 impact safety
standards.

The twelfth highest priority system was a Timber Railing without Curb System to meet
MASH TL-2 impact safety criteria. The number of requests for each deck type were all very close.
Thus, a deck type will be determined in the future. An approach guardrail transition will be
developed to meet MASH TL-2 impact safety standards.

The thirteenth highest priority system was a Thrie Beam System to meet the MASH TL-4
criteria and for use on a transverse, glulam timber deck. An approach guardrail transition will be
designed to meet MASH TL-3 safety criteria.
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The fourteenth highest priority system was a Timber Railing without Curb System to meet
MASH TL-4 criteria and for use on longitudinal and transverse glulam timber decks. An approach
guardrail transition to meet MASH TL-3 criteria will also be developed.

The final system on the priority list was the Type 10T System offered for updates by the
Colorado DOT. An example drawing of this system is provided in Figure C-5 of Appendix C. This
system is composed of box beams supported by steel posts. A search through the Colorado DOT
website revealed that other variations of this bridge railing system have been used with other deck
types, including reinforced concrete decks where a concrete curb replaces the box-beam curb. It is
believed that the characteristics for these other design variations may be considered when updating
the Type 10T railing system in the future. According to the survey, this railing system was desired
to meet MASH TL-3 and TL-4 criteria. At this time, the research team has prioritized the system
development to meet MASH TL-3 while considering the additional aspects of the MASH TL-4
test matrix. It was requested to have this railing system be used on longitudinal, nail-laminated
timber decks and steel corrugated decking with concrete or asphalt topping. An approach guardrail
transition to meet MASH TL-3 criteria will also be developed.
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7 RESEARCH PLANS

7.1 Future Research Plans

The 15 bridge railing systems and associated approach guardrail transitions identified
within this study were compiled using survey results and findings from the literature review. For
these bridge railing and transition systems, substantial project funding would be needed to perform
the necessary research, development, construction, testing, and evaluation under the MASH 2016
criteria. Under this study, detailed research budgets were not created for the barrier systems.
Instead and for all 15 systems, the research team created global tasks with sub-tasks and cost
estimates for the global tasks using the priorities determined in Section 6. The research costs for
each bridge railing and transition system is provided in Tables 16 through 23, with the total cost
for all 15 systems provided in Table 24.

For each system, the first project task includes general project planning and documentation,
client correspondence, progress reports and meetings, literature review as needed, development of
computer-aided design details for the selected system, and documentation of mill certifications,
material specifications, and certificates of conformity/compliance.

The second project task consists of the development, analysis, and design of the bridge
railing and transition systems. The sub-tasks would include modifications to previous railing
designs, selection and design of the bridge deck and surfacing, development of the post-to-deck
anchorage systems, determination and selection of critical impact points, computer simulation of
MASH impacts into barriers, and documentation of the analysis, design, and simulation efforts
with findings.

The third project task includes dynamic component testing, which consists of the
construction of test articles, conducting component and/or sub-system dynamic testing with
electronic sensor instrumentation and video footage, field measurements, analysis of test results,
and documentation of tests with findings.

The fourth through seventh project tasks included site preparations for construction and
testing; acquisition of construction materials for the bridge railing and transition systems;
conducting the MASH 2016 full-scale vehicle crash tests; removal and/or repair of damaged
barriers, bridge deck, and soil regions between tests; test documentation; and removal of each
system at the project conclusion.

The final project task includes the preparation of a summary report for each system with
discussion of test results, presentation of findings, as well as conclusions and recommendations.
This tasks also includes obtaining an FHWA eligibility letter and submitting drawings of the bridge
railing and transition systems to the Task Force 13 database. Further, the research team envisions
the preparation of journal articles, assisting with dissemination of research findings, and providing
thoughts on implementation.

It should be noted that the estimated project costs presented in Tables 16 to 23 were based
on the research for each system being performed separately. These costs do not take into
consideration that the simultaneous funding of other research projects may provide material
savings. For example, some components may be used on multiple projects. However, all design
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details would need to be known for multiple projects on the onset in order to realize such cost
savings as fabricated components would need to accommodate multiple connections. As such, the
estimated project costs for all 15 systems depicted in Table 24 could decrease.

Note that the estimated costs shown in Tables 16 through 23 also represent testing being
performed on the most critical deck type for each system, which would need to be determined
through other research and analysis, such as bogie testing. If the most critical deck type cannot be
determined, MASH testing may need to be performed on two or more deck types. This outcome
would increase the cost for any system shown in the presented tables.
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Table 16. Estimated Global Cost Per System

Priority #1 Priority #2
TL-4TRw/ Curb | Transition | TL-2 TRw/ Curb | Transition

Project Tasks and Sub-Tasks

1. Project Planning and Correspondence

General Planning and Documentation

Client Correspondence

$35,000 $25,000 $35,000 $25,000
Progress Updates

Literature Review

Development of CAD Details for Selected Design

2. Design and Analysis of Bridge Railing and Transition Systems

Modifications to Preliminary/Previous Design

Selection and Design of Bridge Deck and Wearing Surface
Development and Analysis of Post-to-Deck Anchorage $100,000 $75,000 $100,000 $75,000
Selection of Critical Impact Points

Analysis Using LS-DYNA Computer Simulation

Documentation of Design Process with Findings

3. Dynamic Component Testing

Construction of Test Articles

Conducting Dynamic Impact Tests

Component Testing Data Analysis $50,000 $100,000 $50,000 $100,000

Onboard Vehicle Accelerometers and Angular Rate Trans.

High-Speed and Low-Speed Video

Post-Test Field Measurements, Documentation, and
Findings
4. Site Preparation

Soil Excavation

Acquisition of Bridge Railing/AGT Materials

- - - $300,000 $75,000 $300,000 $75,000
Construction of Simulated Bridge Deck

Construction of Bridge Railing System/AGT

Instrumentation Installations (String Pots, etc.)

5. MASH Testing for Respective Test Level - Includes Data Analysis
from Onboard Vehicle Accelerometers and Angular Rate - - - ®
Transducers, High-Speed Video, and Post-Test Field Measurements
Test No. X-10/20: 1100C Small Car $65,000 $65,000 $65,000 $65,000
Test No. X-11/21: 2270P Pickup Truck $75,000 $75,000 $75,000 $75,000
Test No. X-12: 10000S Single Unit Truck at 56 mph and 15
degrees
Reverse Direction Impact with Pickup Truck - $75,000 - -

$85,000 - - -

6. System Removal/Repair to Damaged Sections/ Deck
Repairs After First Test $30,000 $20,000 $20,000 $20,000
Repairs After Second Test

7. System Removal and Disposal
Removal of Bridge Deck/Bridge Rail/AGT $50,000 $20,000 $50,000 $20,000
Restoration of Site w/ Compacted Soil

8. Reporting and Project Deliverables

Summary Report with CAD Details, Mat. Specs., Mill
Certs., Crash Testing, and Recommendations

Report Editing (Internal and Sponsor Review) 550,000 $35,000 540,000 $30,000
FHWA Eligibility Letter Submittal and TF13 Drawings
Printing, Dissemination, and Accounting
Total Cost for System Part $840,000 $565,000 $735,000 $485,000
Total Cost for Development on Only First (Critical) Deck Type $1,405,000 $1,220,000
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Table 17. Estimated Global Cost Per System (continued)

Priority #3 Priority #4
TL-2 Thrie Beam | Transition TL-3 W-Beam Transition

Project Tasks and Sub-Tasks

1. Project Planning and Correspondence

General Planning and Documentation

Client Correspondence

$30,000 $15,000 $30,000 $15,000
Progress Updates

Literature Review

Development of CAD Details for Selected Design

2. Design and Analysis of Bridge Railing and Transition Systems

Modifications to Preliminary/Previous Design

Selection and Design of Bridge Deck and Wearing Suface
Development and Analysis of Post-to-Deck Anchorage $75,000 $50,000 $50,000 $30,000
Selection of Critical Impact Points

Analysis Using LS-DYNA Computer Simulation

Documentation of Design Process with Findings

3. Dynamic Component Testing

Construction of Test Articles

Conducting Dynamic Impact Tests

Component Testing Data Analysis $50,000 $50,000 $20,000 $50,000

Onboard Vehicle Accelerometers and Angular Rate Trans.

High-Speed and Low-Speed Video

Post-Test Field Measurements, Documentation, and
Findings
4. Site Preparation

Soil Excavation

Acquisition of Bridge Railing/AGT Materials

- - - $300,000 $75,000 $250,000 $50,000
Construction of Simulated Bridge Deck

Construction of Bridge Railing System/AGT

Instrumentation Installations (String Pots, etc.)

5. MASH Testing for Respective Test Level - Includes Data Analysis
from Onboard Vehicle Accelerometers and Angular Rate - - - ®
Transducers, High-Speed Video, and Post-Test Field Measurements
Test No. X-10/20: 1100C Small Car $65,000 $65,000 $65,000 $65,000
Test No. X-11/21: 2270P Pickup Truck $75,000 $75,000 $75,000 $75,000
Test No. X-12: 10000S Single Unit Truck at 56 mph and 15

degrees

Reverse Direction Impact with Pickup Truck - - - -

6. System Removal/Repair to Damaged Sections/ Deck
Repairs After First Test $30,000 $20,000 $20,000 $20,000
Repairs After Second Test

7. System Removal and Disposal
Removal of Bridge Deck/Bridge Rail/AGT $50,000 $20,000 $50,000 $15,000
Restoration of Site w/ Compacted Soil

8. Reporting and Project Deliverables

Summary Report with CAD Details, Mat. Specs., Mill
Certs., Crash Testing, and Recommendations

Report Editing (Internal and Sponsor Review) 540,000 $30,000 540,000 $30,000
FHWA Eligibility Letter Submittal and TF13 Drawings
Printing, Dissemination, and Accounting
Total Cost for System Part $715,000 $400,000 $600,000 $350,000
Total Cost for Development on Only First (Critical) Deck Type $1,115,000 $950,000
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Table 18. Estimated Global Cost Per System (continued)

Priority #5 Priority #6
TL-2 W-Beam Transition | TL-3 Thrie Beam | Transition

Project Tasks and Sub-Tasks

1. Project Planning and Correspondence

General Planning and Documentation

Client Correspondence

$30,000 $15,000 $30,000 $15,000
Progress Updates

Literature Review

Development of CAD Details for Selected Design

2. Design and Analysis of Bridge Railing and Transition Systems

Modifications to Preliminary/Previous Design

Selection and Design of Bridge Deck and Wearing Surface
Development and Analysis of Post-to-Deck Anchorage $50,000 $30,000 $75,000 $50,000
Selection of Critical Impact Points

Analysis Using LS-DYNA Computer Simulation

Documentation of Design Process with Findings

3. Dynamic Component Testing

Construction of Test Articles

Conducting Dynamic Impact Tests

Component Testing Data Analysis $20,000 $50,000 $50,000 $50,000

Onboard Vehicle Accelerometers and Angular Rate Trans.

High-Speed and Low-Speed Video
Post-Test Field Measurements, Documentation, and
Findings
4. Site Preparation

Soil Excavation

Acquisition of Bridge Railing/AGT Materials

- - - $250,000 $50,000 $300,000 $75,000
Construction of Simulated Bridge Deck

Construction of Bridge Railing System/AGT

Instrumentation Installations (String Pots, etc.)

5. MASH Testing for Respective Test Level - Includes Data Analysis
from Onboard Vehicle Accelerometers and Angular Rate - - - ®
Transducers, High-Speed Video, and Post-Test Field Measurements
Test No. X-10/20: 1100C Small Car $65,000 $65,000 $65,000 $65,000
Test No. X-11/21: 2270P Pickup Truck $75,000 $75,000 $75,000 $75,000
Test No. X-12: 10000S Single Unit Truck at 56 mph and 15
degrees
Reverse Direction Impact with Pickup Truck - - - -

6. System Removal/Repair to Damaged Sections/ Deck
Repairs After First Test $20,000 $20,000 $30,000 $20,000
Repairs After Second Test

7. System Removal and Disposal
Removal of Bridge Deck/Bridge Rail/AGT $50,000 $15,000 $50,000 $20,000
Restoration of Site w/ Compacted Soil

8. Reporting and Project Deliverables

Summary Report with CAD Details, Mat. Specs., Mill
Certs., Crash Testing, and Recommendations

Report Editing (Internal and Sponsor Review) 540,000 $30,000 540,000 $30,000
FHWA Eligibility Letter Submittal and TF13 Drawings
Printing, Dissemination, and Accounting
Total Cost for System Part $600,000 $350,000 $715,000 $400,000
Total Cost for Development on Only First (Critical) Deck Type $950,000 $1,115,000
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Table 19. Estimated Global Cost Per System (continued)

3 Priority #7 Priority #8
Project Tasks and Sub-Tasks — =
TL-2 LHCT Transition | TL-4 Steel-Backed | Transition
1. Project Planning and Correspondence
General Planning and Documentation
Client Correspondence
P $30,000 $15,000 $35,000 $25,000

Progress Updates

Literature Review

Development of CAD Details for Selected Design

2. Design and Analysis of Bridge Railing and Transition Systems

Modifications to Preliminary/Previous Design

Selection and Design of Bridge Deck and Wearing Surface
Development and Analysis of Post-to-Deck Anchorage $75,000 $50,000 $75,000 $50,000
Selection of Critical Impact Points

Analysis Using LS-DYNA Computer Simulation

Documentation of Design Process with Findings

3. Dynamic Component Testing

Construction of Test Articles

Conducting Dynamic Impact Tests

Component Testing Data Analysis $50,000 $30,000 $50,000 $50,000

Onboard Vehicle Accelerometers and Angular Rate Trans.

High-Speed and Low-Speed Video

Post-Test Field Measurements, Documentation, and
Findings

4. Site Preparation

Soil Excavation

Acquisition of Bridge Railing/AGT Materials

- - - $250,000 $50,000 $250,000 $75,000
Construction of Simulated Bridge Deck

Construction of Bridge Railing System/AGT
Instrumentation Installations (String Pots, etc.)

5. MASH Testing for Respective Test Level - Includes Data Analysis
from Onboard Vehicle Accelerometers and Angular Rate - - - ®
Transducers, High-Speed Video, and Post-Test Field Measurements
Test No. X-10/20: 1100C Small Car $65,000 $65,000 $65,000 $65,000
Test No. X-11/21: 2270P Pickup Truck $75,000 $75,000 $75,000 $75,000
Test No. X-12: 10000S Single Unit Truck at 56 mph and 15
degrees
Reverse Direction Impact with Pickup Truck - - - $75,000

- = $85,000 =

6. System Removal/Repair to Damaged Sections/ Deck
Repairs After First Test $15,000 $15,000 $40,000 $30,000
Repairs After Second Test

7. System Removal and Disposal
Removal of Bridge Deck/Bridge Rail/AGT $50,000 $15,000 $75,000 $20,000
Restoration of Site w/ Compacted Soil

8. Reporting and Project Deliverables

Summary Report with CAD Details, Mat. Specs., Mill
Certs., Crash Testing, and Recommendations

Report Editing (Internal and Sponsor Review) 540,000 330,000 $50,000 335,000
FHWA Eligibility Letter Submittal and TF13 Drawings
Printing, Dissemination, and Accounting
Total Cost for System Part $650,000 $345,000 $800,000 $500,000
Total Cost for Development on Only First (Critical) Deck Type $995,000 $1,300,000
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Table 20. Estimated Global Cost Per System (continued)

3 Priority #9 Priority #10
Project Tasks and Sub-Tasks == =
TL-1 LHCT Transition TL-3 TR w/o Curb Transition
1. Project Planning and Correspondence
General Planning and Documentation
Client Correspondence
P $25,000 $15,000 $35,000 $25,000

Progress Updates

Literature Review

Development of CAD Details for Selected Design
2. Design and Analysis of Bridge Railing and Transition Systems

Modifications to Preliminary/Previous Design

Selection and Design of Bridge Deck and Wearing Surface
Development and Analysis of Post-to-Deck Anchorage $25,000 $20,000 $100,000 $75,000
Selection of Critical Impact Points

Analysis Using LS-DYNA Computer Simulation

Documentation of Design Process with Findings

3. Dynamic Component Testing

Construction of Test Articles

Conducting Dynamic Impact Tests

Component Testing Data Analysis 0 $0 $50,000 $100,000

Onboard Vehicle Accelerometers and Angular Rate Trans.

High-Speed and Low-Speed Video

Post-Test Field Measurements, Documentation, and
Findings

4. Site Preparation

Soil Excavation

Acquisition of Bridge Railing/AGT Materials

- - - $225,000 $50,000 $275,000 $75,000
Construction of Simulated Bridge Deck

Construction of Bridge Railing System/AGT

Instrumentation Installations (String Pots, etc.)

5. MASH Testing for Respective Test Level - Includes Data Analysis
from Onboard Vehicle Accelerometers and Angular Rate - - - ®
Transducers, High-Speed Video, and Post-Test Field Measurements
Test No. X-10/20: 1100C Small Car $65,000 $65,000 $65,000 $65,000
Test No. X-11/21: 2270P Pickup Truck - $75,000 $75,000 $75,000
Test No. X-12: 10000S Single Unit Truck at 56 mph and 15
degrees
Reverse Direction Impact with Pickup Truck - - - $75,000

6. System Removal/Repair to Damaged Sections/ Deck
Repairs After First Test S0 $15,000 $30,000 $20,000
Repairs After Second Test

7. System Removal and Disposal
Removal of Bridge Deck/Bridge Rail/AGT $50,000 $15,000 $50,000 $20,000
Restoration of Site w/ Compacted Soil

8. Reporting and Project Deliverables

Summary Report with CAD Details, Mat. Specs., Mill
Certs., Crash Testing, and Recommendations

Report Editing (Internal and Sponsor Review) 530,000 330,000 540,000 $35,000
FHWA Eligibility Letter Submittal and TF13 Drawings
Printing, Dissemination, and Accounting
Total Cost for System Part $420,000 $285,000 $720,000 $565,000
Total Cost for Development on Only First (Critical) Deck Type $705,000 $1,285,000
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Table 21. Estimated Global Cost Per System (continued)

Priority #11 Priority #12
TL-2 Steel-Backed | Transition | TL-2 TR w/o Curb Transition

Project Tasks and Sub-Tasks

1. Project Planning and Correspondence

General Planning and Documentation

Client Correspondence

$35,000 $25,000 $35,000 $25,000
Progress Updates

Literature Review

Development of CAD Details for Selected Design

2. Design and Analysis of Bridge Railing and Transition Systems

Modifications to Preliminary/Previous Design

Selection and Design of Bridge Deck and Wearing Surface
Development and Analysis of Post-to-Deck Anchorage $75,000 $50,000 $100,000 $75,000
Selection of Critical Impact Points

Analysis Using LS-DYNA Computer Simulation

Documentation of Design Process with Findings

3. Dynamic Component Testing

Construction of Test Articles

Conducting Dynamic Impact Tests

Component Testing Data Analysis $50,000 $50,000 $50,000 $100,000

Onboard Vehicle Accelerometers and Angular Rate Trans.

High-Speed and Low-Speed Video
Post-Test Field Measurements, Documentation, and
Findings
4. Site Preparation

Soil Excavation

Acquisition of Bridge Railing/AGT Materials

- - - $250,000 $75,000 $275,000 $75,000
Construction of Simulated Bridge Deck

Construction of Bridge Railing System/AGT

Instrumentation Installations (String Pots, etc.)

5. MASH Testing for Respective Test Level - Includes Data Analysis
from Onboard Vehicle Accelerometers and Angular Rate - - - ®
Transducers, High-Speed Video, and Post-Test Field Measurements
Test No. X-10/20: 1100C Small Car $65,000 $65,000 $65,000 $65,000
Test No. X-11/21: 2270P Pickup Truck $75,000 $75,000 $75,000 $75,000
Test No. X-12: 10000S Single Unit Truck at 56 mph and 15
degrees
Reverse Direction Impact with Pickup Truck - $75,000 - -

6. System Removal/Repair to Damaged Sections/ Deck
Repairs After First Test $30,000 $20,000 $30,000 $20,000
Repairs After Second Test

7. System Removal and Disposal
Removal of Bridge Deck/Bridge Rail/AGT $65,000 $20,000 $50,000 $20,000
Restoration of Site w/ Compacted Soil

8. Reporting and Project Deliverables

Summary Report with CAD Details, Mat. Specs., Mill
Certs., Crash Testing, and Recommendations

Report Editing (Internal and Sponsor Review) 540,000 335,000 540,000 $30,000
FHWA Eligibility Letter Submittal and TF13 Drawings
Printing, Dissemination, and Accounting
Total Cost for System Part $685,000 $490,000 $720,000 $485,000
Total Cost for Development on Only First (Critical) Deck Type $1,175,000 $1,205,000
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Table 22. Estimated Global Cost Per System (continued)

Priority #13 Priority #14
TL-4 Thrie Beam | Transition TL-4 TRw/o Curb | Transition

Project Tasks and Sub-Tasks

1. Project Planning and Correspondence

General Planning and Documentation

Client Correspondence

$35,000 $25,000 $35,000 $25,000
Progress Updates

Literature Review

Development of CAD Details for Selected Design
2. Design and Analysis of Bridge Railing and Transition Systems

Modifications to Preliminary/Previous Design

Selection and Design of Bridge Deck and Wearing Surface
Development and Analysis of Post-to-Deck Anchorage $100,000 $75,000 $125,000 $75,000
Selection of Critical Impact Points

Analysis Using LS-DYNA Computer Simulation

Documentation of Design Process with Findings

3. Dynamic Component Testing

Construction of Test Articles

Conducting Dynamic Impact Tests

Component Testing Data Analysis $50,000 $50,000 $75,000 $100,000
Onboard Vehicle Accelerometers and Angular Rate Trans.

High-Speed and Low-Speed Video

Post-Test Field Measurements, Documentation, and
Findings

4. Site Preparation

Soil Excavation

Acquisition of Bridge Railing/AGT Materials

- - - $300,000 $75,000 $300,000 $75,000
Construction of Simulated Bridge Deck

Construction of Bridge Railing System/AGT

Instrumentation Installations (String Pots, etc.)

5. MASH Testing for Respective Test Level - Includes Data Analysis
from Onboard Vehicle Accelerometers and Angular Rate - - - ®
Transducers, High-Speed Video, and Post-Test Field Measurements
Test No. X-10/20: 1100C Small Car $65,000 $65,000 $65,000 $65,000
Test No. X-11/21: 2270P Pickup Truck $75,000 $75,000 $75,000 $75,000
Test No. X-12: 10000S Single Unit Truck at 56 mph and 15
degrees
Reverse Direction Impact with Pickup Truck - - - $75,000

$85,000 - $85,000 -

6. System Removal/Repair to Damaged Sections/ Deck
Repairs After First Test $40,000 $30,000 $40,000 $30,000
Repairs After Second Test

7. System Removal and Disposal
Removal of Bridge Deck/Bridge Rail/AGT $50,000 $20,000 $65,000 $20,000
Restoration of Site w/ Compacted Soil

8. Reporting and Project Deliverables

Summary Report with CAD Details, Mat. Specs., Mill
Certs., Crash Testing, and Recommendations

Report Editing (Internal and Sponsor Review) $50,000 330,000 $50,000 335,000
FHWA Eligibility Letter Submittal and TF13 Drawings
Printing, Dissemination, and Accounting
Total Cost for System Part $850,000 $445,000 $915,000 $575,000
Total Cost for Development on Only First (Critical) Deck Type $1,295,000 $1,490,000
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Table 23. Estimated Global Cost Per System (continued)

3 Priority #15
Project Tasks and Sub-Tasks =
TL-3 Type 10T Transition
1. Project Planning and Correspondence
General Planning and Documentation
Client Correspondence
$30,000 $25,000

Progress Updates

Literature Review

Development of CAD Details for Selected Design
2. Design and Analysis of Bridge Railing and Transition Systems

Modifications to Preliminary/Previous Design

Selection and Design of Bridge Deck and Wearing Surface
Development and Analysis of Post-to-Deck Anchorage $75,000 $75,000
Selection of Critical Impact Points

Analysis Using LS-DYNA Computer Simulation

Documentation of Design Process with Findings

3. Dynamic Component Testing

Construction of Test Articles

Conducting Dynamic Impact Tests
Component Testing Data Analysis $75,000 $75,000
Onboard Vehicle Accelerometers and Angular Rate Trans.

High-Speed and Low-Speed Video

Post-Test Field Measurements, Documentation, and Findings

4, Site Preparation

Soil Excavation

Acquisition of Bridge Railing/AGT Materials

- - - $325,000 $75,000
Construction of Simulated Bridge Deck

Construction of Bridge Railing System/AGT

Instrumentation Installations (String Pots, etc.)

5. MASH Testing for Respective Test Level - Includes Data Analysis from
Onboard Vehicle Accelerometers and Angular Rate Transducers, High- - -
Speed Video, and Post-Test Field Measurements
Test No. X-10/20: 1100C Small Car $65,000 $65,000
Test No. X-11/21: 2270P Pickup Truck $75,000 $75,000
Test No. X-12: 100008 Single Unit Truck at 56 mph and 15
degrees
Reverse Direction Impact with Pickup Truck - $75,000
6. System Removal/Repair to Damaged Sections/ Deck
Repairs After First Test $30,000 $25,000
Repairs After Second Test

7. System Removal and Disposal
Removal of Bridge Deck/Bridge Rail/AGT $50,000 $20,000
Restoration of Site w/ Compacted Soil

8. Reporting and Project Deliverables

Summary Report with CAD Details, Mat. Specs., Mill Certs.,
Crash Testing, and Recommendations

Report Editing (Internal and Sponsor Review) $40,000 $35,000
FHWA Eligibility Letter Submittal and TF13 Drawings
Printing, Dissemination, and Accounting
Total Cost for System Part $765,000 $545,000
Total Cost for Development on Only First (Critical) Deck Type $1,310,000
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Table 24. Estimated Global Cost for All Systems

System Cost
Priority #1
1,405,000
TL-4 TR w/ Curb 21,405,
Priority #2
1,220,000
TL-2 TR w/ Curb 21,220,
Priority #3 $1.115,000
TL-2 Thrie Beam S
Priority #4
TL-3 W-Beam »950,000
Priority #5
950,000
TL-2 W-Beam 2950,
Priority #6
1,115,000
TL-3 Thrie Beam 21115,
Priority #7
riorty $995,000
TL-2 LHCT
Priority #8
1,300,000
TL-4 Steel-Backed >
Priority #9
7
TL-1 LHCT »705,000
Priority #10
1,285,000
TL-3 TR w/o Curb »1,285,
Priority #11
1,175,000
TL-2 Steel-Backed 21175,
Priority #12
1,2
TL-2 TR w/o Curb »1,205,000
Priority #13
1,295,000
TL-4 Thrie Beam 2
Priority #14
1,490,000
TL-4 TR w/o Curb 21,490,
Priority #15
riority $1,310,000
TL-3 Type 10T
All Systems $17,515,000
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Appendix A. Blank Survey Content
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MwRSF-UNL and USDA-FS-FPL Survey

Introduction

This survey pertains to FPL Project No. 18-JV-11111107-037, Evaluation of
Crash Tested Bridge Railing for Wood Bridges. Your participation is vital to the
research team and advisory panel.

The survey will:

« identify commonly-used bridge railing systems for wood bridges;

« help researchers and panel members select currently-implemented
systems for future evaluation under the AASHTO MASH impact safety
criteria;

« uncover any other ideas for bridge railing systems to be developed to
current AASHTO MASH impact safety criteria; and

» identify any special conditions to take into consideration when developing
approach guardrail transitions or bridge rail terminations to accompany
these bridge railings.

The successful completion of this survey will allow your organization’s bridge
railings and needs to be considered within the project planning and potentially
selected for further research, development, testing, and evaluation under MASH
safety performance guidelines.

The study is focused on identifying commonly-used, non-proprietary systems in
need of testing under MASH.

Instructions

This survey consists of five questions, each of which pertain to bridge railing
systems for use on wood bridges, as well as their approach guardrail transitions
or end terminations. For the purpose of this survey, we are defining a wood
bridge as a bridge that has a wood deck, wood railing system, or both. For
example, a relevant system could include a steel thrie beam bridge railing
attached to a wood bridge deck, or a wood bridge railing attached to a concrete
bridge deck. The survey may require 15 minutes to complete.

Throughout the survey, when entering information into a single-line response
box, text can continuously scroll to the right. When entering information into a
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multi-line response box, drag the bottom right corner with your cursor to expand
the box for better viewing. Also, questions with circular check boxes can only
have one answer (Yes/No), while questions with square check boxes can have
multiple answers.

To save your progress and finish the survey at a later time, enter your email
address using the "Save and continue later" button visible at the top of the
screen. This process will provide you with a unique link that you can click on to
re-enter the survey where you left off. The email with the link may be sent to your
email's spam folder, so if your email does not arrive within a few minutes, please
check your spam. This unique link may be shared with others to allow multiple
people to answer and save questions in the same survey.

Portions of this survey are not compatible with mobile devices, so please
complete the survey on a desktop computer or laptop. To go back and forth
between pages, do not use your browser's back button. Instead, use the "Back"
and "Next" buttons at the bottom of each page.

The primary survey participant shall complete the following information:

If another person provides survey content or should be contacted later, please add their name(s), phone
number(s), and email address(es) at the end of the survey to aid with follow-up communications.

Response:

First Name: |

Last Name: |

Position/Title: |

Organization: |

Department/Division: | |

Street Address: |

Building: |

Room Number: |
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City: |

State: |

Zip Code: |

Telephone Number: |

Fax Number: |

Email Address: |

Example Bridge Railing Systems
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Question 1 of 5: Bridge Railing Systems Currently In Use

1) What types of bridge railing systems are currently installed on wood bridges? If
you are a consultant, please denote any bridge railing systems that you have
designed, constructed, or recommended for use in the field. If you are a
representative of a government agency, please denote any bridge railing
systems that your agency owns or manages. For each system, please indicate the
deck type(s) on which the system has been installed and indicate whether or not the
system has been deemed crashworthy by previous crash testing. If yes, please
indicate to which test or performance level the system has been tested and
evaluated. Finally, estimate the percentage of systems in place for each type. Be
sure to check that percentages sum to 100% in the end.

Number of Systems:*

If you have more than ten systems, please contact the survey distributor to provide additional information.

10
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System 1:*

System Name:*: |

System Description:*

i

=]
| i

Deck Type:*

Longitudinal, Glulam Timber
Longitudinal, Nail-Laminated Timber
Longitudinal, Spike-Laminated Timber
Longitudinal, Stress-Laminated Timber
Transverse, Glulam Timber

Transverse, Nail-Laminated Timber

I 1 I 1 1 1 T

Other Deck Type(s)

Other Deck Type(s):*: ‘

Crash-Tested:*

~
Yes

“ No

Test or Performance Level:*: ‘
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Additional information can be provided using the electronic document upload

link.

Accepted file types: png, gif, jpg, jpeg, doc, xls, docx, xIsx, pdf, txt, mov, mp3, mp4. Upload maximum 10

files, 50 megabytes per file, for each question.
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System 2:*

System Name:*: |

System Description:*

i
1 of

Deck Type:*

Longitudinal, Glulam Timber
Longitudinal, Nail-Laminated Timber
Longitudinal, Spike-Laminated Timber
Longitudinal, Stress-Laminated Timber
Transverse, Glulam Timber

Transverse, Nail-Laminated Timber

a 1 1 1 1 1 T

Other Deck Type(s)

Other Deck Type(s):*: ‘
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Crash-Tested:*

~
Yes

lﬁNo

Test or Performance Level:*: ‘

Additional information can be provided using the electronic document upload
link.

Accepted file types: png, gif, jpg, jpeg, doc, xls, docx, xIsx, pdf, txt, mov, mp3, mp4. Upload maximum 10
files, 50 megabytes per file, for each question.

1

10

System 3:*

System Name:*: |

System Description:*

i

=]
< | 2
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Deck Type:*

Longitudinal, Glulam Timber
Longitudinal, Nail-Laminated Timber
Longitudinal, Spike-Laminated Timber
Longitudinal, Stress-Laminated Timber
Transverse, Glulam Timber

Transverse, Nail-Laminated Timber

a 1 1 1 1 1 T

Other Deck Type(s)

Other Deck Type(s):*: ‘

Crash-Tested:*

~
Yes

lﬁNo

Test or Performance Level:*: ‘
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Additional information can be provided using the electronic document upload

link.

Accepted file types: png, gif, jpg, jpeg, doc, xls, docx, xIsx, pdf, txt, mov, mp3, mp4. Upload maximum 10

files, 50 megabytes per file, for each question.
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System 4:*

System Name:*: |

System Description:*

i
1 of

Deck Type:*

Longitudinal, Glulam Timber

Longitudinal, Nail-Laminated Timber
Longitudinal, Spike-Laminated Timber
Longitudinal, Stress-Laminated Timber
Transverse, Glulam Timber

Transverse, Nail-Laminated Timber

a1 I 1 1 1

Other Deck Type(s)

Other Deck Type(s):*: ‘

Crash-Tested:*

~
Yes

lﬁNo

Test or Performance Level:*: ‘
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Additional information can be provided using the electronic document upload
link.

Accepted file types: png, gif, jpg, jpeg, doc, xls, docx, xIsx, pdf, txt, mov, mp3, mp4. Upload maximum 10
files, 50 megabytes per file, for each question.

System 5:*

System Name:*: |

System Description:*

i
e of

Deck Type:*

2 Longitudinal, Glulam Timber
= Longitudinal, Nail-Laminated Timber

= Longitudinal, Spike-Laminated Timber
101



Longitudinal, Stress-Laminated Timber
Transverse, Glulam Timber

Transverse, Nail-Laminated Timber

a1 1 1

Other Deck Type(s)

Other Deck Type(s):*: ‘

Crash-Tested:*

~
Yes

“ No

Test or Performance Level:*: ‘
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Additional information can be provided using the electronic document upload

link.

Accepted file types: png, gif, jpg, jpeg, doc, xls, docx, xIsx, pdf, txt, mov, mp3, mp4. Upload maximum 10

files, 50 megabytes per file, for each question.
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System 6:*

System Name:*: |

System Description:*

i

=]
| i

Deck Type:*

Longitudinal, Glulam Timber
Longitudinal, Nail-Laminated Timber
Longitudinal, Spike-Laminated Timber
Longitudinal, Stress-Laminated Timber
Transverse, Glulam Timber

Transverse, Nail-Laminated Timber

I 1 I 1 1 1 T

Other Deck Type(s)

Other Deck Type(s):*: ‘

Crash-Tested:*

~
Yes

“ No

Test or Performance Level:*: ‘
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Additional information can be provided using the electronic document upload

link.

Accepted file types: png, gif, jpg, jpeg, doc, xls, docx, xIsx, pdf, txt, mov, mp3, mp4. Upload maximum 10

files, 50 megabytes per file, for each question.



System 7:*

System Name:*: |

System Description:*

i
1 of

Deck Type:*

Longitudinal, Glulam Timber
Longitudinal, Nail-Laminated Timber
Longitudinal, Spike-Laminated Timber
Longitudinal, Stress-Laminated Timber
Transverse, Glulam Timber

Transverse, Nail-Laminated Timber

a 1 1 1 1 1 T

Other Deck Type(s)

Other Deck Type(s):*: ‘
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Crash-Tested:*

~
Yes

lﬁNo

Test or Performance Level:*: ‘

Additional information can be provided using the electronic document upload
link.

Accepted file types: png, gif, jpg, jpeg, doc, xls, docx, xIsx, pdf, txt, mov, mp3, mp4. Upload maximum 10
files, 50 megabytes per file, for each question.

1

10

System 8:*

System Name:*: |

System Description:*

i

=]
< | 2
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Deck Type:*

Longitudinal, Glulam Timber
Longitudinal, Nail-Laminated Timber
Longitudinal, Spike-Laminated Timber
Longitudinal, Stress-Laminated Timber
Transverse, Glulam Timber

Transverse, Nail-Laminated Timber

a 1 1 1 1 1 T

Other Deck Type(s)

Other Deck Type(s):*: ‘

Crash-Tested:*

~
Yes

lﬁNo

Test or Performance Level:*: ‘
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Additional information can be provided using the electronic document upload

link.

Accepted file types: png, gif, jpg, jpeg, doc, xls, docx, xIsx, pdf, txt, mov, mp3, mp4. Upload maximum 10

files, 50 megabytes per file, for each question.
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System 9:*

System Name:*: |

System Description:*

i
1 of

Deck Type:*

Longitudinal, Glulam Timber

Longitudinal, Nail-Laminated Timber
Longitudinal, Spike-Laminated Timber
Longitudinal, Stress-Laminated Timber
Transverse, Glulam Timber

Transverse, Nail-Laminated Timber

a1 I 1 1 1

Other Deck Type(s)

Other Deck Type(s):*: ‘

Crash-Tested:*

~
Yes

lﬁNo

Test or Performance Level:*: ‘
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Additional information can be provided using the electronic document upload
link.

Accepted file types: png, gif, jpg, jpeg, doc, xls, docx, xIsx, pdf, txt, mov, mp3, mp4. Upload maximum 10
files, 50 megabytes per file, for each question.

System 10:*

System Name:*: |

System Description:*

i
e of

Deck Type:*

2 Longitudinal, Glulam Timber
= Longitudinal, Nail-Laminated Timber

= Longitudinal, Spike-Laminated Timber
108



Longitudinal, Stress-Laminated Timber
Transverse, Glulam Timber

Transverse, Nail-Laminated Timber

a1 1 1

Other Deck Type(s)

Other Deck Type(s):*: ‘

Crash-Tested:*

~
Yes

“ No

Test or Performance Level:*: ‘
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Additional information can be provided using the electronic document upload

link.

Accepted file types: png, gif, jpg, jpeg, doc, xls, docx, xIsx, pdf, txt, mov, mp3, mp4. Upload maximum 10

files, 50 megabytes per file, for each question.
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For each system, please estimate the percentage of systems installed. The total
MUST add up to 100%.*

System 1
System 2
System 3

System 4

|

|

|

|

‘7 System 5
‘— System 6
‘ System 7
‘ System 8
‘ System 9
|

System 10

Question 2 of 5: Updates to Current Bridge Railing Systems

2) Is it desirable to update any of the bridge railing systems listed in Question 1
to current AASHTO MASH impact safety criteria? If so, please indicate which test
level(s) is/are desired.*

System 1*

~
Yes

lﬁNo

System 1 - Test Level(s) Desired:*
CTL
TL-2

TL-3

B D

TL-4
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System 2*

~
Yes

lﬁNo

System 2 - Test Level(s) Desired:*
L TL

CTL-2
©TL-3
 TL4

System 3*

~
Yes

lﬁNo

System 3 - Test Level(s) Desired:*
©TL

CTL-2
B
L TL-4

System 4*

~
Yes

lﬁNo

System 4 - Test Level(s) Desired:*
CoTL

CTL-2
O TL-3
-

TL-4
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System 5*

~
Yes

lﬁNo

System 5 - Test Level(s) Desired:*
L TL

CTL-2
©TL-3
 TL4

System 6*

~
Yes

lﬁNo

System 6 - Test Level(s) Desired:*
©TL

CTL-2
B
L TL-4

System 7*

~
Yes

lﬁNo

System 7 - Test Level(s) Desired:*
CoTL

CTL-2
O TL-3
-

TL-4
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System 8*

~
Yes

lﬁNo

System 8 - Test Level(s) Desired:*
L TL

CTL-2
©TL-3
 TL4

System 9*

~
Yes

lﬁNo

System 9 - Test Level(s) Desired:*
©TL

CTL-2
B
L TL-4

System 10*

~
Yes

lﬁNo

System 10 - Test Level(s) Desired:*
CoTL

TL2
O TL-3
-

TL-4

113
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Due to your answer to Question 1, you do not need to answer Question 2.
Please click "Next" below to continue to the next question.

Question 3 of 5: Past Bridge Railing System Developments

3) An attached document depicts schematics and photographs of bridge railing
systems for wood bridges that have been developed and crash tested in the past.
Each new page is representative of a family of systems, and there are 6 families
in total. The family name can be found at the top of each page, which
corresponds to the options given below. Please indicate whether it is desirable to
develop a crashworthy system for each respective family according to the
AASHTO MASH impact safety criteria. If a certain system type is desired, please
indicate the desired deck type(s) and test level(s).

Schematics and Photographs for Each Bridge Railing System Family
Clicking the link above will open the document in another tab of your browser. Keep the
document open while completing this question. *

3-1. Low-Height, Curb-Type Bridge Railing*
(Vertical Connection between Timber Curb Rail and Scupper Blocks)

~
Yes

“ No

Deck Type(s):*

Longitudinal, Glulam Timber
Longitudinal, Nail-Laminated Timber
Longitudinal, Spike-Laminated Timber
Longitudinal, Stress-Laminated Timber
Transverse, Glulam Timber

Transverse, Nail-Laminated Timber

a1 1 1 1 1 T

Other Deck Type(s)

Other Deck Type(s):*: ‘
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Test Level(s) Desired:*
©oTL

CTL-2
" TL-3
" TL4

3-2. Timber Railing without Curb*
(Horizontal Connection between Timber Rail and Posts)

~
Yes

“ No

Deck Type(s):*

Longitudinal, Glulam Timber
Longitudinal, Nail-Laminated Timber
Longitudinal, Spike-Laminated Timber
Longitudinal, Stress-Laminated Timber
Transverse, Glulam Timber

Transverse, Nail-Laminated Timber

a 1 1 1 1 1 T

Other Deck Type(s)

Other Deck Type(s):*: ‘
Test Level(s) Desired:*
CTL

CTL-2
.
-

TL-4
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3-3. Timber Railing with Curb*

(Vertical Connection between Timber Curb Rail and Scupper Blocks with Horizontal
Connection between Timber Rail and Posts)

~
Yes

“ No

Deck Type(s):*

Longitudinal, Glulam Timber
Longitudinal, Nail-Laminated Timber
Longitudinal, Spike-Laminated Timber
Longitudinal, Stress-Laminated Timber
Transverse, Glulam Timber

Transverse, Nail-Laminated Timber

a 1 1 1 1 1 T

Other Deck Type(s)

Other Deck Type(s):*: ‘
Test Level(s) Desired:*
CTL

CTL-2

©TL3

" TL4

3-4. W-Beam Railing*

~
Yes

lﬁNo

Deck Type(s):*
= Longitudinal, Glulam Timber
2 Longitudinal, Nail-Laminated Timber

= Longitudinal, Spike-Laminated Timber

116



a1 1 1

Longitudinal, Stress-Laminated Timber
Transverse, Glulam Timber
Transverse, Nail-Laminated Timber

Other Deck Type(s)

Other Deck Type(s):*: ‘

Test Level(s) Desired:*

=

=
r
=

TL-1

TL-2

TL-3

TL-4

3-5. Thrie Beam Railing*

~

~

Yes

No

Deck Type(s):*

a 1 1 1 1 1 T

Longitudinal, Glulam Timber
Longitudinal, Nail-Laminated Timber
Longitudinal, Spike-Laminated Timber
Longitudinal, Stress-Laminated Timber
Transverse, Glulam Timber
Transverse, Nail-Laminated Timber

Other Deck Type(s)

Other Deck Type(s):*: ‘

Test Level(s) Desired:*

r

=

TL-1

TL-2
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" TL-3
" TL4

3-6. Steel-Backed Timber Railing*

~
Yes

lﬁNo

Deck Type(s):*

Longitudinal, Glulam Timber
Longitudinal, Nail-Laminated Timber
Longitudinal, Spike-Laminated Timber
Longitudinal, Stress-Laminated Timber
Transverse, Glulam Timber

Transverse, Nail-Laminated Timber

a1 I 1 1 1 T

Other Deck Type(s)

Other Deck Type(s):*: ‘
Test Level(s) Desired:*
CoTL

CTL-2
.
-

TL-4

Question 4 of 5: Additional Bridge Railing System Information

4) Please provide any available details for bridge railing systems that are desirable
for development that have not been previously mentioned in this survey. This
information would include general system details, along with deck type(s) and test
level(s) for each system.

In this section, please provide any available details for suggested deviations or
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modifications to any systems that have been previously mentioned in this survey.
This information could include any tolerance, constructability, or maintenance
considerations, as well as any special attachment locations or hardware that should
be used or is desired.

Providing Details For:*

“ New Bridge Railing Systems

Deviations/Modifications to Existing Bridge Railing Systems
“ Both

Neither

Number of New Systems:*

If you have more than ten systems, please contact the survey distributor to provide additional information.

“ 0

©

10
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New System 1:*

General Details:

i

=]
| i

Deck Type(s):*

2 Longitudinal, Glulam Timber

2 Longitudinal, Nail-Laminated Timber

Longitudinal, Spike-Laminated Timber
Longitudinal, Stress-Laminated Timber
Transverse, Glulam Timber

Transverse, Nail-Laminated Timber

I R I N B

Other Deck Type(s)

Other Deck Type(s):*: ‘
Test Level(s) Desired:*
CoTL

CTL-2
.
©TL4

Additional information can be provided using the electronic document upload
link.

Accepted file types: png, gif, jpg, jpeg, doc, xls, docx, xIsx, pdf, txt, mov, mp3, mp4. Upload maximum 10
files, 50 megabytes per file, for each question.

\ 1
| 2
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New System 2:*

General Details:

i

=]
<] | i

Deck Type(s):*

Longitudinal, Glulam Timber

Longitudinal, Nail-Laminated Timber
Longitudinal, Spike-Laminated Timber
Longitudinal, Stress-Laminated Timber
Transverse, Glulam Timber

Transverse, Nail-Laminated Timber

a 1 1 1 1 1 T

Other Deck Type(s)

Other Deck Type(s):*: ‘
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Test Level(s) Desired:*
L TL
TL-2

TL-3

a1 T

TL-4

Additional information can be provided using the electronic document upload
link.

Accepted file types: png, gif, jpg, jpeg, doc, xls, docx, xIsx, pdf, txt, mov, mp3, mp4. Upload maximum 10
files, 50 megabytes per file, for each question.

New System 3:*

General Details:

L]
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Deck Type(s):*

Longitudinal, Glulam Timber
Longitudinal, Nail-Laminated Timber
Longitudinal, Spike-Laminated Timber
Longitudinal, Stress-Laminated Timber
Transverse, Glulam Timber

Transverse, Nail-Laminated Timber

a 1 1 1 1 1 T

Other Deck Type(s)

Other Deck Type(s):*: ‘
Test Level(s) Desired:*
CTL

CTL-2
B
-

TL-4
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Additional information can be provided using the electronic document upload

link.

Accepted file types: png, gif, jpg, jpeg, doc, xls, docx, xIsx, pdf, txt, mov, mp3, mp4. Upload maximum 10

files, 50 megabytes per file, for each question.
| 1

| 2
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New System 4:*

General Details:

i

=]
[« | 2

Deck Type(s):*

Longitudinal, Glulam Timber

Longitudinal, Nail-Laminated Timber
Longitudinal, Spike-Laminated Timber
Longitudinal, Stress-Laminated Timber
Transverse, Glulam Timber

Transverse, Nail-Laminated Timber

a1 I 1 1 1 T

Other Deck Type(s)

Other Deck Type(s):*: ‘
Test Level(s) Desired:*
7L

CTL-2
.
-

TL-4
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Additional information can be provided using the electronic document upload
link.

Accepted file types: png, gif, jpg, jpeg, doc, xls, docx, xIsx, pdf, txt, mov, mp3, mp4. Upload maximum 10
files, 50 megabytes per file, for each question.

New System 5:*

General Details:

il

=]
| i

Deck Type(s):*
-

Longitudinal, Glulam Timber
= Longitudinal, Nail-Laminated Timber
2 Longitudinal, Spike-Laminated Timber
= Longitudinal, Stress-Laminated Timber
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B Transverse, Glulam Timber
B Transverse, Nail-Laminated Timber

' Other Deck Type(s)

Other Deck Type(s):*: ‘
Test Level(s) Desired:*
T

TL-2

TL-3

a1 1 T

TL-4

Additional information can be provided using the electronic document upload
link.

Accepted file types: png, gif, jpg, jpeg, doc, xls, docx, xlsx, pdf, txt, mov, mp3, mp4. Upload maximum 10
files, 50 megabytes per file, for each question.

126



July 15, 2020
MwRSF Report No. TRP-03-429-20-R1

New System 6:*

General Details:

i

=]
| i

Deck Type(s):*

2 Longitudinal, Glulam Timber

2 Longitudinal, Nail-Laminated Timber

Longitudinal, Spike-Laminated Timber
Longitudinal, Stress-Laminated Timber
Transverse, Glulam Timber

Transverse, Nail-Laminated Timber

I R I N B

Other Deck Type(s)

Other Deck Type(s):*: ‘
Test Level(s) Desired:*
CoTL

CTL-2
.
©TL4

Additional information can be provided using the electronic document upload
link.

Accepted file types: png, gif, jpg, jpeg, doc, xls, docx, xIsx, pdf, txt, mov, mp3, mp4. Upload maximum 10
files, 50 megabytes per file, for each question.

\ 1
| 2
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New System 7:*

General Details:

i

=]
<] | i

Deck Type(s):*

Longitudinal, Glulam Timber

Longitudinal, Nail-Laminated Timber
Longitudinal, Spike-Laminated Timber
Longitudinal, Stress-Laminated Timber
Transverse, Glulam Timber

Transverse, Nail-Laminated Timber

a 1 1 1 1 1 T

Other Deck Type(s)

Other Deck Type(s):*: ‘
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Test Level(s) Desired:*
L TL
TL-2

TL-3

a1 T

TL-4

Additional information can be provided using the electronic document upload
link.

Accepted file types: png, gif, jpg, jpeg, doc, xls, docx, xIsx, pdf, txt, mov, mp3, mp4. Upload maximum 10
files, 50 megabytes per file, for each question.

New System 8:*

General Details:

L]

129



Deck Type(s):*

Longitudinal, Glulam Timber
Longitudinal, Nail-Laminated Timber
Longitudinal, Spike-Laminated Timber
Longitudinal, Stress-Laminated Timber
Transverse, Glulam Timber

Transverse, Nail-Laminated Timber

a 1 1 1 1 1 T

Other Deck Type(s)

Other Deck Type(s):*: ‘
Test Level(s) Desired:*
CTL

CTL-2
B
-

TL-4

July 15, 2020
MwRSF Report No. TRP-03-429-20-R1

Additional information can be provided using the electronic document upload

link.

Accepted file types: png, gif, jpg, jpeg, doc, xlIs, docx, xIsx, pdf, txt, mov, mp3, mp4. Upload maximum 10

files, 50 megabytes per file, for each question.
| 1

| 2
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New System 9:*

General Details:

i

=]
[« | 2

Deck Type(s):*

Longitudinal, Glulam Timber

Longitudinal, Nail-Laminated Timber
Longitudinal, Spike-Laminated Timber
Longitudinal, Stress-Laminated Timber
Transverse, Glulam Timber

Transverse, Nail-Laminated Timber

a1 I 1 1 1 T

Other Deck Type(s)

Other Deck Type(s):*: ‘
Test Level(s) Desired:*
7L

CTL-2
.
-

TL-4
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Additional information can be provided using the electronic document upload
link.

Accepted file types: png, gif, jpg, jpeg, doc, xls, docx, xIsx, pdf, txt, mov, mp3, mp4. Upload maximum 10
files, 50 megabytes per file, for each question.

New System 10:*

General Details:

il

=]
| i

Deck Type(s):*
-

Longitudinal, Glulam Timber
= Longitudinal, Nail-Laminated Timber
2 Longitudinal, Spike-Laminated Timber
= Longitudinal, Stress-Laminated Timber
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B Transverse, Glulam Timber
B Transverse, Nail-Laminated Timber

' Other Deck Type(s)

Other Deck Type(s):*: ‘
Test Level(s) Desired:*
T

TL-2

TL-3

a1 1 T

TL-4

Additional information can be provided using the electronic document upload
link.

Accepted file types: png, gif, jpg, jpeg, doc, xls, docx, xIsx, pdf, txt, mov, mp3, mp4. Upload maximum 10
files, 50 megabytes per file, for each question.
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Deviations or Modifications to Existing Bridge Railing Systems:*

=]
_

=]
| i

Additional information can be provided using the electronic document upload
link.

Accepted file types: png, gif, jpg, jpeg, doc, xls, docx, xIsx, pdf, txt, mov, mp3, mp4. Upload maximum 10
files, 50 megabytes per file, for each question.

| 1

| 2

Question 5 of 5: Approach Guardrail Transition Information

5) When either connecting guardrail to bridge rail ends or terminating a bridge
rail, are there any special site conditions or features that should be considered in
the approach guardrail transition or bridge rail termination? For example, these
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considerations could include a desired post spacing, a specific material to be
used, compatibility with certain roadside slopes, etc.

il

=]
| i

Special Transition or Termination Features:

i

=]
[« | 2

Additional information can be provided using the electronic document upload
link.

Special Site Conditions:

Accepted file types: png, gif, jpg, jpeg, doc, xls, docx, xIsx, pdf, txt, mov, mp3, mp4. Upload maximum 10
files, 50 megabytes per file, for each question.
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Additional Contact Information

If other personnel should be contacted regarding the information provided in this
survey, please list their contact information below. This list can include individuals
who helped to provide content for this survey or could provide further information
that would be helpful with project planning.

Name: Organization: szeer- Alég}aeisls.
Additional | |
Contact 1:
Additional [ | | .
Contact 2:
Additional [ | | .
Contact 3:
Additional | |
Contact 4:
Additional [ | | .
Contact 5:
Thank You!

Thank you for taking our survey. An email confirming your response
submission has been sent to your account. If you do not receive an email
within a few minutes, please check your spam folder.
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Survey Question 3 Attachment: Schematics and Photographs for Each Bridge
Railing System Family

Question 3-1. Low-Height, Curb-Type Bridge Railing
(Vertical Connection between Timber Curb Rail and Scupper Blocks)

Gluiom Rail

(
(
-1 3 7/8" |'_l_

P= P =
-5 174" <17 12"
ol
Scupper
Asphalt or Concrete b 9 /2
Weatirg Suricce \\ R
-\ 7 12

B /A, f

N

Noil-Lomina ted

Timber Deck @, D)
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Question 3-2. Timber Railing without Curb

(Horizontal Connection between Timber Rail and Posts)

e e ]
— T
By |
= LiNEy
075 ELJLCW:: 1 : _,_ﬂ
1 ol
|
48"
PV RAL LSRRy
|
ILILANES |
Rail 13 ‘/2. ' 3 1/4-
‘ -
284"
21.65" 6 3/4°x 7 1/2°
Glulom Block
149" 10 1/2" tong % i
R
I / :" -

= : L.

2 ] T ey @ i /4

5 1/8" ? 5

' L
Z"
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Question 3-3. Timber Railing with Curb

(Vertical Connection between Timber Curb Rail and Scupper Blocks with Horizontal
Connection between Timber Rail and Posts)

/6?5'/ 47 8"
05

_—
=4
o0
-
o
—t
o
o

3| 95

I

3 1/8"10 1/2°x8 3/4"
Glulam Rail a%" Glulam Block

l_ —1—8 3/4"x10 1/2"x37 1/8" e
Curb Glulom Post casm—
- w Ct(trb_é ] Glulom Curb Rail
ear L S »
s,_..-fm-l b"““'ﬂ 1/4" 9 Bolt & Nut
[BE EnreEe DI RN Scupper
Ar ” r—5/8" ¢ x6” Lag Screw

€ | 1 6342
[
I
__ﬂ-ﬁ-,-__
i M6 3/4"%x127x54” Glulam
w/ Washer

N 4
Transverse Glulam Deck
5 1/8" Thick
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Question 3-4. W-Beam Railing

Er
58in. @x7in.
t bolt with hex nut
and cut washer
27-314"
: Nominal 4 x 6 In.
N"“i“dzi n. /_S«I-mabupoot
e Gty et T e m v e BT
Nominal 2 In:
wurl'lgaurhna-\
s — X
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Question 3-5. Thrie Beam Railing

E:

fus ]
jare ]
32" 31.65
21.65"
g q
5"__| |t —
|
- L i%au
. S o
51/8
[ /
¥ W die
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Surface
oo | 2l . 17 A325 Hex Heod Boits (2)
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T
Post Plate Wosher
Ok —" v ©
48 Shear Plobes (24):

7/8°¢ A307 Boits (12)
Bottomn Plate Assembly
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Question 3-6. Steel-Backed Timber Railing
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Appendix B. Survey Data
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Table B-1. Questions 1 and 2 Summary: Currently Used Systems and Update Requests

. Percent
Respondent | Respondent | System | System Brief System Deck Types Previously Test/Performance Usage by Test
7> Crash- : Update
Type Group # Name Description Installed On Tested Level Respective Level
Group
Alabama NA - - - - - - - -
TL-4
Glulam Glulam Rail
Alaska 1 Timber TG Yes NCHRP 350 TL-4 100% Yes TL-4
. and Curb
Bridge
Railing
Arkansas NA - - - - - - - -
. Existing
1| TIMPEr | imber post LN No . 3% No | -
Rail .
and Rail
LN, Steel
Two Steel Corrugated
Tube System Decking with 0 TL-3,
5 State 2 Type 10T with Steel Concrete or Yes NCHRP 350 TL-4 49% Yes TL-4
overnment Posts Asphalt
Topping
LN, Steel
Colorado Type 3 Tube or Metal Corrugated
3 Wood Backed W- Decking with No i 38% No i
Post Beam on Concrete or
Wood Posts Asphalt
Topping
LN, Steel
Tube or Metal Corrugated
Type 3 Backed W- Decking with
4 Metal No - 10% No -
Post Beam on Concrete or
Metal Posts Asphalt
Topping

NA — Not Applicable

TG — Transverse, Glulam Timber

LN — Longitudinal, Nail-Laminated Timber

-02-6217-€0-dH L "ON Hoday 4SHMIN
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Table B-2. Questions 1 and 2 Summary: Currently Used Systems and Update Requests (continued)

. Deck Types | Previously Percent
Respondent | Respondent | System System Brief System Test/Performance | Usage by Test
e Installed Crash- - Update
Type Group # Name Description Level Respective Level
On Tested
Group
Glulam Rail
. and Curb LG, LN,
1 Timber | Attachedto | LSp, LSt, Yes | NCHRP350TL-2 |  90% Yes | -2
Bridge Rail TL-3
Sawn Lumber Concrete
Deleware Posts
St%erlig o | W-Beam LG, LN
2 g Mounted on ' y Yes NCHRP 350 TL-2 10% No -
Mounted . LSp, LSt
. Bridge
Guardrail
Florida NA - - - - - - - -
Ilinois NA - - - - - - - -
Indiana NA - - - - - - - -
State Kansas NA - - - - - - - -
Government Side Thrie Beam Concrete
with Side with 0 TL-2,
1 Mounted Mounted Steel Timber No ) 25% es TL-3
Guard Rail .
Louisiana Posts Stringers
Thrie Beam
Bridge Rail with Side Timber, 0 TL-2,
2 Rehab Mounted Concrete No ) 75% ves TL-3
Timber Posts
Maryland NA - - - - - - - -
. LSp,
TL-2 a(r?(;uéir?bwiltlh Concrete
Minnesota 1 Glulam Rail Slab Spans, Yes NCHRP 350 TL-2 70% Yes TL-2
. Sawn Lumber
with Curb Concrete
Posts
Decks

NA — Not Applicable

LG — Longitudinal, Glulam Timber

LN — Longitudinal, Nail-Laminated Timber

LSp — Longitudinal, Spike-Laminated Timber
LSt — Longitudinal, Spike-Laminated Timber

Td
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Table B-3. Questions 1 and 2 Summary: Currently Used Systems and Update Requests (continued)

. Percent
Respondent | Respondent | System System Brief System Deck Types | Previously Test/Performance Usage by Test
> Installed Crash- . Update
Type Group # Name Description on Tested Level Respective Level
Group
TL-4 Glulam Rail LSp,
. Glulam and Curb with Concrete
Minnesota 2 o Slab Spans, Yes NCHRP 350 TL-4 30% Yes TL-4
Rail with Sawn Lumber
Concrete
Curb Posts
Decks
Mississippi NA - - - - - - - -
8'"'x12"x4'-6"
Lumber Posts
Missouri 1 Unknown with a LG No - 100% No -
6'x10.75"
Glulam Rail
State Wood Rail | _>awn Lumber
Government 1 | onwood | Rl Attached to ™ No : 50% No ;
Sawn Lumber
Deck
Posts
Vgﬁleg? W-Beam Rail
2 Attached to TN No - 44% No -
Wood Steel Posts
Montana Deck
B;—ahnrwleon Thrie Beam
3 Rail Attached to TN No - 1% No -
Wood
Steel Posts
Deck
Box Beam Box Beam
4 on Wood Attached to TN No - 5% No -
Deck Steel Posts

NA — Not Applicable

LSp — Longitudinal, Spike-Laminated Timber
LG — Longitudinal, Glulam Timber

TN — Transverse, Nail-Laminated Timber

-02-6217-€0-dH L "ON Hoday 4SHMIN
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Table B-4. Questions 1 and 2 Summary: Currently Used Systems and Update Requests (continued)

Deck Previousl Percent
Respondent | Respondent | System | System Brief System Types Y| Test/Performance Usage by Test
e Crash- - Update
Type Group # Name Description Installed Level Respective Level
Tested
On Group
Nevada NA - - - - - - - -
New 1 T101 Texas Bridge | | & 7 Yes NCHRP 350 TL-3 100% Yes | TL-2
Hampshire Rail
Side Mounted
1 GC-8000 | Glulam Timber LG Yes NCHRP 350 TL-4 50% Yes TL-4
Rail with Curb
New Jersey Top Mounted
2 | Wood | Glulam Timber | 1 Yes | NCHRP350TL-4 |  50% Yes | TL-4
System Railing with
Curb
. Low-Height,
1 I;rul En gzr” Curb-Type TN No - 40% Yes TrLL-lz
State North Bridge Railing
Government Carolina . . -
2 Timber Timber Railing ™ No i 60% Yes TL-1,
Rail with Curb ° TL-2
North
Dakota NA i i i i i i i )
1 | TsT-1-99 | Steel Postand ™ Yes TL-4 25% No -
Steel Tube
Ohio Deep | ;
Beam Steel Post an 0
2 Bridge Steel Tube ™ Yes L3 5% No )
Railing
Oklahoma NA - - - - - - - -

NA — Not Applicable

LG — Longitudinal, Glulam Timber

TN — Transverse, Nail-Laminated Timber
TG — Transverse, Glulam Timber

Td
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Table B-5. Questions 1 and 2 Summary: Currently Used Systems and Update Requests (continued)

Breakaway Bolts to
Steel Bracket

Deck Previousl Percent
Respondent | Respondent | System | System Brief System Types Y| Test/Performance Usage by Test
e Crash- - Update
Type Group # Name Description Installed Level Respective Level
Tested
On Group
Solid Timber Posts
and Rail with a
. Vertical Connection
Timber for Scupper Blocks
RhodeIsland | 1 | Rail with ppet TG No - 100% Yes | TL-4
and a Horizontal
Curb .
Connection
Between the Posts
and Rail
South Glulam Curb and
. 1 Glulam Railing Mounted to LG, TG No - 100% Yes TL-3
Carolina
Glulam Posts
South Dakota | NA - - - - - - - -
State Texas NA - - - - - - - -
Government Sawn Lumber Posts
1 GC-8000 | Attached to Glulam LG Yes NCHRP 350 TL-4 80% Yes TL-3
Virdinia Timber Deck
g Sawn Lumber Posts
2 SBDO01D | Attached to Glulam TG Yes NCHRP 350 TL-4 20% Yes TL-3
Timber Deck
Existing - Timber Posts Bolted
1 g into Timber TN No - 3% No -
As Built .
Stringers
: Steel Posts with
Washington Service Thrie Beam
2 Guardrail, TN Yes SL-1 97% No -
Level 1

NA — Not Applicable

LG — Longitudinal, Glulam Timber

TG — Transverse, Glulam Timber
TN — Transverse, Nail-Laminated Timber

Td
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Table B-6. Questions 1 and 2 Summary: Currently Used Systems and Update Requests (continued)

Blocks

. Percent
Respondent | Respondent | System System Brief System Deck Types Previously Test/Performance | Usage by Test
7> Crash- . Update
Type Group # Name Description Installed On Tested Level Respective Level
Group
T|r_n_ber Glulam Railing
State Railing Attached to
Wisconsin 1 Attached to . . Concrete Yes NCHRP 350 TL-2 100% Yes TL-2
Government Timber Posts with
Concrete Curb
Slab
FHWA NA - - - - - - - -
1 Timber . LSt, TG, TN, No - 45% Yes TL-1
Curb Only Scupper Blocks; Planks Decks
Top-Mounted
Sawn Sawn Timber
Bridge Bridge Railing
" . . LG, LN, LSp TL-
Railing with Sawn Timber L~ ' 0
2 with Sawn | Curb Attachedto | o0 TG TN, No i 15% es L,
. ) Planks Decks TL-2
Federal Timber Sawn Timber
Government Curb Posts
USFS W-Beam Bridge TG. TN, Plank
W-Beam Railing Attached ’Dec’ks TL-
3 Bridge to Sawn Timber ' No - 5% Yes 1,
- Corrugated
Railing Posts or Steel TL-2
Metal Deck
Posts
Glulam Timber
Glulam Curb on Glulam 0
4 Curb Only |  Timber Scupper LG, TG, TN No - 25% Yes | TL-1

NA — Not Applicable
LN — Longitudinal, Nail-Laminated Timber

LSt — Longitudinal, Stress-Laminated Timber

TN — Transverse, Nail-Laminated Timber

LG — Longitudinal, Glulam Timber
LSp — Longitudinal, Spike-Laminated Timber
TG — Transverse, Glulam Timber

Td
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Table B-7. Questions 1 and 2 Summary: Currently Used Systems and Update Requests (continued)

Previous Percent Test
Respondent | Respondent | Syste System Brief System Deck Types ly Test/Performance | Usage by | Updat Leve
Type Group m # Name Description Installed On | Crash- Level Respectiv e |
Tested e Group
Gll.”am Glulam Timber Bridge
Bridge . .
Railing Ralllng with Glulam
USFS 5 . Timber Curb Attached TG, TN No - 10% Yes | TL-1
Federal with A
to Glulam Timber
Governmen Glulam POsts
t Curb
Bureau of Wide Decentralized agency
Reclamatio 1 Variet with no railing system | Wide Variety No - 100% Yes | TL-1
n y inventory
Glulam
Beam Glulam Deck Panels, 0
Alamco 1 Vehicular Posts, and Railing LG, TG es NCHRP 350 TL-4 60% No i
Wood Bridge
Products, Glulam
LLC 2 Beam | Glulam Deck Panels, | & 1 Yes | NCHRP350 TL-5 |  40% No | -
Industry Pedestrian Posts, and Railing
Consultant Bridge
6x12 S4S SYP Rail
. Timber attached to 8x10 S4S
Bridge . 4x12 S4S
Builders p | Vehicular | SYP Posts, Posts SYP No . 100% | Yes | TL-2
USA. Inc Bridge attached to 6x12 S4S (Timber)
e Guardrail SYP curb on 30" curb
blocks

NA — Not Applicable

LN — Longitudinal, Nail-Laminated Timber
LSt — Longitudinal, Stress-Laminated Timber

TN — Transverse, Nail-Laminated Timber

LG — Longitudinal, Glulam Timber
LSp — Longitudinal, Spike-Laminated Timber
TG — Transverse, Glulam Timber

Td
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Table B-8. Questions 1 and 2 Summary: Currently Used Systems and Update Requests (continued)

Deck Previousl Percent
Respondent | Respondent | System Brief System Types Y| Test/Performance Usage by Test
System Name e Crash- . Update
Type Group # Description Installed Level Respective Level
Tested
On Group
Static Load
Tested System
Weyerhaeuser with Glulam
! Rail System Posts, Wheel LG, TG No i 3% No i
Guards, and
Top Rails
Curbon
FHA Scupper Blocks LG LSt
2 Longitudinal with a Top Rail Cor;creté Yes PL-1 28% No -
PL-1 Attached to
Posts
Industry Ia:imlcr;?)id FHA Postand Top | |~ &
Consultant LLC ' 3 Longitudinal | Rails with Steel Cor;creté Yes PL-1 5% No -
PL-1 Curbless Post Shoe
Curbon
FHA Scupper Blocks LG LSt
4 Longitudinal with a Top Rail Cor;creté Yes TL-4 14% Yes TL-4
TL-4 Attached to
Posts
Curbon
FHA Scupper Blocks
5 Transverse TL- | with a Top Rail TG Yes TL-2 5% No -
2 Attached to
Posts

* - Not counted as a system in reported number of systems in Section 6

LG — Longitudinal, Glulam Timber
TG — Transverse, Glulam Timber

LSt — Longitudinal, Stress-Laminated Timber

Td
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Table B-9. Questions 1 and 2 Summary: Currently Used Systems and Update Requests (continued)

a Glulam Rail

Deck Previousl Percent
Respondent | Respondent | System System Brief System Types Y| Test/Performance Usage by Test
e Crash- - Update
Type Group # Name Description Installed Level Respective Level
Tested
On Group
Laminated FHA Eig(r:bk:cvﬁﬁuap'ﬁ)'gr
Concepts, 6 | Transverse ; Pl 16 Yes TL-4 45% Yes | TL-4
Rail Attached to
LLC TL-4
Posts
Lightweight
Timber Railing for
Low Volume
1 gx10 | RoadsiBxBCurbs ) o) iy No . 10 No | -
on Scuppers with
8x8 Posts and a
4x10 Sawn Timber
Rail
Industry 6x12 Sawn Timber
Consultant Curb on Scuppers, NCHRP 230 PL-
\ﬁ\{:;ggleerr 2 PL-1 8x10 Solid Sawn LSp, TN Yes 1/TL-2 35 Yes TL-2
LLC ’ Posts, Glulam Rail
Standard Issue
TL-2 & TL- from USDA FS, TL-2
3 4 for Sawn Curbs, Concrete Yes NCHRP 350 TL-2 10 Yes TL-3
Concrete Scuppers, Posts, &TL-4 TL-4
Decks and Blockouts with
a Glulam Rail
Sawn Curbs,
) Scuppers, Posts, LG, LSp, ) TL-3,
4 TL-4 and Blockouts with | TG, TN Yes NCHRP 350 TL-4 35 Yes TL-a

TG — Transverse, Glulam Timber
LSp — Longitudinal, Spike-Laminated Timber

TN — Transverse, Nail-Laminated Timber
TG — Transverse, Glulam Timber

Td
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Table B-10. Questions 1 and 2 Summary: Currently Used Systems and Update Requests (continued)

Appearance

Deck Previousl Percent
Respondent | Respondent | System System Brief System Types Y| Test/Performance Usage by Test
> Crash- : Update
Type Group # Name Description Installed Level Respective Level
Tested
On Group
Railing for Railings for TL-2,
5 Transverse Transverse TG, TN Yes NCHZPTSLE_ZTL'Z 5 Yes TL-3,
Deck Panels | Timber Panels TL-4
Sawn Curbs,
Scuppers, and
6 Ste;elz:nlqate Posts with a LSp, TN No - 2 No -
Wheeler Steel W-Beam
Industry .
Consultant Lumber, Rail
LLC
7 Curbs Only | Sawncurband | o No , 2 No -
Scuppers
Ornamental Projects with
8 Log Desire for Log LSp, TN No - 1 No -

TG — Transverse, Glulam Timber

TN — Transverse, Nail-Laminated Timber
LSp — Longitudinal, Spike-Laminated Timber

Td
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Table B-11. Question 3-1 Summary: Low-Height, Curb-Type System Development Requests

Respondent

Type Respondent Group Update Deck Type(s) Test Level
Alabama No - -
Alaska No - -
Arkansas No - -
Colorado No - -
Delaware Yes LG, LN, LSp, LSt, Concrete TL-2, TL-3
Florida No - -
Illinois No - -
Indiana No - -
Kansas No - -
Louisiana No - -
Maryland No - -
Minnesota No - -
Mississippi No - -
o o - -
Nevada No - -
New Hampshire Yes LSp, TG TL-2
New Jersey No - -
North Carolina* Yes TN TL-1, TL-2
North Dakota Yes Timber Planks TL-2
Ohio No - -
Oklahoma No - -
Rhode Island Yes LG, LN, LSp, LSt, TG, TN TL-4
South Carolina No - -
South Dakota No - -
Texas No - -
Virginia Yes LG TL-3
Washington No - -
Wisconsin No - -
FHWA Yes LG, LN, LSp, LSt, TG, TN TL-1, TL-2
Federal USDA-ES* Yes LG, LN, LSp, TG, TN, Plank TL-1
Government Deck
USBR Yes TG, TN TL-1
Alamco Wood Products, LLC No - -
Industry Bridge Builders USA, Inc. No - -
Consultant Laminated Concepts, LLC No - -
Wheeler Lumber, LLC No - -

* - Groups with an asterisk also requested updates to systems that are already used from this family.

LG — Longitudinal, Glulam Timber

LSp — Longitudinal, Spike-Laminated Timber

TG — Transverse, Glulam Timber

LN — Longitudinal, Nail-Laminated Timber

LSt — Longitudinal, Stress-Laminated Timber

TN — Transverse, Nail-Laminated Timber
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Table B-12. Question 3-2 Summary: Timber Railing without Curb System Development

Requests
Res_?%;jent Respondent Group Update Deck Type(s) Test Level
Alabama No - -
Alaska No - -
Arkansas No - -
Colorado No - -
Delaware Yes LG, LN, LSp, LSt, Concrete TL-2, TL-3
Florida No - -
Illinois No - -
Indiana No - -
Kansas No - -
Louisiana No - -
Maryland Yes LSp, LSt TL-3
Minnesota No - -
Mississippi No - -
State Missouri No - -
Government Montana No - -
Nevada No - -
New Hampshire No - -
New Jersey Yes LG, LN, LSp, LSt, TG, TN TL-3, TL-4
North Carolina Yes TN TL-1, TL-2
North Dakota Yes Timber Planks TL-3
Ohio No - -
Oklahoma No - -
Rhode Island No - -
South Carolina Yes LG, TG TL-4
South Dakota No - -
Texas No - -
Virginia No - -
Washington No - -
Wisconsin No - -
Federal FHWA Yes LG, LN, LSp, LSt, TG, TN TL-1, TL-2
Government USDA-FS Yes LG, LN, LSp, TG, TN TL-1, TL-2
USBR Yes TG, TN TL-1
Alamco Wood Products, LLC No - -
Industry Bridge Builders USA, Inc. No - -
Consultant Laminated Concepts, LLC Yes LG, LSt, TG, Concrete TL-4
Wheeler Lumber, LLC No - -

LG — Longitudinal, Glulam Timber

LSp — Longitudinal, Spike-Laminated Timber

TG — Transverse, Glulam Timber

LN — Longitudinal, Nail-Laminated Timber

LSt — Longitudinal, Stress-Laminated Timber

TN — Transverse, Nail-Laminated Timber
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Table B-13. Question 3-3 Summary: Timber Railing with Curb System Development Requests

Respondent

Type Respondent Group Update Deck Type(s) Test Level
Alabama No - -
Alaska Yes LG, TG TL-4
Arkansas* No - -
Colorado No - -
Delaware* Yes LG, LN, LSp, LSt, Concrete TL-2, TL-3
Florida No - -
Illinois No - -
Indiana Yes Unsure TL-2, TL-3
Kansas No - -
Louisiana No - -
Maryland Yes LSp, LSt TL-3
. LSp, TG, TN, Concrete Slab
Minnesota™ Yes Sppans and Concrete Decks TL-2,TL-4
Mississippi No - -
State Missouri No - -
Government Montana No - -
Nevada No - -
New Hampshire Yes LG, LN, TG TL-2
New Jersey* Yes LG, LN, LSp, LSt, TG, TN TL-4
North Carolina* Yes TN TL-1, TL-2
North Dakota No - -
Ohio No - -
Oklahoma Yes Details Vary by County/City TL-1, TL-2
Rhode Island* Yes LG, LN, LSp, LSt, TG, TN TL-4
South Carolina* Yes LG, TG TL-4
South Dakota No - -
Texas No - -
Virginia* Yes LG TL-3
Washington No - -
Wisconsin* Yes LN, Concrete TL-2
Federal FHWA Yes LG, LN, LSp, LSt, TG, TN TL-2, TL-3
Government USDA-FS* Yes LG,LN, TG, TN TL-1, TL-2
USBR No - -
Alamco Wood Products, LLC No - -
Industry Bridge Builders USA, Inc.* Yes 4x12 S4S SYP (Timber) TL-2
Consultant Laminated Concepts, LLC* Yes LG, LSt, TG, Concrete TL-4
Wheeler Lumber, LLC* Yes LSp, TG, TN, Concrete TL'.I%’LLL'?”

* - Groups with an asterisk also requested updates to systems that are already used from this family.

LG — Longitudinal, Glulam Timber

LSp — Longitudinal, Spike-Laminated Timber

TG — Transverse, Glulam Timber

LN — Longitudinal, Nail-Laminated Timber

LSt — Longitudinal, Stress-Laminated Timber

TN — Transverse, Nail-Laminated Timber
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Table B-14. Question 3-4 Summary: W-Beam System Development Requests

Respondent

Type Respondent Group Update Deck Type(s) Test Level
Alabama No - -
Alaska No - -
Arkansas No - -
Colorado No - -
Delaware Yes LG, LN, LSp, LSt, Concrete TL-2, TL-3
Florida No - -
Illinois No - -
Indiana No - -
Kansas No - -
Louisiana Yes Concrete on Timber Stringers TL-2, TL-3
Maryland Yes LSp, LSt TL-3
Minnesota No - -
Mississippi No - -
s Missouri No - -
Govetf‘rfﬁ]em Montana Yes N TL-3
Nevada No - -
New Hampshire* Yes LG, LN, TG TL-2
New Jersey No - -
North Carolina Yes TN, Low Fill Culverts TL-2, TL-3
North Dakota Yes Timber Planks TL-3
Ohio Yes TN TL-3
Oklahoma No - -
Rhode Island No - -
South Carolina No - -
South Dakota No - -
Texas No - -
Virginia No - -
Washington No - -
Wisconsin No - -
FHWA Yes LG, LN, LSp, LSt, TG, TN TL-2, TL-3
Federal LG, LN, LSp, TG, TN, Plank TL-1, TL-2,
Government USDA-FS* Yes FISeck TL-4
USBR Yes TG, TN, Concrete TL-1
Alamco Wood Products, LLC No - -
Industry Bridge Builders USA, Inc. No - -
Consultant Laminated Concepts, LLC Yes LG, LSt, TG TL-2
Wheeler Lumber, LLC No - -

* - Groups with an asterisk also requested updates to systems that are already used from this family.

LG — Longitudinal, Glulam Timber

LSp — Longitudinal, Spike-Laminated Timber

TG — Transverse, Glulam Timber

LN — Longitudinal, Nail-Laminated Timber

LSt — Longitudinal, Stress-Laminated Timber

TN — Transverse, Nail-Laminated Timber
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Respondent

Type Respondent Group Update Deck Type(s) Test Level
Alabama No - -
Alaska No - -
Arkansas No - -
Colorado No - -
Delaware Yes LG, LN, LSp, LSt, Concrete TL-2, TL-3
Florida No - -
Illinois No - -
Indiana No - -
Kansas No - -
Louisiana* Yes Concrete on Timber Stringers TL-2, TL-3
Maryland No - -
Minnesota Yes TG, TN TL-2, TL-4
Mississippi No - -
Missouri No - -
State Montana Yes TN TL-3
Government Nevada No - -
New Hampshire No - -
New Jersey No - -
North Carolina Yes TN, Low Fill Culverts, TL-2, TL-3
Concrete
North Dakota No - -
Ohio No - -
Oklahoma No - -
Rhode Island Yes LG, LN, LSp, LSt, TG, TN TL-4
South Carolina Yes LG, TG TL-4
South Dakota No - -
Texas No - -
Virginia No - -
Washington Yes TN TL-1
Wisconsin No - -
FHWA Yes LG, LN, LSp, LSt, TG, TN TL-2, TL-3
Federal TL-1, TL-2,
Government USDA-FS Yes LG, LN, TG, TN TL-4
USBR Yes Concrete TL-1, TL-2
Alamco Wood Products, LLC No - -
Industry Bridge Builders USA, Inc. No - -
Consultant Laminated Concepts, LLC No - -
Wheeler Lumber, LLC No - -

* - Groups with an asterisk also requested updates to systems that are already used from this family.

LG — Longitudinal, Glulam Timber

LSp — Longitudinal, Spike-Laminated Timber

TG — Transverse, Glulam Timber

LN — Longitudinal, Nail-Laminated Timber

LSt — Longitudinal, Stress-Laminated Timber

TN — Transverse, Nail-Laminated Timber
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Table B-16. Question 3-6 Summary: Steel-Backed Timber System Development Requests

Resgn_sggent Respondent Group Update Deck Type(s) Test Level
Alabama No - -
Alaska Yes LG, TG TL-4
Arkansas No - -
Colorado No - -
Delaware Yes LG, LN, LSp, LSt, Concrete TL-2, TL-3
Florida No - -
Illinois No - -
Indiana Yes Unsure TL-2
Kansas No - -
Louisiana No - -
Maryland No - -
Minnesota No - -
Mississippi No - -
Missouri No - -
State Montana No - -
Government Nevada No - -
New Hampshire Yes LG, TG TL-2
New Jersey Yes LG, LN, LSp, LSt, TG, TN TL-3, TL-4
North Carolina Yes TN, Concrete TL_?LLL_&
North Dakota No - -
Ohio No - -
Oklahoma No - -
Rhode Island Yes LG, LN, LSp, LSt, TG, TN TL-4
South Carolina Yes LG, TG TL-4
South Dakota No - -
Texas No - -
Virginia No - -
Washington No - -
Wisconsin No - -
FHWA Yes LG, LN, LSp, LSt, TG, TN TL-3
Federal
Government USDA-FS No - -
USBR No - -
Alamco Wood Products, LLC No - -
Industry Bridge Builders USA, Inc. No - -
Consultant Laminated Concepts, LLC No - -
Wheeler Lumber, LLC No - -
LG — Longitudinal, Glulam Timber LN — Longitudinal, Nail-Laminated Timber
LSp — Longitudinal, Spike-Laminated Timber LSt — Longitudinal, Stress-Laminated Timber
TG — Transverse, Glulam Timber TN — Transverse, Nail-Laminated Timber

159




July 15, 2020
MwRSF Report No. TRP-03-429-20-R1

Table B-17. Question 4-2 Summary: Modifications/Deviations to Currently Used Bridge Railing
Systems

Respondent Respondent

Modifications and Deviations
Type Group

Curb-type systems for all decks.

Eliminate or provide a more 'field friendly' connection for scupper to

Laminated curb, curb to deck, mainly the split ring connections.

Concepts, LLC

Standardize all rail timber materials to be glued laminated to
Industry eliminate sizing confusion between glulam and solids.

Consultant

Often owners want to add pedestrian railing elements to the vehicle

Wheeler rail. Typically this is increasing the total height to 42" and adding
Lumber, LLC | safety rails to limit the rail spacing. TL-2 and TL-4 have been
modified in this way.

Alamco Wood

Products, LLC Acceptance of glulam timber in lieu of where solids are called out.

State

Louisiana In lieu of thrie beam, I would consider steel tube railing and/or posts.
Government
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Table B-18. Question 5 Summary: Special Site Conditions or Transition/Terminations Features

and dirt accumulation

Res_ﬁ)_gggent Restr%rL%ent Special Site Conditions Special Transition/Termination Features
%%r:::r;%tti d i Ability to carry the top timber rail of the guide rail system off the bridge
’ to create a timber approach rail
LLC
Industry We are often asked for an all wood
Consultant Wheeler approach rail to match the bridge
Lumber, rail. Currently the most common -
LLC systems are steel or steel backed
systems.
slopes 3:1 or steeper and whether
Indiana such slopes may be acceptable at a i
specific test level or a lower test
level
MnDOT uses a Type 31 guardrail system. The Type 31 guardrail system
was developed to meet the MASH TL-3. It's 31" in height with a Thrie-
Minnesota - Beam connection at the bridge, and transitions to a W-Beam away from
the bridge. MASH approved connection details for our type 31 guardrail
to all MASH TL-2 & TL-4 timber rail systems will be needed.
State
Government CSOUt.h - Timber curb to concrete curb on roadway
arolina
Timber bridge railings are usually
Virginia used for timber bridges with low Need a transition to 31" MGS or a timber termination
traffic volume
Alaska Considerations for snow removal Durability

Td
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Table B-19. Question 5 Summary: Special Site Conditions or Transition/Termination Features (continued)

Res_;lj_;)lggent Reép%rllj(:loent Special Site Conditions Special Transition/Termination Features
Low strength soils to frozen ground in the
North Dakota winter time at 1:1 to 4:1 inslopes i
State Most of our timber bridges are in very rural . . . N .
Government areas with poor slope conditions (2:1 or even Our standard guard rail to bridge rail transition uses thrie beam
Louisiana 1:1) Whi?e not a Frje Uirement. a tfansi tion so having a thrie beam rail makes such a transition very easy
that' MR \?v ith stoep ,slide slopes and would be our preferred choice. That bging said, LADOTD
would be beneficial would be open to other options.
Federal Bureau of Main thing Reclamation needs is better
: guidelines for when approach guardrail is -
Government | Reclamation needed

Td
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Table B-20. Deck Type vs. Test Level Requests: Low-Height, Curb-Type System

Requests

Deck Type

_|
KN
_|
N
_|
I
_|
I

Ol |Oo|O(Rr|FR|RL [N

LG
LN
LSp
LSt
TG
TN
Concrete
Other 1
LG — Longitudinal, Glulam Timber
LN — Longitudinal, Nail-Laminated Timber
LSp — Longitudinal, Spike-Laminated Timber
LSt — Longitudinal, Stress-Laminated Timber
TG — Transverse, Glulam Timber
TN — Transverse, Nail-Laminated Timber

o|llwikr|ININ|IN|T

o|lo|rRr |||

RlRrlwINdNDwiINd(N|T

Table B-21. Deck Type vs. Test Level Requests: Timber Railing without Curb System

Requests

Deck Type

_|
KN
_|
N
_|
I
_|
A

RlRrR|IRlwwWw|IN [N

LG
LN
LSp
LSt
TG
TN
Concrete
Other 0
LG — Longitudinal, Glulam Timber
LN — Longitudinal, Nail-Laminated Timber
LSp — Longitudinal, Spike-Laminated Timber
LSt — Longitudinal, Stress-Laminated Timber
TG — Transverse, Glulam Timber
TN — Transverse, Nail-Laminated Timber

oW |ININ|IN|T

OlRr|wNdINVwlw|w |
Ol IFPIWINIFR|IFR|lw|C
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Table B-22. Deck Type vs. Test Level Requests: Timber Railing with Curb System
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Requests

Deck Type

_|
KN
_|
-
-
w

2 T

LG

LN

LSp

LSt

TG

TN

oOlwlr|lOo|O|r ||

Concrete

A lo|lo|lojw|w|o|v
NN O|IDMlo|lw|~

Other 1

LG — Longitudinal, Glulam Timber

LN — Longitudinal, Nail-Laminated Timber
LSp — Longitudinal, Spike-Laminated Timber
LSt — Longitudinal, Stress-Laminated Timber
TG — Transverse, Glulam Timber

TN — Transverse, Nail-Laminated Timber

Table B-23. Deck Type vs. Test Level Requests: W-Beam System

Requests

Deck Type

_|
KN
_|
-
_|
-
w

2

-
A

LG

LN

LSp

LSt

TG

TN

RN (N|olR|R|R|E

Concrete

PO lWWIRAO
RPIW|IEARPWWIN|DN

Other 1

Rlo|lkRr|kr|lolkRr|ik|L]|TC

LG — Longitudinal, Glulam Timber

LN — Longitudinal, Nail-Laminated Timber
LSp — Longitudinal, Spike-Laminated Timber
LSt — Longitudinal, Stress-Laminated Timber
TG — Transverse, Glulam Timber

TN — Transverse, Nail-Laminated Timber
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Table B-24. Deck Type vs. Test Level Requests: Thrie Beam System

Requests

Deck Type

_|
KN
_|
-

2

—
@
—
A

O|o|lwWw| [k W|TT

LG
LN
LSp
LSt
TG
TN
Concrete
Other 0
LG — Longitudinal, Glulam Timber
LN — Longitudinal, Nail-Laminated Timber
LSp — Longitudinal, Spike-Laminated Timber
LSt — Longitudinal, Stress-Laminated Timber
TG — Transverse, Glulam Timber
TN — Transverse, Nail-Laminated Timber

RNk |o|lo|k|R]|r

Rlojw|lkriINdNdINdN|T

RPN IWOINDNINW|W

Table B-25. Deck Type vs. Test Level Requests: Steel-Backed Timber System

Requests

Deck Type

_|
KN
_|
N
_|
I
_|
A

olNvwINviw|lw|lw|w |

LG
LN
LSp
LSt
TG
TN
Concrete
Other 0

LG — Longitudinal, Glulam Timber

LN — Longitudinal, Nail-Laminated Timber
LSp — Longitudinal, Spike-Laminated Timber
LSt — Longitudinal, Stress-Laminated Timber
TG — Transverse, Glulam Timber

TN — Transverse, Nail-Laminated Timber

o|lo|lo|lo|o|o|o |

R (INRRRP|IR(R|N|
Ol |wIxINMININ| M|
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Table B-26. Deck Type vs. Test Level Requests: Other Systems
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Requests

Deck Type

_|
KN

—
Y

—
@

-
A

LG

LN

LSp

LSt

TG

TN

Concrete

o|lo|lo|lo|o|o|o|

Other

0

o|lo|lo|o|o|lo|lo|o|™

ol |Oo|lO|0C|O|—|O|

o|lrr|O|O|OC|O|—|O|™

LG — Longitudinal, Glulam Timber
LN — Longitudinal, Nail-Laminated Timber

LSp — Longitudinal, Spike-Laminated Timber

LSt — Longitudinal, Stress-Laminated Timber

TG — Transverse, Glulam Timber

TN — Transverse, Nail-Laminated Timber
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Appendix C. System Details
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NINIWUN STRUCTURE LENGTH REOUIRED = 22°-4*

TRANSITION LENGTH FRON BRIDGE RAIL TO GUARDRAIL =

[0 L.

6% " x 104" GLULAY
TIMBER RAIL (TYP.)

6 x 10* x 9" -11% * (NOMINAL)
ROUGH SAWN TINBER RAIL (TYP.)

PLAN

SCALE 13" = 1'-0"
MINIMUM BRIDGE RAIL LENGTH = 18" -9*

TRANSITION LENGTH FRON BRIDGE RAIL TO GUARDRAIL = 16"

1S REQUIRED, RUER
IUW NOTES 3 AND

CUT BOTTON OF GLULAN RAIL—
TO NATCH TIMBER GUARDRAIL H

1
=
|

‘—‘* s x ||'/, X 3'-0" LONG
SCUPPER BLOCK

S
% y
5% " x 11% " GluAN TIMBER CURB ”w‘

(TYP, - NOTCH OUT CURB AROUND POST)

REFER TO “END DECK POST ELEVATION'

6" x ¢°-6" x %"~
STEEL RAIL (TYP.] °

PROPOSED STRUCTURE

5/,- x u'/; P

1-0° NIN, G
¢ )
L

NININUN ALLOWABLE OFFSET FROM END OF

1B ENTCS {1
(TYP,)” SCUPPER BLOCK TO BACKFACE OF STRUCTURE

SCALE :%

/— REFER T0 'NIDOLE DECK POST ELEVATION'

REFER TO *MISCELLANEQUS TINBER GUARDRAIL
& TRANSITION GUARDRAIL DETAILS® SHEET
FOR ADDITIONAL INFORMATION ( TYP.)

. - — R - REFER TO * MISCELLANEQUS TINBER GUARORAIL
REFER TO DETAIL “ & " y TRANSITION GUARDRAIL DETAILS’ SHEET
PROPOSED Bélm DECK ‘ FOR ADDITIONAL INFORMATION (TYP.)
1 ] ] !
pE— . @ g e : ,§ == =
«’IIﬁER GUARDRA IL. 10°-0* 2 [i -3 o ol = I ol - -3 6-3" 10°-0* TI“H GUARDRA L.
10758 ole So- | TRANSITION LENGTH FROW BRIDGE RAIL TO GUARDRAIL = 16%-3" WINIMM BRIDGE RAIL LENGTH = 18'-9" TRANSITION LENGTH FROM BRIDGE RAIL TO GUIRDRAIL = 16°-3= 07 0" cfc SPL.
N (PAYMENT LIMITS FOR ITEN 725502) CPAYMENT LIMITS FOR |TEM 7205641 » (PAYMENT LIMITS FOR ITEN 7255020
RAILING NOTESt

I, THESE DETAILS MEET THE REQUIREMENTS FOR PERFORNANCE LEVEL | (PL-1) 4 AS OUTLINED IN THE AASHTO
GUIDE SPECIFICATIONS FOR BRIDGE RAILINGS. THIS RAILING HAS ALSO BEEN CERTIFIED BY FHWA TO MEET
REOUIREMENTS TEST LEVEL 2 (TL-2) IN ACCORDANCE WITH NCHRP REPORT 350.

2. CURBS AND POST CONNECTIONS, AS ATTACHED TO THE CONCRETE DECK, SHALL UTILIZE CONNECTIONS SUCH
AS EMBEDDED STUDS, BOLTED INSERTS OR ANCHORS. THE MINIMUM ULTIMATE SHEAR CAPACITY OF EACH
CONNECTION SHALL NOT BE LESS THAN 16,000 POUNDS. INTERNAL RE INFORCEMENT OF THE CONCRETE DECK
SHALL BE DESIGNED ACCORDINGLY TO RESIST THESE ULTIMATE LOADS.

3. CURB AND RAIL SPLICES SHALL BE LOCATED SO THAT CURB AND RAIL MEMBERS ARE CONTINUOUS OVER NOT
LESS THAN TWO POSTS. CURB SPLICES SHALL BE LOCATED A MINIMUM OF 1.5 POST SPACINGS AWAY FROM
RAIL SPLICES. IT IS RECOMMENDED THAT GLULAM RAILS BE CONTINUOUS OVER THE LENGTH OF THE BRIDGE.

4. TOPS OF RAIL POSTS AND ANY RAIL SPLICE PLATE SLOT SHALL BE SEALED WITH ROOFING CEMENT, COVERED
WITH A COPPER CAP THAT IS SECURED WITH COPPER NAILS, TO PROVIDE PROTECTION FRON THE WEATHER.

5. FOR ADDITIONAL FABRICATION DETAILS, REFER TO THE ‘NISCELLANEOUS GUARDRAIL DETAILS' SHEET FOR
INFORMAT 10N,

67 x 10" x 3"-11'5" (NOMINAL)
ROUGH SAWN TIMBER RAIL

%" DIA. DOME HEAD BOLT WITH-
HEX NUT AND WASHER (TYP.)

8%
(TYP.1

- 3
(TYP.)
el x 10k G
TINGER

6" x 9-6" x " —
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DECK POST GLULAW T 1UBER RAIL - =
ATTACHUENT WILL BE SIMILAR T S }
TO THE 'TIMBER GUARDRAIL TO ;Et .

TRANS IT 10N GUARDRAIL END

POST' ATTACHMENT. REFER TO
THE *WISCELLAKEQUS TIMBER
GUARDRAIL & TRANSIT 10K
GUARDRAIL DETAILS® SHEET
FOR ADDIT JONAL I NFORMAT 10K,

—6LULAM-TIWBER CURB

2-8

PROPOSED DECK SLAB
(AS PER DESIGN)

TO BACK SHEAR PLATES
GLULAM TINBER
SCUPPER BLOCK

4" DIA. SHEAR
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£ GLUka TIWBER POST
£
&
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&)

SECTION VIER
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ADDENDUMS / REVISIONS

PROPOSED DECK SLAB
OVER PROPOSED STRUCTIRE

BACK ELEVATION

SCALE t3 " = 1'-0
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DETAIL ' A'
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73 ===
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END
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REFER TO "RAILING NOTES 2'
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HILT1 VA JHESIVE MR SYSTEM
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MMD EOQUAL (TYP.)

DECK POST ELEVATION

SCALE ¢ 1" = |I"-0"

PROPOSED _
‘SUPERS TRUC TURE

TINBER SCLPPIER BLOCK

4% DIA. SPLIT RINGS OR—

BACK TG BACK SHEAR REFER TO "RAILING NOTES 2'

o
(TYP 1 (TYP)

FRIER 18] T HILTI KA ADIESIVE MR SysTew.
4" DIA, SHEAR | R L. WITH ¥ " DIA. "HAS' ANCHOR Rf
PLATES (TYP.) APPROVED EQUAL (TYP.)

MIDDLE DECK POST ELEVATION

SCALE 1 1" = |"-0"

s34 o

“ DELAWARE
DEPARTMENT OF TRANSPORTATION [——

OVER MIDDLE RUN

BR 1-221
ON N301 PLEASANT HILL ROAD ToRTY

120007103 n

WNED 7 OB TIMBER BRIDGE RAIL

MW CASTLE WECKT 50 48 =

Figure C-1. Delaware DOT Drawing Set of Timber Railing with Curb System and Steel-Backed Timber Transition
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Figure C-2. Delaware DOT Drawing Set of Timber Railing with Curb System and Steel-Backed Timber Transition (continued)
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Figure C-3. Delaware DOT Drawing Set of Timber Railing with Curb System and Steel-Backed Timber Transition (continued)
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	Introduction
	This survey pertains to FPL Project No. 18-JV-11111107-037, Evaluation of Crash Tested Bridge Railing for Wood Bridges. Your participation is vital to the research team and advisory panel.  The survey will:
	 identify commonly-used bridge railing systems for wood bridges;
	 help researchers and panel members select currently-implemented systems for future evaluation under the AASHTO MASH impact safety criteria;
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	This survey consists of five questions, each of which pertain to bridge railing systems for use on wood bridges, as well as their approach guardrail transitions or end terminations. For the purpose of this survey, we are defining a wood bridge as a br...
	The primary survey participant shall complete the following information:


	Example Bridge Railing Systems
	Question 1 of 5: Bridge Railing Systems Currently In Use
	1) What types of bridge railing systems are currently installed on wood bridges? If you are a consultant, please denote any bridge railing systems that you have designed, constructed, or recommended for use in the field. If you are a representative of...
	System 1:*
	System Description:*
	Deck Type:*
	Crash-Tested:*
	Additional information can be provided using the electronic document upload link.

	System 2:*
	System Description:*
	Deck Type:*
	Crash-Tested:*
	Additional information can be provided using the electronic document upload link.

	System 3:*
	System Description:*
	Deck Type:*
	Crash-Tested:*
	Additional information can be provided using the electronic document upload link.

	System 4:*
	System Description:*
	Deck Type:*
	Crash-Tested:*
	Additional information can be provided using the electronic document upload link.

	System 5:*
	System Description:*
	Deck Type:*
	Crash-Tested:*
	Additional information can be provided using the electronic document upload link.

	System 6:*
	System Description:*
	Deck Type:*
	Crash-Tested:*
	Additional information can be provided using the electronic document upload link.

	System 7:*
	System Description:*
	Deck Type:*
	Crash-Tested:*
	Additional information can be provided using the electronic document upload link.

	System 8:*
	System Description:*
	Deck Type:*
	Crash-Tested:*
	Additional information can be provided using the electronic document upload link.

	System 9:*
	System Description:*
	Deck Type:*
	Crash-Tested:*
	Additional information can be provided using the electronic document upload link.

	System 10:*
	System Description:*
	Deck Type:*
	Crash-Tested:*
	Additional information can be provided using the electronic document upload link.
	For each system, please estimate the percentage of systems installed. The total MUST add up to 100%.*


	Question 2 of 5: Updates to Current Bridge Railing Systems
	2) Is it desirable to update any of the bridge railing systems listed in Question 1 to current AASHTO MASH impact safety criteria? If so, please indicate which test level(s) is/are desired.*
	System 1*
	System 1 - Test Level(s) Desired:*
	System 2*
	System 2 - Test Level(s) Desired:*
	System 3*
	System 3 - Test Level(s) Desired:*
	System 4*
	System 4 - Test Level(s) Desired:*
	System 5*
	System 5 - Test Level(s) Desired:*
	System 6*
	System 6 - Test Level(s) Desired:*
	System 7*
	System 7 - Test Level(s) Desired:*
	System 8*
	System 8 - Test Level(s) Desired:*
	System 9*
	System 9 - Test Level(s) Desired:*
	System 10*
	System 10 - Test Level(s) Desired:*

	Due to your answer to Question 1, you do not need to answer Question 2. Please click "Next" below to continue to the next question.

	Question 3 of 5: Past Bridge Railing System Developments
	3) An attached document depicts schematics and photographs of bridge railing systems for wood bridges that have been developed and crash tested in the past. Each new page is representative of a family of systems, and there are 6 families in total. The...
	3-1. Low-Height, Curb-Type Bridge Railing*
	Deck Type(s):*
	Test Level(s) Desired:*
	3-2. Timber Railing without Curb*
	Deck Type(s):*
	Test Level(s) Desired:*
	3-3. Timber Railing with Curb*
	Deck Type(s):*
	Test Level(s) Desired:*
	3-4. W-Beam Railing*
	Deck Type(s):*
	Test Level(s) Desired:*
	3-5. Thrie Beam Railing*
	Deck Type(s):*
	Test Level(s) Desired:*
	3-6. Steel-Backed Timber Railing*
	Deck Type(s):*
	Test Level(s) Desired:*


	Question 4 of 5: Additional Bridge Railing System Information
	4) Please provide any available details for bridge railing systems that are desirable for development that have not been previously mentioned in this survey. This information would include general system details, along with deck type(s) and test level...
	Number of New Systems:*
	New System 1:*
	General Details:
	Deck Type(s):*
	Test Level(s) Desired:*
	Additional information can be provided using the electronic document upload link.

	New System 2:*
	General Details:
	Deck Type(s):*
	Test Level(s) Desired:*
	Additional information can be provided using the electronic document upload link.

	New System 3:*
	General Details:
	Deck Type(s):*
	Test Level(s) Desired:*
	Additional information can be provided using the electronic document upload link.

	New System 4:*
	General Details:
	Deck Type(s):*
	Test Level(s) Desired:*
	Additional information can be provided using the electronic document upload link.

	New System 5:*
	General Details:
	Deck Type(s):*
	Test Level(s) Desired:*
	Additional information can be provided using the electronic document upload link.

	New System 6:*
	General Details:
	Deck Type(s):*
	Test Level(s) Desired:*
	Additional information can be provided using the electronic document upload link.

	New System 7:*
	General Details:
	Deck Type(s):*
	Test Level(s) Desired:*
	Additional information can be provided using the electronic document upload link.

	New System 8:*
	General Details:
	Deck Type(s):*
	Test Level(s) Desired:*
	Additional information can be provided using the electronic document upload link.

	New System 9:*
	General Details:
	Deck Type(s):*
	Test Level(s) Desired:*
	Additional information can be provided using the electronic document upload link.

	New System 10:*
	General Details:
	Deck Type(s):*
	Test Level(s) Desired:*
	Additional information can be provided using the electronic document upload link.

	Deviations or Modifications to Existing Bridge Railing Systems:*
	Additional information can be provided using the electronic document upload link.


	Question 5 of 5: Approach Guardrail Transition Information
	5) When either connecting guardrail to bridge rail ends or terminating a bridge rail, are there any special site conditions or features that should be considered in the approach guardrail transition or bridge rail termination? For example, these consi...
	Special Site Conditions:
	Special Transition or Termination Features:
	Additional information can be provided using the electronic document upload link.


	Additional Contact Information
	If other personnel should be contacted regarding the information provided in this survey, please list their contact information below. This list can include individuals who helped to provide content for this survey or could provide further information...

	Thank You!
	Thank you for taking our survey. An email confirming your response submission has been sent to your account. If you do not receive an email within a few minutes, please check your spam folder.

	Appendix B. Survey Data
	Appendix C. System Details


