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EXECUTIVE SUMMARY

The Wyoming Department of Transportation (WYDOT) seeks to design, develop, and full-scale crash test
a box-beam guardrail system to shield fixed objects and bridge ends in narrow medians. Proposed design
concepts provided by WYDOT are composed of roadside and median box-beam guardrails, a roadside
box beam end terminal, and box beam approach guardrail transitions. In order to limit the overall length of
the installation, it is proposed to flare the installation. This type of barrier configuration poses several
challenges that have not been addressed in previous testing of box-beam systems including non-traffic
side or backside impacts on roadside box-beam guardrail and box-beam end terminals as well as impacts
on flared box-beam systems. WYDOT is requesting assistance in developing an effective configuration
for shielding of fixed objects and bridge ends in narrow medians and evaluation of the system in critical
areas where the performance of the box beam barriers is currently undefined. WYDOT desires that the
box-beam guardrail configuration be designed and evaluated to the Manual for Assessing Safety
Hardware (MASH) Test Level 3 (TL-3) criteria.

The Midwest Roadside Safety Facility (MwRSF) at the University of Nebraska — Lincoln is a long-standing
research group focused on roadside safety and has come to be recognized as a global leader in the
development of crashworthy safety structures and roadside safety guidance for over 30 years. Numerous
safety features developed at the facility have been adopted nationwide, including many of the most
common and successful barrier systems in use on roads today. These systems include the Midwest
Guardrail System (MGS), the thrie beam bullnose, the F-shape portable concrete barrier, various bridge
rails and approach guardrail transitions, and other devices. These new safety features have saved the
lives of countless motorists across the nation. MWRSF is also a full-service testing laboratory that offers
compliance testing, design, redesign, failure analysis, and component testing of roadway and roadside
appurtenances. MWRSF’s testing experience includes performance testing of guardrail, bridge rails, noise
walls, concrete barriers, delineators, luminaries, mailboxes, work zone sign supports, and component
testing of post designs, break-away and slip bases, as well as materials testing. MWRSF is an ISO/IEC
17025:2005 Accredited Laboratory. In 2009, MWRSF was approved for accreditation by the American
Association for Laboratory Accreditation (A2LA) in the field of safety performance evaluation of highway
features and vehicle testing of crash barriers for the tests identified in the Scope of Accreditation. Finally,
MwRSF is the home of the Midwest Pooled Fund Program. The Midwest Pooled Fund Program is a
collaborative program between state DOTs and MwRSF dedicated to fostering roadside safety research.

MwRSF has prepared a research proposal in response to Wyoming Request for Proposal (RFP):
Development and Evaluation of a Box-Beam Barrier Configuration for Shielding Fixed Objects and Bridge
Ends in Medians. MWRSF proposes to conduct a detailed literature review of current box-beam barrier
options for use in the system development. MWRSF will then develop a proposed design configuration to
meet WYDOT needs. MWRSF will then full-scale crash test and evaluate the WYDOT narrow-median
box-beam guardrail to MASH TL-3 through a series of six full-scale crash tests, detailed herein. MWRSF
researchers will identify critical impact conditions for the evaluation of the narrow-median box-beam
guardrail, install sections of the narrow-median box-beam guardrail at the MWRSF Outdoor Test Site and
Proving grounds, and conduct six full-scale crash tests on the system. MWRSF researchers will analyze,
document, and summarize the test results and provide evaluation of the narrow-median box-beam
guardrail performance in summary reports. In the event of failure of one of the crash tests, MWRSF will
review the failed test and provide potential design modifications to improve the device performance and
recommend additional research needs for further study.

The research effort to evaluate the WYDOT narrow-median box-beam guardrail will be performed over a
three-year time period. The work will be completed by June 30, 2026. The proposed budget for this
research effort to evaluate the WYDOT narrow-median box-beam guardrail is $799,998.00.



FY2024-WY-1-BOX: DEVELOPMENT AND EVALUATION OF BOX-BEAM BARRIER CONFIGURATION
FOR SHIELDING FIXED OBJECTS AND BRIDGE ENDS IN MEDIANS

STATE’S PROBLEM STATEMENT

The Wyoming Department of Transportation (WYDOT) is seeking to fund the development and testing of
a box-beam guardrail system to shield hazards, such as bridge ends and other fixed hazards, in narrow
medians with a 10:1 slope per side where independent runs of shoulder barrier would not be an option.
The current WYDOT box-beam guardrail standards for shielding hazards are in Figure 1 and 2. As is the
case with narrow medians, however, this would require a barrier that could be impacted on either side
(e.g. box beam median barrier), a crashworthy approach terminal which can be impacted on either side,
and a downstream terminal which would be shielded from upstream impacts.

A proposed design for shielding hazards in narrow medians is in Figure 3. In that design, the sections
tangent to the roadway are roadside box-beam guardrail while the middle section is the median box-beam
guardrail flared at a rate of 15:1. The upstream roadside box-beam guardrail near the center of the
median and the approach terminal would be subject to impact by traffic from both sides of the median. To
date, the roadside box-beam guardrail and approach terminal have not been evaluated for backside
impacts. The median guardrail isn’t feasible for use in the upstream portion of the system near the center
of the median as an approach terminal has not been evaluated for that system with current full-scale
crash test guidelines. The proposed system in Figure 3 was detailed for hazards such as sign supports or
bridge columns in which the guardrail shields the hazard but doesn’t attach directly to it. A scenario in
which the guardrail would attach to a bridge end, for example, would require an approach guardrail
transition (AGT) along with the other components discussed in the proposed design.

BACKGROUND STATEMENT

The system will be comprised of four main components: median box-beam guardrail, roadside box-beam
guardrail, a box-beam end terminal, and a box-beam approach guardrail transition (AGT). The median
box-beam guardrail was approved under NCHRP Report 350 criteria, however NCHRP Report 350 has
since been replaced by MASH. NCHRP Report 350 test level 3 (TL-3) required that longitudinal barriers
be subjected to two tests: (1) Test designation no. 3-10 with the 820C small car weighing 1810 Ibs
impacting the barrier at 62 mph and at an impact angle of 20 degrees; (2) Test designation no. 3-11 with
the 2000P pickup truck weighing 4410 Ibs impacting the barrier at 62 mph and at an impact angle of 25
degrees (2). Under MASH, those criteria were updated: (1) MASH test designation no. 3-10 with the
1100C small car weighing 2425 Ibs impacting the barrier at 62 mph and at an impact angle of 25 degrees;
(2) MASH test designation no. 3-11 with the 2270P pickup truck weighing 5000 Ib impacting the barrier at
62 mph and at an impact angle of 25 degrees (2). As compared to NCHRP Report 350 criteria, MASH
criteria requires heavier vehicles and an increased impact angle for the small car. Moreover, in the
proposed configuration, the median box-beam guardrail is flared at a rate of 15:1, making the impact
angle 28.1 degrees rather than 25 degrees. The AASHTO Roadside Design Guide (RDG) provides flare
rate guidance that has been used previously, but that guidance was based on NCHRP Report 350
guidelines (3). As such, the RDG flare rate guidance does not take into account the heavier MASH
vehicles and the increase in the small car impact angle under MASH. There are inherent issues
associated with testing flared barriers given the additional energy imparted into the system. For the small
car, vehicle capture and underride, occupant impact velocity (OIV), and occupant ride down accelerations
(ORA) are of concern. For the pickup truck, increased barrier impact loading and vehicle capture are
potential concerns. The combination of heavier vehicles in the current MASH test vehicle fleet along with
the increase in small car impact angle warrant full-scale crash testing.

The roadside box-beam guardrail has been tested to MASH criteria. However, testing was conducted with
impacts to the traffic side and not the backside. In the proposed design, the roadside box-beam guardrail
will be subjected to backside impacts. That system is asymmetric with posts on the backside only. Vehicle
interaction with a post prior to loading a rail element could lead to improper capture of the vehicle or
wheel snag which can cause excessive OIVs, ORAs, or occupant compartment intrusion. As the roadside



box-beam guardrail has not been tested on the backside, full-scale crash testing of that system is
required to evaluate crashworthiness in that loading scenario. Note that current WYDOT box-beam
standard plans include flared roadside box-beam guardrail, however, flared roadside box-beam guardrail
has not been evaluated to MASH TL-3 criteria.

Lastly, the box-beam end terminal selected for the proposed design has been MASH-tested, however, all
impacts were on the traffic side and not the backside. In the proposed design, the terminals will be
subjected to backside impacts. That end terminal is asymmetric with a breaker bar on the traffic side and
all posts are on the backside other than the first two posts. Vehicle interaction with a post prior to loading
a rail element could lead to improper capture of the vehicle or wheel snag which can cause excessive
OlVs, ORAs, or occupant compartment deformation. Further, the impact head and cable anchor release
may be affected in a negative manner by backside loading. As such, the end terminal requires full-scale
crash testing prior to installation in a narrow median.

Current WYDOT box-beam guardrail standard plans in Figure 1 and 2 have not been evaluated for
narrow median applications, and in some cases, were tested and evaluated to full-scale crash test
standards that are now outdated. Successful completion of proposed research tasks would provide
WYDOT a MASH-tested system that can be implemented into box-beam standard plans.

Research outlined herein will focus on developing a configuration that limits potential unknowns within the
system. Full-scale testing will be used to evaluate potential concerns with the flared median box beam
guardrail and backside impacts on roadside box beam and the MBEAT. Further details on the testing of
these devices are in the Literature Review section of this proposal.

LITERATURE REVIEW

The median box-beam system is constructed with S3x5.7 steel posts spaced 6 ft on center, with an
embedment depth of 30 in. (Figure 4). The 6-in. tall x 8-in. wide box beam mounts centered above the
posts with the beam top mounting heights ranging from 26 to 30 in (4-7). The WYDOT median box-beam
system has not yet been tested to MASH criteria, although, the system was issued an FHWA eligibility
letter based on NCHRP Report 350 criteria (8). However, the State of New York is preparing to test the
current median box-beam system used by WYDOT. The impact angle for that test series will be 25
degrees, however, and will not be sufficient to deem the median box beam system crashworthy when
impacted with a flare rate of 15:1.

MwRSF successfully tested the Midwest Guardrail System (MGS) at flare rates of 13:1, 7:1, and 5:1,
under NCHRP Report 350 TL-3 criteria (9). Those flare rates were effective impact angles of 29.4, 33.2,
and 36.5 degrees respectively for the pickup truck and 24.4, 28.2, and 31.5 degrees, respectively for the
small car. TTI has an ongoing study in which several flare rates have been tested on the MGS to MASH
TL-3 but have yet to achieve a successful 11:1 flare-rate crash test. An 11:1 flare rate is an effective
impact angle of 30.2 degrees. Successful crash tests at a flare rate of 5:1 under NCHRP Report 350
criteria and unsuccessful crash tests at a flare rate of 11:1 under MASH criteria underscores the increase
in impact severity caused by differences between NCHRP Report 350 and MASH vehicle weights and the
small car impact angle.

TTI has completed the testing of the roadside box-beam system to MASH TL-3 criteria. For MASH test
no. 3-11, the weak-post box-beam guardrail system was constructed with S3x5.7 steel posts spaced 6 ft
on center, with an embedment depth of 36 in. (10). The box beam was 6 in. x 6 in. x 3/16 in. supported by
angle brackets bolted to posts. The box beam had a top mounting height of 27 in. A cross-section
schematic of the system is in Figure 5. This system is asymmetric with posts on the backside only. The
system tested to MASH 3-10 was similar to the one tested to MASH 3-11 criteria, except the box beam
had a top mounting height of 28 in., as opposed to 27 in. Both tests conducted on the traffic side of the
system. An FHWA eligibility letter was issued for this system (11). To date, the roadside box beam
system has only been tested on the traffic side.



End treatment hardware for the roadside box-beam section near the center of the median will be the
MBEAT box-beam approach terminal (Figure 6). This end terminal is currently the only MASH-compliant
box-beam end treatment (12). The MBEAT terminal was designed and tested for 6-in. tall x 6-in. wide
box-beam end treatment, and not for 6-in. tall x 8-in. wide box beam. The impact head is 20 in. x 20 in. It
is supported by two breakaway posts that are connected by a strut, and S3x5.7 posts. The terminal is 15
ft in length with a top rail height of 28 in and is asymmetric with a breaker bar on the traffic side and all
posts are on the backside other than the first two posts. This system was only tested with traffic-side
impacts, and not backside impacts. As the MBEAT is proprietary, the test report was not readily available.
Recall that the median slopes are typically 10:1 per side. Note that a 10:1 slope is typically considered
equivalent to level terrain for barrier performance. Initial efforts would focus on level terrain for testing and
evaluation; however, additional efforts may be warranted to confirm system crashworthiness at a slope of
10:1.

OBJECTIVES

The objective of this research effort is to develop, crash test, and evaluate the WYDOT narrow-median
box-beam guardrail system according to the TL-3 safety performance criteria found in MASH. The
outcome of this study will be a flared, minimal-length, cost-effective, narrow-median box-beam guardrail
system. The system will be available for WYDOT and other state DOTs to implement into box-beam
standard plans immediately upon project closing.

Funding of this research effort will bolster two of the goals listed in the WYDOT Guiding Principles. One
WYDOT goal achieved by completion of this study is to provide safe, reliable, and effective transportation
systems. Installation of the WYDOT narrow-median box-beam barrier system on the roadway will improve
occupant safety in two ways. First, the proposed system is flared, which not only reduces the overall
length of the system but also moves the system away from the roadway, decreasing the frequency of
impact from errant vehicles. Second, if an impact does occur, the system will be designed, tested, and
evaluated in a narrow-median configuration to current MASH TL-3 crash test safety criteria. This system
will serve as a crashworthy option that currently isn’t included in WYDOT box-beam standard plans.

The second goal achieved by completion of this study is to encourage and support innovation. Research
detailed herein will require the integration of four different roadside safety devices into a single,
crashworthy system. This type of barrier configuration poses several challenges that have not been
addressed in previous testing of box-beam systems including backside impacts on roadside box-beam
guardrail and box-beam end terminals as well as impacts on flared box-beam systems. Innovation will be
required to not only to ensure the crashworthiness of these systems tested in different configurations, but
also to ensure the transition from one system to another is also crashworthy.

To reiterate, flared barriers reduce the overall system length and amount of barrier immediately adjacent
to the roadway when compared to tangent systems. As such, a flared system improves installation time
and efficiency while minimizing labor and material cost. Moreover, because flared systems decrease the
frequency of impacts, accident costs and repair costs are also reduced.

BENEFITS

The successful testing and evaluation of the WYDOT narrow-median box-beam guardrail would provide
Wyoming and other state DOTs with a MASH-tested option for shielding hazards in narrow medians.
Completion of research efforts detailed herein will provide a minimal-length, cost-effective, narrow-median
box-beam guardrail system that will reduce frequency of impacts and increase occupant safety. Once all
reports have been finalized and distributed, WYDOT can integrate system drawings into box-beam
guardrail standards plans.



APPLICABLE QUESTIONS

e Are there any potential barriers to implementation (e.g. material, technology, vendors,
legal/regulatory, public perception)? For each potential barrier, identify strategies to mitigate
these potential barriers.

o No

e What is the expected period for implementation?

o Upon successful completion of the project, WYDOT will have the ability to
implement this system immediately.

e Does the project involve action on Federal lands or other conditions that will require National
Environmental Policy Act (NEPA) documentation (e.g. Categorical Exclusion or Environmental
Assessment), and/or forest service or other permits?

o No

e What are the major uncontrollable factors and/or unknowns in the project such as weather,
wildlife, material properties, traffic, etc.? For each uncontrollable factor, address whether there
could be additional costs or delays.

o None that MWRSF is currently aware of.

e Should the project be segmented into phases with go/no-go decision points based on known
unknowns (e.g. technology, partnerships, regulatory)?

o Yes. Separating the project into phases allows the project to be halted or modified
based on the results of each phase. For example, a test failure in Phase Il may
result in rescoping of the effort to address the failure or halting of the research.

e If the project involves evolution of one or more technologies, is a technology road map provided
showing how these technologies fit together?

o This project does not involve the evolution of one or more technologies.

e Will a Buy American Waiver be necessary?

o No
e Will any data produced by this project be considered confidential or sensitive?
o No
o Will the data and/or report from the final project be copyrighted, patented, or trademarked?
o No
STATEMENT OF WORK
WORK PLAN/SCOPE

Research efforts detailed herein were divided into three phases. Separating the project into phases
allows the project to be halted or modified based on the results of each phase. For example, a test failure
in Phase Il may result in rescoping of the effort to address the failure or halting of the research. Phase |
involves a literature review, development and selection of a barrier design configuration for further
evaluation, and a summary report. Phase Il would entail the testing of the median box-beam guardrail at a
flare rate of 15:1 and a summary report. Lastly, Phase lll includes full-scale backside crash testing of the
roadside box-beam guardrail and MBEAT and a summary report.

All full-scale crash tests outline in this proposal will be conducted according to MWRSF’s list of accredited
testing services granted by the A2LA laboratory accreditation body (A2LA Cert. No. 2937.01).

MwRSF will follow the requirement for Final Reports set out in the Research Development, Technology
Transfer, and Data Management Guidelines for the Wyoming Department of Transportation, Chapter 10,
Subsection 10.1.3, Final Report.

Phase |

Research efforts to develop a MASH TL-3 narrow-median box-beam guardrail will begin with a literature
review. Literature of interest will involve roadside and median box-beam guardrail, MBEAT terminal, box-
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beam AGTs, flared barrier, and backside barrier testing. Also included in the literature review is a search
for existing roadside-to-median and flared-to-tangent box-beam transitions. The goal of the literature
review is to evaluate lengths of need, flare rates, working widths, barrier component placement, ability to
transition to other barrier types such as cable barriers, and barrier and end terminal crashworthiness on
slopes. WYDOT currently requires 50 ft of additional guardrail to be placed downstream of approach
terminals when the flare rate exceeds 25:1. This will also be investigated during the literature review. If it
is determined upon review of the MBEAT that certain modifications are evident that would improve the
backside impact performance of the MBEAT, MWRSF would attempt to work with the MBEAT
manufacturers to address those modifications and implement them into the system prior to testing.
Potential transitions between the tangent and flared box beam will also be included in the literature review
to determine if recommendations could be made regarding those areas or if further study may be needed.
These transitions may pose concerns due to the local change in the angle of the system. Evaluation of
the angled transitions through full-scale crash testing, if needed, is outside of the scope of the current
proposal, however the review of background material and potential concerns will be a part of the study.

Following the literature review, design criteria will be established and will aid in developing preliminary
design concepts. Preliminary design concepts developed in the study will likely assume a similar
configuration as the proposed design in Figure 3. However, WYDOT has expressed interest in a “closed
loop” design in which the shielded hazard is fully enclosed by guardrail. The closed loop design would
include the development of a Y-type connection between sections of roadside and median box-beam
systems, or a design for the lapping of a downstream terminal with an upstream terminal. The closed loop
type of design will be considered in research efforts outlined herein; however, the main focus of this work
will be on the proposed design configuration.

Simplified CAD drawings of the preliminary concepts will be compiled and presented to WYDOT for
feedback and selection of a preferred concept. Once the preferred concept is selected, full-scale crash
testing needs will be determined, and the simplified drawings will then be used to create detailed CAD
drawings. Upon completion of detailed CAD drawings, a report including the literature search, CAD
details, and recommendations for full-scale crash testing and/or further research will then be compiled
and disseminated.

Major Task List — Phase |

1. Project Planning and Correspondence

a. General project planning and documentation

b. Literature search of roadside box beam, median box beam, MBEAT, box-beam AGTs,
flared barrier testing, backside barrier testing, and roadside-to-median and flared-to-
tangent box-beam transitions
WYDOT review and selection of a concept for further development
Develop CAD details of the final system design for fabrication and testing
e. Sponsor correspondence and update presentations

ao

2. Design and Analysis

a. Design narrow-median box beam guardrail options/configurations based on WYDOT
criteria
Modify the MBEAT design to improve backside impact performance
Simplified 3-D CAD details of preliminary design concepts
Detailed 3-D CAD drawings of the preferred concept selected for further development
Selection of system configuration, test matrix, and CIPs

©cooo

3. Reporting and Project Deliverables
a. Compile summary report to document research effort, including literature review,
CAD details, crash testing, and recommendations for implementation and/or further
research
b. Report editing (internal and sponsor review)



c. Final report submittal for 508 compliance conversion and review
d. Project closing (printing, dissemination, accounting)

Phase |l

After the narrow-median box-beam guardrail configuration is developed in Phase | of the study, full-scale
crash testing will be conducted on critical portions of the selected configuration to as part of the MASH
evaluation. Without Phase | being completed, the desired test configuration and impact conditions remain
unknown. However, it is assumed that the final barrier configuration will include flared median box-beam,
similar to the proposed design in Figure 3. As such, Phase Il will involve full-scale crash testing the 15:1
flared median box-beam guardrail. Although the State of New York is currently planning to crash test the
median box-beam guardrail at 25 degrees, it will need to be tested in a flared orientation for use in the
proposed design. MASH requires that longitudinal barriers be subjected to two tests: (1) MASH test
designation no. 3-10 with the 1100C small car impacting the barrier at 62 mph and at an impact angle of
25 degrees; (2) MASH test designation no. 3-11 with the 2270P impacting the barrier at 62 mph and at an
impact angle of 25 degrees. As the system is flared at a rate of 15:1, the impact angle is increased to
28.8 degrees. Concerns with the flared impact angle for the small car are vehicle capture and system
underride and excessive OlVs, and ORAs. For the pickup truck, barrier loading and vehicle capture are of
concern. Recall that the median slopes are typically 10:1 per side. Note that this is typically considered
equivalent to level terrain for barrier performance. Initial efforts would focus on level terrain for testing and
evaluation; however, additional efforts may be warranted to confirm system crashworthiness at a slope of
10:1.

Upon completion of the full-scale crash tests, test data and videos will be analyzed, and results will be
compared against the MASH requirements. All photos, videos, and other test data will be provided to
WYDOT following the crash testing. A summary report will be written to document all design, testing,
analysis, conclusions, and implementation recommendations pertaining to the WYDOT MASH TL-3
narrow-median box-beam guardrail. A rough draft for the final report will be sent to WYDOT's Research
Manager no later than six (6) weeks prior to the expiration date of the Contract. If full-scale crash testing
of the WYDOT narrow-median box-beam guardrail is unsuccessful, MWRSF researchers will review the
possible causes of the device failure, suggest potential modifications for improving performance, and
recommend additional research needed to further the design and evaluation of the WYDOT narrow-
median box-beam guardrail.

Major Task List — Phase Il

1. Project Planning and Correspondence
a. General project planning and documentation
b. Sponsor correspondence and update presentations

2. Full-Scale Crash Testing of the Median Box-Beam Guardrail Flared at a Rate of 15:1 to MASH
TL-3
a. Construction of the test article — Procure hardware for and assembly of the median
box-beam guardrail at MWRSF’s Outdoor Testing Facility
b. Full-scale testing of median box beam at a 15:1 flare rate
i. 3-10
i. 3-11
Data analysis - Transducer and video analysis for each crash test
System removal - Removal and disposal of system components upon completion of
test matrix
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3. Reporting and Project Deliverables
a. Compile summary report to document research efforts, including CAD details, crash
testing, and recommendations for implementation and/or further research
b. Report editing (internal and sponsor review)
c. Final report submittal for 508 compliance conversion and review



d. Project closing (printing, dissemination, accounting)
Phase Il

To reiterate, without the completion of Phase I, the desired test configuration and impact conditions
remain unknown, although it is assumed that the final barrier configuration will include roadside box beam
and the MBEAT, similar to the proposed design in Figure 3. Upon successful completion of Phase II,
Phase Il will involve MASH test designation nos. 3-10 and 3-11 full-scale crash tests to the backside of
the roadside box-beam guardrail.

Additionally, the MBEAT terminal will be tested in the reverse direction on the backside to MASH test
designation nos. 3-37a and 3-37b. MASH does not require testing of the backside of end terminals in
reverse direction, therefore, these tests are modified versions of test designation nos. 3-37a and 3-37b.
The vehicles for test designation nos. 3-37a and 3-37b are the pickup truck and small car, respectively.

Upon completion of the full-scale crash tests, test data and videos will be analyzed, and results will be
compared against the MASH requirements. All photos, videos, and other test data will be provided to
WYDOT following the crash testing. A summary report will be written to document all design, testing,
analysis, conclusions, and implementation recommendations pertaining to the WYDOT MASH TL-3
narrow-median box-beam guardrail. A rough draft for the final report will be sent to WYDOT's Research
Manager no later than six (6) weeks prior to the expiration date of the Contract. If full-scale crash testing
of the WYDOT narrow-median box-beam guardrail is unsuccessful, MWRSF researchers will review the
possible causes of the device failure, suggest potential modifications for improving performance, and
recommend additional research needed to further the design and evaluation of the WYDOT narrow-
median box-beam guardrail.

Major Task List — Phase Il

1. Project Planning and Correspondence
a. General project planning and documentation
b. Sponsor correspondence and update presentations

2. Full-Scale Crash Testing of the Backside of the Roadside Box-Beam Guardrail to MASH TL-3
a. Construction of the test article — Procure hardware for and assembly of the roadside
box-beam guardrail at MWRSF’s Outdoor Testing Facility
b. Full-scale testing of roadside box beam on the backside
i. 3-10
i. 3-11
c. Data analysis - Transducer and video analysis for each crash test
d. System removal - Removal and disposal of system components upon completion of
test matrix

3. Full-Scale Crash Testing of the Backside of the MBEAT in Reverse Direction to MASH TL-3
a. Construction of the test article — Procure hardware for and assembly of the MBEAT
terminal at MWRSF’s Outdoor Testing Facility
i. Modified 3-37a
ii. Modified 3-37b
b. Data analysis - Transducer and video analysis for each crash test
c. System removal - Removal and disposal of system components upon completion of
test matrix

4. Reporting and Project Deliverables
a. Compile summary report to document research efforts, including CAD details, crash
testing, and recommendations for implementation and/or further research
b. Report editing (internal and sponsor review)
c. Final report submittal for 508 compliance conversion and review



d. Project closing (printing, dissemination, accounting)

Future Research Needs

To date, a downstream terminal for box beam has not been tested to MASH. WYDOT has used two
terminals: a 24-ft turned down terminal anchored to a concrete block and an 8-ft long anchorage, secured
to a post. The State of New York has conducted testing with the latter terminal, to be used in upstream
conditions in which the terminal would be located outside the clear zone and not vulnerable to end on
impacts. WYDOT expressed interest in developing a downstream terminal which could be used with
either roadside or median box-beam guardrails. The design of said terminal would need to be able to
withstand the amount of load generated in an end on impact to the upstream end of a minimal-length
guardrail installation. It is preferred that the terminal does not require a concrete anchor block.

WYDOT also seeks to develop a transition from roadside to median box-beam guardrail. It is desirable
that this transition involves only a connection sleeve from 6 in. x 6 in. to 6 in. x 8 in. box beam.

WORK SCHEDULE

The research effort to design and evaluate the WYDOT narrow-median box-beam guardrail will be
performed over a three-year time period. The work is currently scheduled to begin July 1, 2023, and it will
be completed by June 30, 2026. If the actual start date of the research effort is altered, the start and end
dates would shift accordingly. The schedule of the major tasks outlined in the statement of work is
outlined in the Gantt Charts shown in Table 1 through Table 3. Note that MWRSF will provide quarterly
progress reports every quarter until termination of the project.

BUDGET

The Midwest Roadside Safety Facility (MwRSF) of the University of Nebraska-Lincoln (UNL) conducts
roadside safety research with the Nebraska Department of Transportation (NDOT), the Midwest Pooled
Fund Program (30 years active), as well as many other State Departments of Transportation. Under these
scenarios, the Nebraska Department of Transportation serves as the lead agency due to their long-
standing agreement with the University of Nebraska-Lincoln and the use of a simplified, general
agreement and requirements that are not cumbersome for pre-award and post-award personnel at UNL'’s
Office of Sponsored Programs. State DOT agencies that are willing to work through NDOT and follow the
general terms of the NDOT-UNL agreement, then one potential benefit to the sponsors is the use of a
reduced overhead rate equal to 10%. If the lower overhead rate is desired, the WYDOT would need to
comply with the NDOT-UNL contractual requirements, have NDOT serve as the lead agency contracting
with UNL, and follow the noted NDOT contracting method that 21 other State DOTSs currently utilize,
which then would result in a reduced overhead rate on the proposed research project detailed herein.

If the general and simplified NDOT-UNL agreement will not work for a State agency, then that State
agency would need to contract directly with UNL and comply with UNL’s Office of Sponsored Programs
requirements and contractual language. As a result of this direction, the research project would then be
subject to UNL’s approved overhead rates. Depending on the percentage of the research effort classified
as off-campus (MWRSF outdoor testing site) or on-campus (MwWRSF headquarters), the overhead rates
would either be 26% or 55.5%, respectively, as determined on the entire effort based on which campus
made up more than 50% of the research study. The budget proposed for the research detailed herein
assumes that WYDOT agrees to conduct the research within the terms of the UNL-NDOT agreement and
utilizes an overhead rate of 10%.

The proposed budget for this research effort to evaluate the WYDOT MASH TL-3 narrow-median box-
beam guardrail is $799,998.00. Detailed budget information is shown in Table 4 through Table 9.
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IMPLEMENTATION PLAN

MwRSF will work closely with WYDOT representatives throughout the evaluation of the narrow-median
box-beam guardrail to ensure that the system evaluation meets the needs of WYDOT. Once the WYDOT
narrow-median box-beam guardrail has been crash tested and evaluated, summary reports detailing
research efforts outlined herein, including detailed CAD drawings of the system and test setups, will be
provided to WYDOT. WYDOT can determine the means of integrating the system into standard plans.
MwRSF will continue to provide guidance on various implementation scenarios and will field any
questions that WYDOT may have beyond project closing.

TECHNOLOGY TRANSFER

Once the research effort is completed and the final summary report is supplied to the sponsor, copies of
the photo, video, and sensor data will be provided to the sponsor as digital files in standard formats. The
summary report is supplied in a digital format as well. If the WYDOT agrees, portions of the test data and
the summary report are archived on the MWRSF website for access to the roadside safety community at
large. The publication and dissemination of the research results and demonstration program, in the form
of newsletters, research reports, and refereed journal papers, will aid the rapid transfer of this new
technology to all interested organizations. Study findings will be presented at MWRSF Pooled Fund
Meetings. Other potential venues for formal presentations on study findings include, but are not limited to,
Task Force 13, AKD 20, and TRB.

DATA MANAGEMENT PLAN

The Data Management Plan is provided in the attached Appendix.
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Figure 3. Schematic of the proposed box-beam system used for shielding hazards in the median.
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Table 1. FY2024-WY-1-BOX: DEVELOPMENT AND EVALUATION OF BOX-BEAM BARRIER CONFIGURATION FOR SHIELDING FIXED

OBJECTS AND BRIDGE ENDS IN MEDIANS — GANTT CHART, PHASE |

Tﬁzk Task Description 2023 QTR 3 2023 QTR 4 2024 QTR 1 2024 QTR 2
1 Project Planning and General Project Planning and %
Correspondence Documentation
1 Prgject Planning and Literature Search X X
orrespondence
1 Project Planning and WYDOT Review and Selection of X
Correspondence Preferred Concept
Project Planning and Develop CAD Details for Fabrication
1 . X
Correspondence and Testing
Project Planning and Sponsor Correspondence / Update
1 ’ X X
Correspondence Presentations
2 Design and Analysis Brainstorming and Design X X
2 Design and Analysis Modify MBEAT Design X
2 Design and Analysis Slmphfleg 3[_) CAD of Prel