TRANSPORTATION POOLED FUND PROGRAM
QUARTERLY PROGRESS REPORT

Nebraska Department of Roads
Lead Agency (FHWA or State DOT):

INSTRUCTIONS:

Project Managers and/or research project investigators should complete a quarterly progress report for each calendar
quarter during which the projects are active. Please provide a project schedule status of the research activities tied to
each task that is defined in the proposal; a percentage completion of each task; a concise discussion (2 or 3 sentences) of
the current status, including accomplishments and problems encountered, if any. List all tasks, even if no work was done
during this period.

Transportation Pooled Fund Program Project # Transportation Pooled Fund Program - Report Period:
i.e, SPR-2(XXX), SPR-3(XXX) or TPF-5(XXX,
( () 5 ) [JQuarter 1 (January 1 — March 31)

TPF-5(091) Suppl. #2
[lQuarter 2 (April 1 — June 30)

[JQuarter 3 (July 1 — September 30)
ﬁC)uarter 4 (October 4 — December 31)

Project Title:
Phase | - Guidelines for Post Socketed Foundations for 4-Cable, High-Tension, Barrier Systems

Name of Project Manager(s): Phone Number: E-Mail
Reid, Faller, Sicking, Rosenbaugh 402-472-9324 srosenbaugh2@unl.edu
Lead Agency Project ID: Other Project ID (i.e., contract #): | Project Start Date:
2611211006001 RFPF-08-02 8/15/2008
Original Project End Date: Current Project End Date: Number of Extensions:
7/31/2011 10/31/2012 2

Project schedule status:

[] On schedule ¥] On revised schedule [J Ahead of schedule [ Behind schedule

Overall Project Statistics:

Total Project Budget Total Cost to Date for Project Percentage of Work
Completed to Date
$73,549 $73,549 100%

Quarterly Project Statistics:

Total Project Expenses Total Amount of Funds Total Percentage of
and Percentage This Quarter Expended This Quarter Time Used to Date
$8,439

TPF Program Standard Quarterly Reporting Format — 7/2011



Project Description:

High-tension cable barriers often incorporate socketed post foundations to simplify repair of the system after an accident.
Barrier posts are designed to slide in and out of a ground socket for easy replacement of damaged components.
Unfortunately, there have been numerous examples of socketed post foundations that are damaged during a cable
barrier crash. In most cases, socket damage requires repair crews to either replace the socket itself or drive a post
directly into the soil adjacent to the damaged component. Either situation defeats the purpose of using sockets and
greatly increases the time necessary to restore a damaged barrier. The increased repair time translates into higher
maintenance costs and increased risk to repair crews working adjacent to high-speed facilities.

Many existing socketed post foundation designs are constructed by drilling a hole in the soil, placing a steel sleeve in the
hole, and backfilling with Portland cement concrete. Many of these designs do not have sufficient reinforcement to resist
impact loads that are transmitted into the socket. Further, many of the sockets are too short to resist frost heave that can
push the posts out of the ground. Thus, there is a need for general design guidelines that states can incorporate to assure
that socketed post foundations perform as intended when used in the field.

Objectives/Tasks:

1. Conduct literature review on previous/current high-tension, cable systems.
2. Design new socket foundations for barrier posts.

3. Fabrication and dynamic testing of socketed foundations.

4. Analysis of test data and evaluation of socketed foundation designs.

5. Provide a written report documenting all work and conclusions.

Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):

Previously, the Phase | research report was published and sent to the sponsors. The Phase | report documents the first
round of dynamic testing and evaluation and contains the recommendations for the second round designs of the socketed
foundations.

Money remaining in Phase | of the project was used to fund the first rounds of component testing originally projected to
occur in Phase Il. Through the advancement of Phase II, all of the remaining money has been spent from the Phase |
fund, and Phase | will close at the end of this quarter. Please refer to the progress report for TPF-5(193) suppl #19 -
RPFP-10-CABLE-1 for information on Phase |l developments.
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Anticipated work next quarter:

Phase | of this project will be closed. For continued development in Phase Il of the project, please refer to the progress
report for TPF-5(193) suppl #19 - RPFP-10-CABLE-1.

Significant Results:
PHASE | only:

Four socketed foundation designs were evaluated through dynamic bogie testing. All 4 of these first round designs
experienced heavy damage in the form of concrete fracture and plastic deformation of the reinforcing steel. As a result, 4
new reinforcement designs were configured to provide additional strength to the socketed foundation. These
recommended configurations will be evaluated in Phase Il of this project.

Objectives/Tasks: % Complete (Phase | only)
1. Conduct literature review on previous/current high-tension, cable systems. 100%
2. Design new socket foundations for barrier posts. 100%
3. Fabrication and dynamic testing of socketed foundations. 100%
4. Analysis of test data and evaluation of socketed foundation designs. 100%
5. Provide a written report documenting all work,conclusions, and recommendations. 100%

TPF Program Standard Quarterly Reporting Format — 7/2011



Circumstance affecting project or budget. (Please describe any challenges encountered or anticipated that
might affect the completion of the project within the time, scope and fiscal constraints set forth in the
agreement, along with recommended solutions to those problems).

Additional (matching) funds for this project were obtained through a Mid-America Transportation Center program. This
matching funding was used during the first round of design, testing, and evaluation for the socketed foundations. Thus,
much of the original funding for this project remained as it was not used until the MATC funding was depleted. As a result,
the continuing work which would have been conducted under Phase Il of the project was being charged to the Phase |

project until the funds are gone.

This Phase | project is to close upon the end of 2012.

Potential Implementation:
Upon successful completion of this project, State DOT's will have the option to use a socketed post foundation for cable

barrier system posts. The socketed foundation will allow for quick, easy, and inexpensive repairs to damaged sections of

the barrier.

TPF Program Standard Quarterly Reporting Format —7/2011



TRANSPORTATION POOLED FUND PROGRAM

Lead Agency (FHWA or State DOT):

INSTRUCTIONS:

QUARTERLY PROGRESS REPORT
Wisconsin DOT

Project Managers and/or research project investigators should complete a quarterly progress report for each calendar
quarter during which the projects are active. Please provide a project schedule status of the research activities tied to

each task that is defined in the proposal; a percentage completion of each tasl; a concise discussion (2 or 3 sentences) of

the current status, including accomplishments and problems encountered, if any. List all tasks, even if no work was done

during this period.

Transportation Pooled Fund Program Project # Transportation Pooled Fund Program - Report Period:

(i.e, SPR-2(XXX), SPR-3(XXX) or TPF-5(XXX)

TPF-5(193) Suppl. #14

[lQuarter 1 (January 1 — March 31)
[lQuarter 2 (April 1 — June 30)
Quarter 3 (July 1 — September 30)
ﬁQuarter 4 (October 4 — December 31)

Project Title:

Concrete Traffic Barrier Attachment to Deck Utilizing Epoxy Concrete Masonry Anchors

Name of Project Manager(s): Phone Number: E-Mail
Bielenberg, Dickey, Faller, Reid, Sicking (402) 472-9064 rbielenberg2@unl.edu
Lead Agency Project ID: Other Project ID (i.e., contract #): | Project Start Date:
2611211020001 71172009
Original Project End Date: Current Project End Date: Number of Extensions:
6/30/2011 11/30/2012 2
Project schedule status:
] On schedule ¥] On revised schedule [J Ahead of schedule ] Behind schedule
Overall Project Statistics:
Total Project Budget Total Cost to Date for Project Percentage of Work
Completed to Date
$113,619 $106,661 100%
Quarterly Project Statistics:
Total Project Expenses Total Amount of Funds Total Percentage of
and Percentage This Quarter Expended This Quarter Time Used to Date
$12,042

TPF Program Standard Quarterly Reporting Format — 7/2011




Project Description:

When properly installed, epoxy anchors have been shown to be capable of developing the full strength of the surrounding
concrete. Hence, these anchors provide tensile and shear strengths comparable to any cast-in-place straight bar. In fact,
because the epoxy is stronger than the surrounding material and it distributes anchor loads over a larger area of concrete,
these anchors can be stronger than cast-in-place straight bars with similar embedment. Unfortunately, many cast-in-place
bars are bent in order to increase anchor capacity. In this situation, epoxy anchors cannot normally match the strength of
cast-in-place anchors, and additional anchors may be needed.

Nole Lhal raled capadilies publishied by epoxy anchor manufaclurers are based upon slallc load capacllies. When used In
conjunction with traffic barriers, epoxy anchors can resist much higher loads. Hence, it is inappropriate to design traffic
barrier anchors based solely on published load ratings.

Further, in order to assure long term durability, all anchor components must have some sort of corrosion protection. Any
dynamic testing conducted to determine the dynamic capacity of epoxy anchors must include the appropriate corrosion
protection.

OBJECTIVE:

The objective of this research effort is to determine if epoxy masonry anchors can be utilized to anchor a crash barrier to
bridge decks to allow the use of precast aesthetic concrete traffic barriers or in-board cast-in-place or precast concrete
traffic barriers separating traffic and trail traffic without the need to cast reinforcing steel into the deck surface to anchor
the barrier. The researchers should establish design criteria/parameters, i.e. embedment depth, size of acceptable bar(s),
and strength or type of epoxy (preferably generic epoxy spec criteria) appropriate for this use.

Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):

MwRSF implemented WisDOT's comments with respect to the draft report and printed the final report. This completed the
project.

Excess funds from this project were requested to be transferred or placed in contingency for use in TPF-5(193) Suppl.
#15 (Development of a Low Deflection Temporary Concrete Barrier).

TPF Program Standard Quarterly Reporting Format —7/2011



Anticipated work next quarter:
None.

Significant Results:

Task

. Literature search to identify published procedures for estimating dynamic strength of epoxy anchors.
. Review of standard, cast-in-place anchorage designs used by Pooled Fund member states

. Conduct 8 dynamic tests to determine shear and tensile capacities of selected anchors

. Develop predictive equations for chemical adhesive anchors based on dynamic testing.

. Conduct 8 dynamic tests to verify and/or revise the accuracy of the predictive equations

. Develop guidelines for anchoring concrete traffic barriers to reinforced concrete decks using epoxy anchors.
. Prepare draft and final research/test report.

~N O, bEwWN =

Total percentage of project completion = 100 %

% completed

100%
100%
100%
100%
100%
100%
100%
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Circumstance affecting project or budget. (Please describe any challenges encountered or anticipated that
might affect the completion of the project within the time, scope and fiscal constraints set forth in the
agreement, along with recommended solutions to those problems).

None.

Potential Implementation:

The development of guidelines for epoxy anchors would allow the use of precast concrete traffic barriers anchored to
bridge decks - accelerating bridge construction and providing better quality concrete traffic barrier when aesthetic traffic
barriers are utilized. It would also allow anchoring in-board, cast-in-place, or precast concrete traffic barriers to be used
without the need for reinforcing steel protruding from the bridge deck surface and disrupting the machine finishing of the
bridge deck (eliminating the need for hand finishing large areas of the bridge deck). Finally, development of epoxy anchor

guidelines would allow a method for replacing/repairing traffic barriers on bridge decks without the need to remove and
replace the bridge deck.

TPF Program Standard Quarterly Reporting Format —7/2011




TRANSPORTATION POOLED FUND PROGRAM
QUARTERLY PROGRESS REPORT

Wisconsin DOT
Lead Agency (FHWA or State DOT): oo

INSTRUCTIONS:

Project Managers and/or research project investigators should complete a quarterly progress report for each calendar
quarter during which the projects are active. Please provide a project schedule status of the research activities tied to
cach task that is defined in the proposal; a percentage completion of each task; a concise discussion (2 or 3 sentences) of
the current status, including accomplishments and problems encountered, if any. List all tasks, even if no work was done
during this period.

Transpoﬁation Pooled Fund Program Project # Transportation Pooled Fund Program - Report Period:
(16;- SPR-2{200), SPR-3000Y or TRE-5(3009 CQuarter 1 (January 1 — March 31)
TPF-5(193) Suppl. #15 OQuarter 2 (April 1 - June 30)
UJQuarter 3 (July 1 — September 30)
¥iQuarter 4 (October 4 — December 31)

Project Title:
Development of a Low Deflection Temporary Concrete Barrier

Name of Project Manager(s): Phone Number: E-Mail
Bielenberg, Faller, Reid, Sicking (402) 472-9064 rbielenberg2@unl.edu
Lead Agency Project ID: Other Project ID (i.e., contract #): | Project Start Date:
2611211022001 7/1/2009
Original Project End Date: Current Project End Date: Number of Extensions:
6/30/2011 12/31/2013 2

Project schedule status:

[J On schedule ¥l On revised schedule [J Ahead of schedule [ Behind schedule

Overall Project Statistics:

Total Project Budget Total Cost to Date for Project Percentage of Work
Completed to Date
$178,914 $94,341.00 70

Quarterly Project Statistics:

Total Project Expenses Total Amount of Funds Total Percentage of
and Percentage This Quarter Expended This Quarter Time Used to Date
$51,689.00

TPF Program Standard Quarterly Reporting Format —7/2011



Project Description:

The objective of this research effort is to develop a joint stiffening mechanism for use in reducing the deflection of
temporary concrete barrier installations without requiring anchorage of the barrier segments to the road surface. The joint
stiffening mechanism will be developed for use with the Midwest Pooled Fund States 12.5-ft long, F-shape, temporary
concrete barrier. The temporary concrete barrier joint stiffening mechanism will be designed and evaluated to meet the
TL-3 requirements set forth in MASH-08.

Task % completed
1. Project Planning and Literature Gearch 100
2. LS-DYNA Analysis of Barrier Offset to Drop-Off 30
3. Development of Design Concepts 90
4. LS-DYNA Analysis of Concept Designs 100
5. Fabrication of Design 100
6. TL-3 Full-scale Crash Testing with 2270P Vehicle 80
7. Analysis and Refinement of Design 40
8. Fabrication of Revised Design 0
5. TL-3 Full-scale Crash Testing with 2270P Vehicle 0
6. Summary Report 0

Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):

In the Fourth Quarter of 2012, progress was made on the analysis and refinement of the design for limiting concrete
barrier deflection evaluated in the first full-scale crash test of this project. The design consisted of a cap plate bolted
across the joint and a continuous tubes running along the sides of the barriers.

MwRSF has been determining what design modifications can be made to further reduce the system deflections.
LS-DYNA computer simulations of the full-scale test were created and validated during this quarter. This work included
developing finite element meshes of the tested design hardware, applying the design hardware to the previously
developed free-standing barrier model, incorporation of the bridge deck edge, and simulation and comparison of the new
model to the test results. The simulation models of the low-deflection design used in the first full-scale test demonstrated
good correlation with the crash test. Validation of the model of the tested system has been completed and future work will
focus on applying design changes to the simulation model to gauge there effectiveness.
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Anticipated work next quarter:

In the First Quarter of 2013, MwRSF will continue the process of redesigning the reduced deflection PCB system. MWRSF
will apply design changes to the model developed in this quarter in an effort to further reduce deflections. Some concepts
that will be evaluated are reduction of the barrier gap at the joints, increased thickness and section of the structural
elements, the use of additional attachment points between the barrier and the reduced deflection hardware, and
increasing the barrier-to-ground friction.

Once these design modifications have been evaluated and their effectiveness estimated a revised design will be
developed and presented to the sponsor. Once WisDOT has approved the revised design, MwWRSF will conduct a second
full-scale test using the revised design.

Significant Results:

A simulation model of the initial low-deflection design concept was developed that replicates the performance of the
full-scale crash test. This model will allow MwWRSF to evaluate design alternatives for the second full-scale crash test.

TPF Program Standard Quarterly Reporting Format — 7/2011



Circumstance affecting project or budget. (Please describe any challenges encountered or anticipated that
might affect the completion of the project within the time, scope and fiscal constraints set forth in the
agreement, along with recommended solutions to those problems).

Currently MWRSF has developed and full-scale crash tested an initial design concept for reducing the deflection of PCB
segments without constraining them to the pavement. The crash test of the initial design concept was successful and the
design is currently undergoing refinement for a second test. As such, further analysis, design, and crash testing remain to
be completed. Remaining work includes (1) analysis and refinement of the low-deflection PCB design tested in the first
full-scale crash test for the project; (2) fabrication of the revised design; (3) a second TL-3 full-scale crash testing with the
2270P vehicle on the revised design, (4) the preparation of a final report with the implementation of WisDOT edits and
comments; (5) the submission of published report copies to the sponsor; and (6) data archive.

Additionally, system fabrication costs for the full-scale test were higher than anticipated and additional, un-budgeted
component testing was required as part of the research effort to better define the friction properties of the concrete
barriers. Thus, with the remaining project tasks, it is expected that the project may exceed the current budget during the
remainder of the research effort. Therefore, MWRSF requested permission to charge future excess expenditures for the
work described above be applied to the surplus funds in completed Project Nos. MwWRSF RPFP-WISC-5 and

RPFP-WISC-3.

At this time, it was also expected that the remaining tasks for this project cannot be completed within the current time
limit. Thus, we request a no-cost time extension of 12 months for this project, moving the closing date to December 31,

2013.

Potential Implementation:

Development of a joint stiffening mechanism for use in reducing the deflection of temporary concrete barrier will provide
designers with a means to install temporary concrete barriers in limited deflection applications without anchoring the
barriers to the roadway surface. This will reduce installation costs and damage to the road surface. In addition, installation
and removal of the barrier system would be more efficient, thus reducing worker exposure.

TPF Program Standard Quarterly Reporting Format —7/2011



TRANSPORTATION POOLED FUND PROGRAM
QUARTERLY PROGRESS REPORT

Wisconsin DOT
Lead Agency (FHWA or State DOT):

INSTRUCTIONS:

Project Managers and/or research project investigators should complete a quarterly progress report for each calendar
quarter during which the projects are active. Please provide a project schedule status of the research activities tied to
each task that is defined in the proposal; a percentage completion of each task; a concise discussion (2 or 3 sentences) of
the current status, including accomplishments and problems encountered, if any. List all tasks, even if no work was done
during this period.

Transportation Pooled Fund Program Project #
(i.e, SPR-2(XXX), SPR-3(XXX) or TPF-5(XXX)

TPF-5(193) Suppl. #16

Transportation Pooled Fund Program - Report Period:

UlQuarter 1 (January 1 — March 31)
ClQuarter 2 (April 1 — June 30)
LlQuarter 3 (July 1 — September 30)
ﬁOuarter 4 (October 4 — December 31)

Project Title:
Synthesis of Crash Cushion Guidance

Name of Project Manager(s): Phone Number: E-Mail

Albuquerque D., Schrum K., and Sicking D.

402-472-9332

dsicking1@unl.edu

Lead Agency Project ID:
2611211023001

Other Project ID (i.e., contract #):

Project Start Date:
July 1, 2009

Original Project End Date:
June 30, 2011

Current Project End Date:
December 31, 2012

Number of Extensions:
1

Project schedule status:

] On schedule

Overall Project Statistics:

¥ On revised schedule

[0 Ahead of schedule

[ Behind schedule

Total Project Budget

Total Cost to Date for Project

Percentage of Work
Completed to Date

$ 112,275

51,292 (+$7,608 for Suppl #26)

95%

Quarterly Project Statistics:

Total Project Expenses
and Percentage This Quarter

Total Amount of Funds
Expended This Quarter

Total Percentage of
Time Used to Date

$1,780 (+$315 for Supp! #26)

TPF Program Standard Quarterly Reporting Format — 7/2011




Project Description:

Early in the design process, engineers typically have to select a crash cushion for a given location. However, there is little
guidance to help designers to decide what type of crash cushion system to install (low maintenance crash cushions,
non-gating crash cushions, gating crash cushions, sand barrels, etc...) based on the given conditions. This would include
guidance as to which system would be suitable for installation at a given location based on factors such as ADT, number
of lanes, and geometries. The selection of a given system can have a significant impact on the design of a location, and
can also impact the construction, maintenance and user costs.

This project aims to provide guidelines for the selection of appropriate crash cushion designs for various installations.

The research objectives for this study consist of the following items:

1. Collect and synthesize guidance from various states on crash cushion use - concluded
2. Collect crash cushion construction and repair costs - to be updated w/ revised cost data
3. Conduct an economic evaluation of crash cushions - to be updated w/ revised cost data
a. RSAP analysis of gating versus non-gating crash cushions
b. Comparison of initial construction, maintenance and repair costs for low-maintenance versus conventional crash
cushions
4. Develop a decision matrix for designers to select an appropriate system for a given location - to be updated w/ revised
cost data

Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):

Cost data from FHWA crash tests were obtained for each system from the manufacturers. With this data, the BC analysis
was rerun, but the results were identical. This was due to the fact that installation cost was a larger component in the BC
ratios and that the impact frequency of the modeled scenarios was small.

The effect of maintenance costs alone was studied in the original final report. With updated repair cost data, this study
was conducted again, and the minimum impact frequency at which low maintenance systems was recommended
changed from 0.82 impact events per year to 0.29 impact events per year.

The report was modified according to this new data and the subsequent conclusions. The report was sent to the
Wisconsin DOT, the sponsoring agency, for review and comment.

TPF Program Standard Quarterly Reporting Format —7/2011



Anticipated work next quarter:

After Wisconsin DOT approves the revised report, the report will be sent to the manufacturers who supplied cost data for
review and comment. Any comments received will be reviewed and addressed.

Significant Results:

After rerunning the BC analysis with the updated repair cost information submitted by the manufacturers, the
recommendations inferred from the analysis did not change. Only the minimum impact frequency at which to recommend
a low maintenance system was affected.

TPF Program Standard Quarterly Reporting Format — 7/2011




Circumstance affecting project or budget. (Please describe any challenges encountered or anticipated that
might affect the completion of the project within the time, scope and fiscal constraints set forth in the
agreement, along with recommended solutions to those problems).

Manufacturers will be given the chance to review the results of the findings following the implementation of the updated
repair cost data. However, depending on the outcome of their review, this may delay publishing the final report which in
turn will delay the project close date. Therefore, an extension may be requested.

Due to the amount of work remaining, this project is projected to have extra funds remaining at the time the project is
complete. The funds in Project No. TPF-5(193) Suppl. #26 were exhausted prior to the completion of the project.
Therefore, the overrun budget for Project No. TPF-5(193) Suppl. #26 is being posted to this project. To date, $7,608 has

been posted for Project No. TPF-5(193) Suppl. #26.

Potential Implementation:
The guidelines implemented in this project will provide a useful tool for the selection of appropriate crash cushion designs

for various installations.

TPF Program Standard Quarterly Reporting Format —7/2011



TRANSPORTATION POOLED FUND PROGRAM
QUARTERLY PROGRESS REPORT

Midwest Roadside Safety Facility, UNL
Lead Agency (FHWA or State DOT): oo~ oo™ by Facility

INSTRUCTIONS:

Project Managers and/or research project investigators should complete a quarterly progress report for each calendar
quarter during which the projects are active. Please provide a project schedule status of the research activities tied to
each task that is defined in the proposal; a percentage completion of each task; a concise discussion (2 or 3 sentences) of

the current status, including accomplishments and problems encountered, if any. List all tasks, even if no work was done
during this period.

Transportation Pooled Fund Program Project # Transportation Pooled Fund Program - Report Period:
(i.e, SPR-2({XXX), SPR-3(XXX) or TPF-5(XXX)

OQuarter 1 (January 1 — March 31)
TPF-5(193) Supplement #27

LIQuarter 2 (April 1 - June 30)
[JQuarter 3 (July 1 — September 30)
¥iQuarter 4 (October 4 — December 31)

Project Title:
Short-Radius Guardrail with Large Radii

Name of Project Manager(s): Phone Number: E-Mail
Bielenberg, R., Faller, R., Reid, J., & Sicking, [ 402-472-9064 (Bielenberg) rbielenberg2@unl.edu
Lead Agency Project ID: Other Project ID (i.e., contract #): | Project Start Date:
2611211042001 TPF-5(193) Supplement #27 June 30, 2010
Original Project End Date: Current Project End Date: Number of Extensions:
June 30, 2013 June 30, 2013

Project schedule status:

¥ On schedule [0 On revised schedule O Ahead of schedule [ Behind schedule

Overall Project Statistics:

Total Project Budget Total Cost to Date for Project Percentage of Work
Completed to Date
$57,929.00 $5,627.00 30

Quarterly Project Statistics:

Total Project Expenses Total Amount of Funds Total Percentage of
and Percentage This Quarter Expended This Quarter Time Used to Date
$1,428.00

TPF Program Standard Quarterly Reporting Format — 7/2011



Project Description:

The objective of this research effort is to develop modified details for the Washington State short-radius guardrail system
with a radius size up to 70 ft. The modified system would not be applicable for any other type of curved guardrail or similar
installation. It should also be noted that these details will be based on engineering analysis and judgment. The
recommended design will not be crash tested or considered to meet any test standard, such as NCHRP Report No. 350
or MASH.

Tasks % completed
Review and summarize design details and prior crash testing on Washington State short-radius guardrail (WA-SRG) 100
Send summary to Wisconsin to decide on which short-radius system to model 100
Develop LS-DYNA FEA model of Yuma County-SRG system 95
Determine acceptable speed for 2000P crashes into Yuma County-SRG with LS-DYNA 0
Modify FEA model of WA-SRG to incorporate 70-ft radius 40
LS-DYNA analysis and design modifications for Yuma County-SRG with 70-ft radius 15
Prepare draft and final research reports 0
Obtain FHWA acceptance for modified Yuma County-SRG with 70-ft radius 0

Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):

During the Fourth Quarter of 2012, wood models for CRT posts were evaluated and compared to physical testing results.
In addition, models of the Yuma County short radius guardrail system were created.

Wood post models of CRT posts used in the Yuma County short radius guardrail systems were created with different
mesh sizes. The strong axis and off-axis (i.e., 45 degree) reactions of the CRT posts are critical to establishing the
accuracy of the Yuma County W-beam system, and by expansion, to the remainder of the project. Once meshed post
models were created, a simulated bogie impacted the post and the resulting energy, forces, bogie acceleration, and post
damage were recorded. 1-in. and 1/2-in. mesh densities were attempted. Material property variations and energy
absorption characteristics were evaluated, and one model was selected for future use in the short radius guardrail
simulation. In addition, previous models of W-beam and short radius guardrail systems developed by MWRSF were
consulted and a plan for modeling post-to-rail and rail-to-rail connections was created.

Based on the Yuma County short radius guardrail design, CAD was used to identify critical radii subject to two
constraints: the angle encompassed by the short radius was 90 degrees, and posts were located both at the beginning
and end of the radii segments. Incremental increases in the radius were plotted using different numbers of posts attached
to the curved rail sections. Evaluation of the plots in CAD suggested three radii in addition to the Yuma County 8-ft radius
which were most conducive to simulation. The three radii selected were 24, 48, and 71.5-ft radii. CAD models were then
converted to finite element meshes and assembled together.

The first model simulated was the Yuma County system. After assembling models of the post-to-rail attachments, CRT
posts, curved W-beam rail sections, and soil behavior, the system was simulated in an angled impact on the nose of the
short radius system with a C2500 model to validate the Yuma County test results. Additional simulations with vehicles

TPF Program Standard Quarterly Reporting Format — 7/2011



Anticipated work next quarter:

In the First Quarter of 2013, models of larger radii systems will be evaluated using the same impact conditions as utilized
in the Yuma County systems. Additional simulations with varying impact conditions may be required if additional critical
locations for impact are identified. A report detailing the findings of this research project will also begin during this time
period.

Significant Results:

Models of CRT posts used in the short radius guardrail were evaluated. Models of the Yuma County and larger-radius
guardrail systems were also created.

TPF Program Standard Quarterly Reporting Format — 7/2011



Circumstance affecting project or budget. (Please describe any challenges encountered or anticipated that
might affect the completion of the project within the time, scope and fiscal constraints set forth in the
agreement, along with recommended solutions to those problems).

None.

Potential Implementation:
No results indicating implementation potential at this time.

TPF Program Standard Quarterly Reporting Format — 7/2011




TRANSPORTATION POOLED FUND PROGRAM
QUARTERLY PROGRESS REPORT

Wisconsin DOT
Lead Agency (FHWA or State DOT):

INSTRUCTIONS:

Project Managers and/or research project investigators should complete a quarterly progress report for each calendar
quarter during which the projects are active. Please provide a project schedule status of the research activities tied fo
eduh task that is defined in the propousal, a percenlaye completion of each lask, a conivise discussion (2 ur 3 senlences) of
the current status, including accomplishments and problems encountered, if any. List all tasks, even if no work was done
during this period.

Transportation Pooled Fund Program Project # Transportation Pooled Fund Program - Report Period:
(i.e, SPR-2(XXX), SPR-3(XXX) or TPF-5(XXX)

L1Quarter 1 (January 1 — March 31)
TPF-5(193) Suppl. #28

CJQuarter 2 (April 1 — June 30)
LIQuarter 3 (July 1 — September 30)
MQuarter 4 (October 4 — December 31)

Project Title:
Downstream Anchoring Requirements for MGS

Name of Project Manager(s): Phone Number: E-Mail
Faller R., Reid, J., Sicking D., & Stolle C. (402)-472-4233 rfaller1@unl.edu
Lead Agency Project ID: Other Project ID (i.e., contract #): | Project Start Date:
2611211043001 July 1, 2010
Original Project End Date: Current Project End Date: Number of Extensions:
June 30, 2013 June 30, 2013 0

Project schedule status:

¥ On schedule O On revised schedule [0 Ahead of schedule [ Behind schedule

Overall Project Statistics:

Total Project Budget Total Cost to Date for Project Percentage of Work
Completed to Date
$235,065 $191,255 86%

Quarterly Project Statistics:

Total Project Expenses Total Amount of Funds Total Percentage of
and Percentage This Quarter Expended This Quarter Time Used to Date
$15,793 (6.7%) 315,793 86%
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Project Description:

Although downstream anchors are widely used on access-controlled freeways, these designs have never been crash
tested under the current guidelines. Most states utilize an adaptation of various upstream terminals that incorporate at
least one breakaway post and a cable anchor bracket. Because of the similarity of this design to upstream anchors that
have been tested with a 2000P vehicle in the reverse direction, it is generally believed that existing downstream anchors
will perform adequately when struck by light trucks. However, there is still some concern that these designs may not
perform well when impacted by a small car. Further, the point at which these barriers can begin to contain and redirect an
impacting vehicle (the end of length of need) has yet to be adequately determined.

This project aims to determine: (i) the safety performance of the MGS close to the end anchorage and (ii) the end of the
length of need for the MGS barrier.

Tasks:
1) Literature review and survey of State DOTs current plans for trailing end guardrail anchorage - completed
2) Bogie tests to determine anchors strengths - completed
3) Evaluate anchorage capacity and potential for vehicle snag for selected standard designs using LS-DYNA - completed
4) Develop standard designs for downstream anchor systems - completed
5) Prepare final CAD details for preferred downstream anchorage system - completed
6) Assessment of the most critical system w/ two TL-3 full-scale crash tests under MASH - completed
a) 2270P
b) 1100C
7) Summary report - in progress

Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):

The draft research report was partially subjected to an internal review. However, a complete internal review could not be
completed as substantial changes were deemed necessary. This draft report shall cover the literature review, state DOT
standards, component and full-scale tests, computer simulation efforts, as well as design guidelines. These design
guidelines shall include recommendations for shielding hazards located in close proximity to the non-proprietary trailing
end terminal, which are based on full-scale crash testing and simulations with the 2270P vehicle.

The TRB journal paper was modified based on comments from the reviewers. A modified paper was re-submitted in
November 2012,
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Anticipated work next quarter:

In the next quarter, the documentation and reporting of the research effort will be continued by implementing the Round 1
internal review comments. The submission of the draft report is expected by the end of the First Quarter in 2013. A journal
paper on this project will be presented at the 2013 Annual Meeting of the Transportation Research Board.

Significant Results:

The pickup truck test resulted in a smooth vehicle redirection with considerable damage to the barrier system. This test
indicated that the selected impact point was at or close to the end of the length of need.

The small car test revealed that considerable snag occurred near the downstream end of the cable anchorage system.
This result confirmed initial concerns of increased snag at the downstream end, as observed in LS-DYNA simulations.
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Circumstance affecting project or budget. (Please describe any challenges encountered or anticipated that
might affect the completion of the project within the time, scope and fiscal constraints set forth in the
agreement, along with recommended solutions to those problems).

Problems related to the accuracy of the load cells delayed the execution of the bogie tests planned at the beginning of the
project. A rupture occurred in the tow cable system that was used in a bogie test on the entire downstream anchorage
system, thus causing a need for a re-test of the component test. A calibration of the wood material, necessary to
reproduce a realistic failure of the BCT wood posts, caused some delay in the initial set-up of the numerical model.
Finally, Dr. Mario Mongiardini took a new research position in Australia in October, thus the reporting process was
delayed to await alternative personnel to take on the remaining efforts in 2013

Potential Implementation:

The results obtained from this project will give practitioners useful information about the safety performance of guardrail
systems, in particular the MGS, at locations close to the downstream end anchorage. This information will be summarized
in proposed guidelines for shielding hazards located in proximity of the tested downstream end anchorage. Also, the
results of this project will provide a clear identification of the end of the length of need (LON) at the downstream segment

of the MGS system.
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TRANSPORTATION POOLED FUND PROGRAM
QUARTERLY PROGRESS REPORT

NE Department of Roads
Lead Agency (FHWA or State DOT):

INSTRUCTIONS:

Project Managers and/or research project investigators should complete a quarterly progress report for each calendar
quarter during which the projects are active. Please provide a project schedule status of the research activities tied to
each task that is defined in the proposal, a percentage completion of each task; a concise discussion (2 or 3 sentences) of

the current status, including accomplishments and problems encountered, if any. List all tasks, even if no work was done
during this period.

Transportation Pooled Fund Program Project #
(i.e, SPR-2(XXX), SPR-3(XXX) or TPF-5(XXX)

TPF-5(193) Suppl. #29

Transportation Pooled Fund Program - Report Period:

CJQuarter 1 (January 1 — March 31)
[1Quarter 2 (April 1 - June 30)
OQuarter 3 (July 1 — September 30)
EjQuarter 4 (October 4 — December 31)

Project Title:
Minimum Effective Guardrail Length for MGS

Name of Project Manager(s):
Reid, Sicking, Faller, Bielenberg, Lechtenberg

Phone Number: E-Mail

402-472-3084 jreid@unl.edu

Lead Agency Project ID:

Other Project ID (i.e., contract #):

2611211044001

Project Start Date:
June 30, 2010

Original Project End Date:
June 30, 2013

Current Project End Date:
June 30, 2013

Number of Extensions:
0

Project schedule status:

ﬁ On schedule

Overall Project Statistics:

[0 On revised schedule

0 Ahead of schedule

[ Behind schedule

Total Project Budget

Total Cost to Date for Project

Percentage of Work
Completed to Date

$122,444

$90,590

5%

Quarterly Project Statistics:

Total Project Expenses
and Percentage This Quarter

Total Amount of Funds
Expended This Quarter

Total Percentage of
Time Used to Date
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Project Description:

Objective: Determine the effective working width and overall performance of the Midwest Guardrail System (MGS) shorter
than the current 175’ test length.

Tasks:

. Review prior TL-3 pickup truck crash tests into the MGS - completed

. LS-DYNA simulations to evaluate performance of MGS with system lengths of 175 ft and shorter - completed
. Select minimum eftective length of MGS and prepare system CAD details - completed

. Construct MGS with reduced length - completed

. Crash testing and evaluation program under MASH (one 2270P test) - completed

. Additional simulations to predict barrier deflections and working widths for varying system lengths - completed
. Draft and final research reports - draft completed, undergoing internal review

~N ook w N

Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):

Task 6. Barrier VIl and LS-DYNA simulations have been completed on the 62-ft 6-in. MGS and 50-ft MGS. The results
and analysis from those simulations have been incorporated into the Minimum Effective Guardrail Length for the MGS
report.

Task 7. The draft research report on crash test mgsmin-1 was updated to include the simulation effort and analysis on
system lengths shorter than 75-ft. The draft report is undergoing an internal review.
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Anticipated work next quarter:

Task 7. Update the draft research report based on the internal reviews. Submit paper to WsDOT for review.

Significant Results:

On April 5, 2012, MwRSF conducted one pickup truck crash test (test no. mgsmin-1) into a 75-ft long 31-in. tall Midwest
Guardrail System (MGS) using an 2270-kg Dodge Ram according to the TL-3 safety performance guidelines of MASH.
The truck was successfully contained and redirected, and met all relevant test criteria.

Barrier VIl results indicated that the 62-ft 6-in. MGS system would produce similar rail loads and deflections, and anchor
loads and displacements as the 75-ft MGS, at the MASH Test Level 3 conditions. LS-DYNA simulations performed on the
50-ft MGS suggest impacts between post nos. 3 and 6 will effectively redirect the 2270P vehicle and successfully shield a
hazard. Because of limitations in the simulations, full-scale crash testing is recommended if systems less than 75-ft in
length are desired.
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Circumstance affecting project or budget. (Please describe any challenges encountered or anticipated that
might affect the completion of the project within the time, scope and fiscal constraints set forth in the
agreement, along with recommended solutions to those problems).

No problems have been encountered to date.

Potential Implementation:

This study will provide guardrail design guidelines for barrier lengths shorter than 175 ft. Designers will
have full-scale crash testing evidence that very short guardrails function as intended as well as guidelines
for estimating maximum barrier deflection as a function of guardrail length and impact location.

Simulations indicated successful redirection of an errant vehicle according to the MASH Test Level-3 conditions, for the
MGS at 62 ft-6 in and 50 ft. Although the results of these simulations suggested successful redirection over a range of
impact locations, full-scale testing is required for both the 62-ft 6-in MGS and 50-ft MGS before implementation could be
recommended.
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TRANSPORTATION POOLED FUND PROGRAM
QUARTERLY PROGRESS REPORT

Nebraska Department of Roads
Lead Agency (FHWA or State DOT):

INSTRUCTIONS:

Project Managers and/or research project investigators should complete a quarterly progress report for each calendar
quarter dur.f'ng which the projects are active. Please provide a project schedule status of the research activities tied to
each tash that is defined in the proposal; a percentage completion of each taslk; a concise discussion (2 or 3 sentences) of
the current status, including accomplishments and problems encountered, if any. List all tasks, even if no work was done
during this period.

T_ransportation Pooled Fund Program Project # Transportation Pooled Fund Program - Report Period:
fleoz SERRElt; SRR Of TR aed ClQuarter 1 (January 1 — March 31)
TPF-5(193) Suppl. #32 LlQuarter 2 (April 1 —June 30)
CQuarter 3 (July 1 — September 30)
ﬂQuaﬁer 4 (October 4 — December 31)

Project Title:
MGS Guardrail Attached to Culverts

Name of Project Manager(s): Phone Number: E-Mail
Reid, Sicking, Faller, Rosenbaugh 402-472-9324 srosenba@unlserve.unl.edu
Lead Agency Project ID: Other Project ID (i.e., contract #): | Project Start Date:
2611211046001 RPFP-11-MGS-2 7/M1/2010
Original Project End Date: Current Project End Date: Number of Extensions:
12/31/2013

Project schedule status:

ﬂ On schedule [J On revised schedule [J Ahead of schedule [] Behind schedule

Overall Project Statistics:

Total Project Budget Total Cost to Date for Project Percentage of Work
Completed to Date
$91,071 $79,842 80%

Quarterly Project Statistics:

Total Project Expenses Total Amount of Funds Total Percentage of
and Percentage This Quarter Expended This Quarter Time Used to Date
$10,013
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Project Description:

Some cross-drainage culverts are wider than 24 ft and therefore cannot be treated with a long-span guardrail system.
Although it is acceptable to utilize the deformable, top-mounted post attachment design developed for metric height
guardrail under NCHRP Report No. 350, many existing culverts are too narrow to accommodate the loss of roadway
width that comes with a top mounted system. Recently, the MGS Bridge Railing system was successfully developed and
crash tested using the TL-3 MASH guidelines. The bridge railing system attaches to the exterior, vertical edge of
reinforced concrete decks. It is believed that this bridge railing system could be adapted to mount to the backside face of
an existing culvert headwall. The objective of this research effort is to develop an MGS guardrail system that attaches to
the outside vertical tace of the culvert headwall tor box culverts greater than 24 #t wide.

Objectives / Tasks

1. Literature review of current culvert designs

2. Design of MGS attachment to face of headwall

3. Dynamic bogie testing

4. Data analysis and evaluation

5. Written report documenting all design work, testing, and conclusions

Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):

All component testing has been completed. Thus, the simulated culvert was removed from the test pit within the test site.
Additionally, work has begun on the report documenting all testing and conclusions.
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Anticipated work next quarter:
Work shall continue on the written report to document the design, testing, and conclusions of this project.

Significant Results:

A complete review of culvert designs used by Pooled Fund member states revealed a critical culvert design for testing
and evaluation. A simulated culvert matching this critical design was been constructed. Four attachment concepts were
developed, fabricated, and tested. Both the single anchor top mounted design and the side mounted design satisfied all
resistance and damage requirements during lateral and longitudinal testing. Thus, these two designs will be
recommended as attachment designs for the MGS Bridge Rail system attached to culvert headwalls.

Objectives / Tasks % Complete
1. Literature review of current culvert designs 100%

2. Design of MGS attachment to culvert headwall 100%

3. Dynamic bogie testing 100%

4. Data analysis and evaluation 90%

5. Written report documenting all design work, testing, and conclusions 40%
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Circumstance affecting project or budget. (Please describe any challenges encountered or anticipated that
might affect the completion of the project within the time, scope and fiscal constraints set forth in the
agreement, along with recommended solutions to those problems).

none

Potential Implementation:

Development of a new attachment for the MGS system to low-fill culverts will allow designers to install the MGS system
on culverts wider than 24 ft without reducing the width of the overall roadway. In addition, it is anticipated that the new
attachment design on the outside of the headwall will reduce construction and maintenance costs.
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TRANSPORTATION POOLED FUND PROGRAM
QUARTERLY PROGRESS REPORT

Nebraska D t t of Road
Lead Agency (FHWA or State DOT): o0 —opariment 01Roads

INSTRUCTIONS:

Project Managers and/or research project investigators should complete a quarterly progress report for each calendar
quarter during which the projects are active. Please provide a project schedule status of the research activities tied to
each task that Is defined in the proposal; a percentage completion of each task; a conclse discussion (2 or 3 sentences) of
the current status, including accomplishments and problems encountered, if any. List all tasks, even if no work was done
during this period.

Transportation Pooled Fund Program Project #
(i.e, SPR-2(XXX), SPR-3(XXX) or TPF-5(XXX)

Transportation Pooled Fund Program - Report Period:

CJQuarter 1 (January 1 — March 31)
TPF-5(193) Supplement #33 CJQuarter 2 (April 1 - June 30)
OJQuarter 3 (July 1 — September 30)

EﬂQuarter 4 (October 4 — December 31)

Project Title:
Wood Post for MGS

Name of Project Manager(s): Phone Number: E-Mail

Reid, Sicking, Faller, Lechtenberg, Holloway

402-472-9070

kpolivka2@unl.edu

Lead Agency Project ID:
2611211047001

Other Project ID (i.e., contract #):

RPFP-11-MGS-3

Project Start Date:
711710

Original Project End Date:
12/3113

Current Project End Date:
12/31/13

Number of Extensions:
0

Project schedule status:

ﬂ On schedule

Overall Project Statistics:

[ On revised schedule

[0 Ahead of schedule

[J Behind schedule

Total Project Budget

Total Cost to Date for Project

Percentage of Work
Completed to Date

$157,655

$96,661

85

Quarterly Project Statistics:

Total Project Expenses
and Percentage This Quarter

Total Amount of Funds
Expended This Quarter

Total Percentage of
Time Used to Date

$2,031
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Project Description:

The oversized blockout used with the MGS design is one reason that the guardrail has demonstrated a 100 percent
increase in redirective capacity as compared to conventional guardrail systems. However, there are some locations where
roadway width is insufficient to accommodate a 12-in. blockout. A number of proprietary adaptations of the MGS design
have been developed that do not utilize a blockout, thereby providing more useable roadway in constricted sites. A
non-blocked version of the MGS should be feasible for use in those locations with constricted roadway widths.

Objective: Develop a MASH version of the MGS without blockouts for standard steel posts using standard components. If
modifications to the system such as post to rail attachment are deemed to be necessary, the new components should be
able to replace the existing components for all new construction and repair applications. By changing the standard
components in the supply chain, it should be possible to minimize the risk of utilizing the wrong components in a no
blockout design.

Tasks:

1. Full-scale crash testing (MASH 3-10 and 3-11)

2. Analysis and documentation of test results

3. Research report

4. Hardware guide drawings and FHWA acceptance

Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):

Review of the internal draft report was completed. The draft report was submitted to the Pooled Fund member states for
review and comment.
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Anticipated work next quarter:

Comments received from the Pooled Fund member states will be reviewed and implemented. The final report will be
published and sent to the member states.

Significant Results:

On May 15, 2011, MwRSF conducted one pickup crash test (test no. MGSNB-1) into the Midwest Guardrail System
(MGS) without blockouts using a 2270-kg Dodge QuadCab according to the TL-3 safety performance guidelines of
MASH. The pickup was successfully contained and redirected.

On June 15, 2011, MwRSF conducted one small car test (test no. MGSNB-2) into the Midwest Guardrail System (MGS)
using an 1100-kg Kia Rio according to the TL-3 MASH safety performance guidelines. Again, the small car was
successfully contained and redirected.

Task % Complete
1. Full-scale crash testing (MASH 3-10 and 3-11) 100%
2. Analysis and documentation of test results 100%
3. Research report 95%
4. Hardware guide drawings and FHWA acceptance 50%
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Circumstance affecting project or budget. (Please describe any challenges encountered or anticipated that
might affect the completion of the project within the time, scope and fiscal constraints set forth in the
agreement, along with recommended solutions to those problems).

There are no problems or issues to report at this time.

Potential Implementation:

Narrow roadways will benefit from a non-proprietary non-blocked out system by making more roadway width available
while still providing acceptable guardrail performance. Additionally, a non-proprietary alternative to the existing
non-blocked out guardrails would eliminate problems associated with identifying and properly repairing proprietary 31-in.
tall guardrail systems.

It should be noted that, even if the MGS is made to function without a blockout, the 12-in. block would still be
recommended where there was adequate space existing along the roadside. The blockout greatly improves the barrier's
capacity to contain and redirect high-energy impacts with high c.g. vehicles.
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TRANSPORTATION POOLED FUND PROGRAM
QUARTERLY PROGRESS REPORT

Nebraska Department of Roads
Lead Agency (FHWA or State DOT): ;

INSTRUCTIONS:

Project Managers and/or research project investigators should complete a quarterly progress report for each calendar
quarter during which the projects are active. Please provide a project schedule status of the research activities tied to
eduh lask that is defined in the propusal, a percenlage completion of each task, a concise discussion (2 or 3 senlerices) of
the current status, including accomplishments and problems encountered, if any. List all tasks, even if no work was done
during this period.

Transportation Pooled Fund Program Project # Transportation Pooled Fund Program - Report Period:
(i.e, SPR-2(XXX), SPR-3(XXX) or TPF-5(XXX)
UJQuarter 1 (January 1 — March 31)
TPF-5(193) Suppl. #34 LJQuarter 2 (April 1 — June 30)
LJQuarter 3 (July 1 — September 30)
¥iQuarter 4 (October 4 — December 31)

Project Title:
Assess Standard Weld Detail

Name of Project Manager(s): Phone Number: E-Mail
Reid, Sicking, Faller, Rosenbaugh 402-472-9324 srosenba@unlserve.unl.edu
Lead Agency Project ID: Other Project ID (i.e., contract #): | Project Start Date:
2611211048001 RPFP-11-MGS-4 7/1/2012
Original Project End Date: Current Project End Date: Number of Extensions:
12/31/2013

Project schedule status:

[J On schedule [ On revised schedule ¥ Ahead of schedule ] Behind schedule

Overall Project Statistics:

Total Project Budget Total Cost to Date for Project Percentage of Work
Completed to Date
$10,000 $10,000 90%

Quarterly Project Statistics:

Total Project Expenses Total Amount of Funds Total Percentage of
and Percentage This Quarter Expended This Quarter Time Used to Date
$1,181
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Project Description:

In 2001, the Midwest Roadside Safety Facility (MwRSF) successfully developed a guardrail connection for low-fill culverts
according to the Test Level 3 (TL-3) safety performance guidelines found in NCHRP Report No. 350. After evaluating
several base plates, bolts, and weld combinations with undesirable results, a final configuration was chosen which
consisted of a ¥%-in. plate attached with a 5/16-in. three-pass fillet weld on the critical flange and a 1/4-in. fillet weld on the
web and back-side flange. The final post design was successfully tested and evaluated using both dynamic component
bogie testing and full-scale vehicle crash testing.

During the implementation of the W-beam guardrail system for attachment to concrete box culverts, various State
Departments of Transportation have raised questions concerning the use of the three-pass fillet weld on the critical
flange. As such, there exists a need to re-examine the use of the three-pass weld and determine whether a simplified
alternative weld detail could be used in combination with the rigid post attachment.

Objectives / Tasks

1. Literature review of current practices

2. Design of new weld detail

3. Dynamic testing and analysis

4. Written Report containing design work, testing, and conclusions

Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):
Previously, all four projected bogie tests (combined between this project and its related project TPF-5(193) Suppl. #47,
RPFP-12 MGS 4) have been conducted and analyzed. Similar to the original study, the 3-pass weld was the only weld to
hold the impact force without fracturing or tearing the base plate.

Work this quarter continued on the the report documenting all testing and conclusions. Currently, an internal draft has
been completed and is in the process of being reviewed/edited. The report covers the results for both projects.
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Anticipated work next quarter:

The internal draft report (covering both this project and the related TP'F-5(193) Suppl. #47, RPFP-12 MGS 4) will be
edited. The subsequent revision shall be sent to the Midwest Pooled Fund States for review.

Significant Results:

Two weld designs were selected via popular vote from the Pooled Fund members. Both weld designs were evaluated
through a dynamic bogie impact test. During the tests the base plate tore adjacent to the weld on the front flange. During
the component testing for the related project, TPF-5(193) Suppl. #47, RPFP-12 MGS 4, the 3-pass weld again illustrated
is satisfactory performance even as the post and plate material strengths were increased from 36 ksi steel to 50 ksi steel.

Objectives / Tasks % Completed
1. Literature review of current practices 100%
2. Design of new weld detail 100%
3. Dynamic testing and analysis 100%
4. Written Report containing design work, testing, and conclusions 80%
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Circumstance affecting project or budget. (Please describe any challenges encountered or anticipated that
might affect the completion of the project within the time, scope and fiscal constraints set forth in the
agreement, along with recommended solutions to those problems).

Although this project has no remaining funds, the report shall be finalized using the funds from the related project: TPF-5
(193) Suppl. #47, RPFP-12 MGS 4. The report will cover the testing and conclusions for both projects.

Potential Implementation:

The development of a simplified, standard weld detail will be compatible with the culvert-mounted, W-beam guardrail
system and available for use on low-fill concrete box culverts.
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TRANSPORTATION POOLED FUND PROGRAM
QUARTERLY PROGRESS REPORT

Wisconsin Department of Transportation
Lead Agency (FHWA or State DOT): i P

INSTRUCTIONS:

Project Managers and/or research project investigators should complete a quarterly progress report for each calendar
quarter during which the projects are active. Please provide a project schedule status of the research activities tied to
each task that is defined in the proposal; a percentage completion of each task; a concise discussion (2 or 3 sentences) of
the current status, including accomplishments and problems encountered, if any. List all tasks, even if no work was done
during this period.

Transpoﬂation Pooled Fund Program Project # Transportation Pooled Fund Program - Report Period:
(i-e, SPR-2(XXX), SPR-3(X>5) or TPF-5(XXX) LJQuarter 1 (January 1 — March 31)
TPF-5(183) Suppl. #40 CJQuarter 2 (April 1 — June 30)

LJQuarter 3 (July 1 — September 30)

mQuarter 4 (October 4 — December 31)

Project Title:
Length of Need - B/C Analysis

Name of Project Manager(s): Phone Number: E-Mail
Albuquerque, Sicking, Faller 402-472-8600 dbenicio@huskers.unl.edu
Lead Agency Project ID: Other Project ID (i.e., contract #): | Project Start Date:
2611211060001 71/2011
Original Project End Date: Current Project End Date: Number of Extensions:
6/30/2014 6/30/2014

Project schedule status:

[J On schedule [0 On revised schedule ¥] Ahead of schedule [J Behind schedule

Overall Project Statistics:

Total Project Budget Total Cost to Date for Project Percentage of Work
Completed to Date
$113,499 $91,385 85%

Quarterly Project Statistics:

Total Project Expenses Total Amount of Funds Total Percentage of
and Percentage This Quarter Expended This Quarter Time Used to Date
$18,422
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Project Description:

Guardrail is used to shield motorists from collisions with roadside hazards and must extend long distances in advance of
any roadside obstacle to minimize the risk of a vehicle traveling behind the barrier and striking the hazard. When the
length of guardrail is increased, the risk that a vehicle will travel behind the barrier and strike the hazard is reduced.
However, guardrail is also a roadside hazard that produces approximately 1,200 fatal crashes across the nation every
year. Increasing the length of a guardrail installation increases the frequency of impacts with the barrier and thereby
increases the risk of a serious crash. Further, the increase in barrier crash frequency associated with each incremental
increase in guardrail length does not diminish as the guardrail is extended. At some point, the increase in the risk of
serious injuries and fatalities associated with extending the guardrail outweighs the reduction in the risk of a vehicle
traveling behind guardrail and producing serious injury or fatal impacts with the shielded hazard. Extending the guardrail
beyond this optimal length will increase the overall risk that motorists will be involved in a serious injury or fatal crash.

The objective of this research effort is to quantify the probability of a vehicle traveling behind guardrail and striking a
shielded hazard and its relationship to guardrail length. This probability will then be used to develop a revised procedure
for determining optimal guardrail upstream length.

Objective / Task

1. Literature review

2. Guardrail, hazard and crash data collection

3. Data analysis

4. RSAP analysis

5. Written report containing all analysis and conclusions

Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):
All RSAP analyses have been completed and documented.
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Anticipated work next quarter:

The data analysis will be completed and documented. The draft report will be completed and submitted to Wisconsin

DOT, the sponsoring agency.

Significant Results:
None

Objective / Task

1. Literature review

2. Data collection

2. Accident data analysis

3. RSAP analysis

4. Written report containing all analysis and conclusions

% Complete
100%
100%
80%
100%

75%
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Circumstance affecting project or budget. (Please describe any challenges encountered or anticipated that
might affect the completion of the project within the time, scope and fiscal constraints set forth in the
agreement, along with recommended solutions to those problems).

None

Potential Implementation:

The proposed research study would develop guardrail length design procedures calibrated to provide
optimal safety for occupants of vehicles involved in ran-off-road crashes. These new procedures should
provide both a reduction in the cost of guardrail construction and a reduction in the overall risk of motorist
injury and fatality.
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TRANSPORTATION POOLED FUND PROGRAM
QUARTERLY PROGRESS REPORT

Wisconsin Department of Transportation
Lead Agency (FHWA or State DOT):

INSTRUCTIONS:

Project Managers and/or research project investigators should complete a quarterly progress report for each calendar
quarter during which the projects are active. Please provide a project schedule status of the research activities tied to
eadl lask that is defined in the propusal, d percenlage completion of eadh lashk, a conicise discussion (2 ur 3 sentences) of

the current status, including accomplishments and problems encountered, if any. List all tasks, even if no work was done
during this period.

Transportation Pooled Fund Program Project #
(i.e, SPR-2(XXX), SPR-3(XXX) or TPF-5(XXX)

Transportation Pooled Fund Program - Report Period:

UJQuarter 1 (January 1 — March 31)
TPF-5(193) Suppl. #41 LlQuarter 2 (April 1 — June 30)

LIQuarter 3 (July 1 — September 30)

ﬁQuarter 4 (October 4 — December 31)

Project Title:
Crashworthy Pedestrian Rail

Phone Number:
402-472-9070

E-Mail
kpolivka2@unl.edu

Name of Project Manager(s):
Reid, Sicking, Faller, Bielenberg, Lechtenberg

Lead Agency Project ID:

2611211061001

Other Project ID (i.e., contract #):

Project Start Date:
7/1/2011

Original Project End Date:
6/30/2014

Current Project End Date:
6/30/2014

Number of Extensions:
0

Project schedule status:

ﬂ On schedule

Overall Project Statistics:

[J On revised schedule

[0 Ahead of schedule

[J Behind schedule

Total Project Budget

Total Cost to Date for Project

Percentage of Work
Completed to Date

$234,629

$19,124

10%

Quarterly Project Statistics:

Total Project Expenses
and Percentage This Quarter

Total Amount of Funds
Expended This Quarter

Total Percentage of
Time Used to Date

$7.,880
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Project Description:

Situations arise on the roadside where a barrier or rail is required to prevent pedestrians from crossing into a certain area
which may be acceptable for an errant vehicle. Although these rails would not need to redirect or stop an errant vehicle,
they must also not present additional hazards to the motoring public. These rails/fences should not cause excessive
decelerations, vehicle snag points, vehicle instabilities, or produce fragments that may cause harm to other motorists
when impacted. In addition, pedestrian rail systems must comply with the Americans with Disabilities Act (ADA).
Therefore, a need may exist for a crashworthy pedestrian rail to protect pedestrians and prevent improper street
crossings.

The objective of this research effort is development of a pedestrian rail to be ADA compliant and crashworthy. The
objectives will be to identify the highest priority, crashworthy pedestrian rail need, to develop viable design concepts to
meet that need, to finalize development of the crashworthy pedestrian rail system, and to perform the necessary MASH
compliance tests for the system.

Objectives / Tasks

. Literature review

. Identification of rail needs and design criteria

. Pedestrian rail design concepts

. Component testing of design concepts

. Summary report of design concepts

. Finalize system details

. Full-scale crash testing (MASH 2-91)

. Full-scale crash testing (MASH 2-90)

. Written report documenting design, testing, and conclusions

W oo~ 0oLk WM =

Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):

The highest priority need was determined from the surveys sent to the Pool Fund member states. This need was
determined to be to prevent jaywalking across busy roadways. However, potential adaptation for culvert situations on the
edge of the roadways was also to be considered.

The draft report with documentation of literature review findings continued.

Brainstorming of design concepts continued for material that met geometric requirements determined from the loading
criteria. Rails placed in sections and long-spans are being considered as well as visibility through the rails.
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Anticipated work next quarter:
Design concepts brainstorming and refinement will continue. Documenattion of the literature search results will continue.

Significant Results:

None

Objectives / Tasks % Complete
1. Literature review 80%
2. Identification of rail needs and design criteria 95%
3. Pedestrian rail design concepts 60%
4. Component testing of design concepts 0%
5. Summary report of design concepts 25%
6. Finalize system details 0%
7. Full-scale crash testing (MASH 2-91) 0%
8. Full-scale crash testing (MASH 2-90) 0%
9. Written report documenting analysis, design, testing, and conclusions 0%
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Circumstance affecting project or budget. (Please describe any challenges encountered or anticipated that
might affect the completion of the project within the time, scope and fiscal constraints set forth in the
agreement, along with recommended solutions to those problems).

None

Potential Implementation:

The results from this research will provide a cost effective, ADA compliant, crashworthy, pedestrian rail
that prevents foot traffic from crossing but does not pose as a hazard to errant vehicles.
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TRANSPORTATION POOLED FUND PROGRAM
QUARTERLY PROGRESS REPORT

Wisconsin Department of Transportation
Lead Agency (FHWA or State DOT):

INSTRUCTIONS:

Project Managers and/or research project investigators should complete a quarterly progress report for each calendar
quarter during which the projects are active. Please provide a project schedule status of the research activities tied to
each task that is defined in the proposal; a percentage completion of each task; a concise discussion (2 or 3 sentences) of
the current status, including accomplishments and problems encountered, if any. List all tasks, even if no work was done
during this period.

Transportation Pooled Fund Program Project #
(i.e, SPR-2(XXX), SPR-3(XXX) or TPF-5(XXX)

Transportation Pooled Fund Program - Report Period:

[JQuarter 1 (January 1 — March 31)
TPF-5(193) Suppl. #42 OQuarter 2 (April 1 - June 30)
[lQuarter 3 (July 1 — September 30)

MaQuarter 4 (October 4 — December 31)

Project Title:
Zone of Intrusion Concrete Barriers

Phone Number: E-Mail

402-472-3084

Name of Project Manager(s):

Reid, Sicking, Faller, Bielenberg, Lechtenberg jreid@unl.edu

Project Start Date:
July 1, 2011

Lead Agency Project ID: Other Project ID (i.e., contract #):

2611211062001

Original Project End Date:
June 30, 2014

Current Project End Date: Number of Extensions:
June 30, 2014 0

Project schedule status:

E On schedule [ On revised schedule [0 Ahead of schedule 0 Behind schedule

Overall Project Statistics:

Total Project Budget Total Cost to Date for Project Percentage of Work
Completed to Date
$58,942 $48,080 80%

Quarterly Project Statistics:

Total Project Expenses
and Percentage This Quarter

Total Amount of Funds
Expended This Quarter

Total Percentage of
Time Used to Date

TPF Program Standard Quarterly Reporting Format —7/2011




Project Description:

In 2010, MwRSF performed a ZOI study for the Florida DOT. That study investigated a 40-in. high, F-shape concrete
barrier under NCHRP Report 350 TL-3 criteria. LS-DYNA was used to simulate a 2000P vehicle model impacting the
barrier under several conditions. Those being (1) without any tire/suspension failure, (2) with suspension failure, and (3)
with tire air out after initial impact.

WisDOT has had some previous discussions with MWRSF about working width for the single sloped barrier. Those
discussions were not documented in any sort of report. Because most crash testing with concrete barriers have been
performed with barrier heights of 32", there is little crash test data for taller barrier heights. Based on those discussions
and lack of test data, WisDOT took a conservative approach to working width and ZOI. Basically, the approach was to
assume that the ZOI and working width would be no greater than those determined for a 32" height barrier values as the
barrier height increased.

The objective of this research is to either verify that the current ZOIl and working width values are sufficient or to
recommend updated values based on LS-DYNA simulation.

Objectives / Tasks

1. Literature review of ZOI values

2. LS-DYNA Simulation of 2270P impacts on single slope barriers
3. Written reports documenting all work and conclusions

Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):

Zone of Intrusion and working width values were evaluated for multiple impact conditions. It was determined that the
impact conditions tested during the study were the most critical, realistic impact conditions that the current model could
experience. A write-up of the results was conducted, and was submitted for internal review.

A model of a vehicle seat was obtained, and simulations were performed to evaluate its stability and dynamic
performance. After approving the seat model, a model of an occupant was evaluated and placed in the seat to further
evaluate the seat stability. A seat belt model was reviewed and selected. The belt model was placed across the simulated
occupant's lap and shoulder, and the stability of the seatbelt model was determined. After determining an appropriate
seatbelt model, the model was added into a full-scale crash to determine the model validity and to evaluate a simulated
occupant placed in a vehicle.

The literature review report was edited and submitted for another internal draft.
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Anticipated work next quarter:

Complete the internal reviews of the two reports, update appropriately and submit to WsDOT for review.

Significant Results:

Extensive database of information for the literature review has been developed.

Objectives / Tasks % Complete
1. Literature review of ZOl values 95%

2. LS-DYNA Simulation of 2270P impacts on single slope barriers 100%

3. Written reports documenting all work and conclusions 70%
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Circumstance affecting project or budget. (Please describe any challenges encountered or anticipated that
might affect the completion of the project within the time, scope and fiscal constraints set forth in the
agreement, along with recommended solutions to those problems).

none

Potential Implementation:

Information gained from this project will provide WisDOT a higher confidence level in their concrete barrier working widths

and ZIO dimensions.
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TRANSPORTATION POOLED FUND PROGRAM
QUARTERLY PROGRESS REPORT

Wi in Depart tof T rtati
Lead Agency (FHWA o State DOT): isconsin Department of Transportation

INSTRUCTIONS:

Project Managers and/or research project investigators should complete a quarterly progress report for each calendar
quarter during which the projects are active. Please provide a project schedule status of the research activities tied to
each task that is defined in the proposal; a percentage completion of each task; a concise discussion (2 or 3 sentences) of

the current status, including accomplishments and problems encountered, if any. List all tasks, even if no work was done
during this period.

Transportation Pooled Fund Program Project # Transportation Pooled Fund Program - Report Period:
(i.e, SPR-2(XXX), SPR-3(XXX) or TPF-5(XXX)
LlQuarter 1 (January 1 — March 31)
TPF-5(193) Suppl. #43 LJQuarter 2 (April 1 — June 30)

[IQuarter 3 (July 1 — September 30)

ﬁQuarter 4 (October 4 — December 31)

Project Title:
Roadside Grading Guidance - Phase I

Name of Project Manager(s): Phone Number: E-Mail
Reid, Sicking, Faller, Bielenberg, Lechtenberg 402-472-6864 rfaller1@unl.edu
Lead Agency Project ID: Other Project ID (i.e., contract #): | Project Start Date:
2611211063001 7/1/2011
Original Project End Date: Current Project End Date: Number of Extensions:
6/30/2014 6/30/2014 0

Project schedule status:

¥ On schedule [] On revised schedule [ Ahead of schedule [ Behind schedule

Overall Project Statistics:

Total Project Budget Total Cost to Date for Project Percentage of Work
Completed to Date
$199,502 $ 40,208 80%

Quarterly Project Statistics:

Total Project Expenses Total Amount of Funds Total Percentage of
and Percentage This Quarter Expended This Quarter Time Used to Date
$ 2,367

TPF Program Standard Quarterly Reporting Format —7/2011



Project Description:

Currently, it is difficult for designers to quantify the safety benefits of flattening roadway slopes. Consequently, a designer
may not choose the most cost-effective roadside treatment for a given location. There are some tools to assist designers,
however, these tools are difficult to use, time consuming, require training, and would be difficult to implement in a
statewide policy. Therefore, there was a need to develop a tool (e.g. a series of graphs or charts) to help designers
choose if flattening a slope for a given project is cost beneficial and, if so, identify the most appropriate method for
providing slope flattening.

Previously, WisDOT funded a research study with the Midwest Roadside Safety Facility (MwRSF) to examine and update
the severity values of roadside slopes, determine the range of slope conditions to be considered, and perform a benefit
cost analysis to determine appropriate grading guidance. The total accident database contains approximately 20,000
accident cases, but the previous project analyzed only 1,500 of them due to budget limitations. The preliminary analysis
of the data has only provided the average severity of slopes on rural arterials. These data cannot provide accurate
correlation with speed limits and the depth of slope without expansion of the number of accident cases. It is believed that
analysis of more accident data would allow determination of corresponding speed limits and slope depths. Thus, there is
a need to expand this study with a second phase in order to improve the quality and accuracy of the slope grading
guidance through analysis of as many of the available accident cases as possible.

Objectives / Tasks

1. Accident data collection

2. Data analysis and determination of critical elements

3. RSAP analysis

4. Written report documenting all analysis and conclusions

Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):
Of the two papers submitted to the 2013 Annual Transportation Research Board (TRB) Meeting, one was selected for
presentation. Therefore, that paper was improved per recommendations made by external and internal reviewers and

resubmitted to TRB.

Review of the internal draft report continued.
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Anticipated work next quarter:

Internal review of the draft report is expected to be completed. As soon as the internal review is completed, the final

report will be submitted to the sponsor agency.

In addition, a presentation detailing the process by which the severity index of embankments was determined for this
project will be created. It will be presented at the 2013 Annual TRB meeting in lectern session 631.

Significant Results:

Objectives / Tasks

1. Accident data collection

2. Data analysis and determination of critical elements

3. RSAP analysis

4. Written report documenting all analysis and conclusions

% Completed
100%
100%
100%

80%
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Circumstance affecting project or budget. (Please describe any challenges encountered or anticipated that
might affect the completion of the project within the time, scope and fiscal constraints set forth in the
agreement, along with recommended solutions to those problems).

none

Potential Implementation:

This research will provide designers with a tool that simplifies and expedites the process of designing roadside slope
geometry. In addition, the guidelines developed herein will provide a uniform policy for roadside design throughout the
state of Wisconsin, thus improving the consistency and safety of the roadside slope geometries in the state. Finally, this

research should provide for more cost effective use of limited state highway funds by defining the most cost effective
slope designs.
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TRANSPORTATION POOLED FUND PROGRAM
QUARTERLY PROGRESS REPORT

Midwest Roadside Safety Facility, UNL
Lead Agency (FHWA or State DOT): ! byasliy

INSTRUCTIONS:

Project Managers and/or research project investigators should complete a quarterly progress report for each calendar
quarter during which the projects are active. Please provide a project schedule status of the research activities tied to
each task that is defined in the proposal; a percentage completion of each task; a concise discussion (2 or 3 sentences) of
the current status, including accomplishments and problems encountered, if any. List all tasks, even if no work was done
during this period.

Transportation Pooled Fund Program Project # Transportation Pooled Fund Program - Report Period:
i.e, SPR-2(XXX), SPR-3(XXX) or TPF-5(XXX
( (2029 o) P [JQuarter 1 (January 1 — March 31)

SPR-3(017) Supplement #49
ClQuarter 2 (April 1 — June 30)

LlQuarter 3 (July 1 — September 30)
ﬁOuarter 4 (October 4 — December 31)

Project Title:
MGS Implementation (Year 18)

Name of Project Manager(s): Phone Number: E-Mail
Reid, J.D., Sicking, D.L., & Faller, R.K. 402-472-6864 (Faller) rfaller1@unl.edu
Lead Agency Project ID: Other Project ID (i.e., contract #): | Project Start Date:
RPFP-08-07 (2611120095008) SPR-3(017) Supplement #49 September 1, 2007
Original Project End Date: Current Project End Date: Number of Extensions:
December 31, 2009 December 31, 2012 6

Project schedule status:

[J On schedule ¥ On revised schedule [0 Ahead of schedule [J Behind schedule

Overall Project Statistics:

Total Project Budget Total Cost to Date for Project Percentage of Work
Completed to Date
$15,928 (original) $12,312 77%

Quarterly Project Statistics:

Total Project Expenses Total Amount of Funds Total Percentage of
and Percentage This Quarter Expended This Quarter Time Used to Date
$1,281 (8%) $1,281 77%
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Project Description:

This project consists of MGS implementation assistance and guidance for the Pooled Fund member states. Four general
categories were initiated for the MGS. They are as follows:

Task % Completed
Standard, Half, and Quarter Post Spacing 100
MGS with Curbs and MGS with 2:1 Slopes 100
MGS with Culvert Applications 100
MGS Stiffness Transition 5

In 2007, Pooled Fund consulting funds were used to assist states with the MGS implementation effort. MWRSF began the
effort with a review of CAD details from the lllinois and Washington DOTSs. Project correspondence occurred via email
with a pre-determined Technical Working group. To date, three subject areas were covered and are as follows: (1)
Standard, Half, and Quarter Post Spacing; (2) MGS with Curbs and MGS on 2:1 Slopes; and (3) MGS with Culvert
Applications. A fourth category, MGS Stiffness Transition, was delayed in order to await the completion of a simplified,
steel-post and wood-post approach guardrail transition.

The final reporting of the simplified, steel-post, approach guardrail transition system attached to the MGS was completed
in the Fourth Quarter of 2010. The final reporting of wood post R&D effort was completed in November 2011, including
dynamic bogie post testing and Barrier VIl analysis. The MGS implementation activities commenced in the 1st Quarter of
2012 with the updating of the discussion group members and request for MGS standards for each State DOT.

Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):

The MGS implementation activities commenced in the 4th Quarter of 2012. Technical review and support has been
provided to the Ohio DOT in updating their MGS standard plans. Continued technical review and support was also
provided to'the Kansas DOT in updating their plans for the MGS attached to culverts. Once the Ohio DOT and Kansas
DOT plans have been revised, MWRSF will acquire those updated MGS plans and share them with the Pooled Fund
member states.

Further, many existing MGS R&D studies, such as those involving non-blocked MGS with steel posts and MGS with wood
SYP posts, have been modified to include enhanced discussion and guidance on the implementation of the MGS in
special applications.
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Anticipated work next quarter:

As of November 30, 2012, approximately $12,312 of the $15,928 total project funds have been expended. It is expected
that the remaining project funds in the amount of $3,616 will be utilized in December 2012 for continued MGS
implementation activities. However, the MGS implementation efforts will continue into the First Quarter of 2013 and

require the use of contingency funds.

Significant Results:

To date, MWRSF has provided review and comment regarding the MGS standard plans for Washington, lllinois, Kansas,
Nebraska, and Ohio and for the first three categories and part of the fourth category. Since much of this effort began
several years ago, the first three categories will be re-reviewed as many states are actively preparing and updating MGS

details.

TPF Program Standard Quarterly Reporting Format — 7/2011



Circumstance affecting project or budget. (Please describe any challenges encountered or anticipated that
might affect the completion of the project within the time, scope and fiscal constraints set forth in the
agreement, along with recommended solutions to those problems).

As of November 30, 2012, approximately $12,312 of the $15,928 total project funds have been expended. It is expected
that the remaining project funds in the amount of $3,616 will be utilized in December 2012 for continued MGS
implementation activities. However, the MGS implementation efforts will continue into the First Quarter of 2013 and

require the use of contingency funds.

Potential Implementation:

MwRSF's review and comment has assisted several State DOTs with the advance implementation of the MGS and its

design variations.
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TRANSPORTATION POOLED FUND PROGRAM
QUARTERLY PROGRESS REPORT

Nebraska Department of Roads
Lead Agency (FHWA or State DOT): i

INSTRUCTIONS:

Project Managers and/or research project investigators should complete a quarterly progress report for each calendar
quarter during which the projects are active. Please provide a project schedule status of the research activities tied to
each task that is defined in the proposal; a percentage completion of each task; a concise discussion (2 or 3 sentences) of
the current status, including accomplishments and problems encountered, if any. List all tasks, even if no work was done
during this period.

Transportation Pooled Fund Program Project # Transportation Pooled Fund Program - Report Period:
(i.e, SPR-2(XXX), SPR-3(XXX) or TPF-5(XXX)
[JQuarter 1 (January 1 — March 31)

TPF-5(193) Suppl. #19 CJQuarter 2 (April 1 — June 30)
ClQuarter 3 (July 1 — September 30)

¥Quarter 4 (October 4 — December 31)

Project Title:
Phase Il - Guidelines for Post-Socketed Foundations for 4-Cable, High-Tension, Barrier System

Name of Project Manager(s): Phone Number: E-Mail
Reid, Sicking, Faller, Rosenbaugh 402-472-9324 srosenbaugh2@unl.edu
Lead Agency Project ID: Other Project ID (i.e., contract #): | Project Start Date:
2611211026001 RPFP-10-CABLE-1 7/1/2009
Original Project End Date: Current Project End Date: Number of Extensions:
7/31/2012 4/30/2013 1

Project schedule status:

[0 On schedule [0 On revised schedule [0 Ahead of schedule ] Behind schedule

Overall Project Statistics:

Total Project Budget Total Cost to Date for Project Percentage of Work
Completed to Date
$92,207 $11,319 35%

Quarterly Project Statistics:

Total Project Expenses Total Amount of Funds Total Percentage of
and Percentage This Quarter Expended This Quarter Time Used to Date
$41
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Project Description:

This project is the second Phase of a project which was undertaken the year previous - split up due to available funds in
previous year not being sufficient to cover entire project.

High-tension cable barriers often incorporate socketed post foundations to simplify repair of the system after an accident.
Barrier posts are designed to slide in and out of a ground socket for easy replacement of damaged components.
Unfortunately, there have been numerous examples of socketed post foundations that are damaged during a cable
barrier crash. In most cases, socket damage requires repair crews to either replace the socket itself or drive a post
directly into the soil adjacent to the damaged component. Either situation defeats the purpose of using sockets and
greatly increases the time necessary to restore a damaged barrier. The increased repair time translates into higher
maintenance costs and increased risk to repair crews working adjacent to high-speed facilities.

Many existing socketed post foundation designs are constructed by drilling a hole in the soil, placing a steel sleeve in the
hole, and backfilling with Portland cement concrete. Many of these designs do not have sufficient reinforcement to resist
impact loads that are transmitted into the socket. Further, many of the sockets are too short to resist frost heave that can
push the posts out of the ground. Thus, there is a need for general design guidelines that states can incorporate to assure
that socketed post foundations perform as intended when used in the field.

Objectives/Tasks:

1. Design new socket foundations for barrier posts.

2. Fabrication and dynamic testing of socketed foundations.

3. Analysis of test data and evaluation of socketed foundation designs.
4. Written report documenting all work and conclusions.

Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):

Previously, dynamic bogie testing was conducted on concrete foundations in stiff soil (AASHTO grade B). The 12"
diameter concrete foundations continued to see damage in the form of large concrete pieces breaking free from the top -
back side of the foundation during testing. From these tests, 36 inches appears to be the minimum embedment depth to
limit deflections. Additionally, work has continued on the report documenting all testing and conclusions.

Recently, the posts to be used in the new, non-proprietary, cable median barrier have been switched from an S3x5.7 to a
bent plate, channel shaped post. Work on the foundation design has been waiting for the design of these new posts to be
finalized before further testing will take place.
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Anticipated work next quarter:

Upon the selection of a new post for use in the new, non-proprietary, cable median barrier system, the foundation design
will be re-evaluated and redesigned. The new posts are to be significantly weaker that the previous S3x5.7 posts, so the
existing socketed foundation design may get smaller and/or have reduced internal steel.

Additionally, a critical mow strip design will be selected for evaluation with the socketed post foundations. The foundation
design may be modified to reflect the increase in confinement strength that the mow strip will provide. New designs will
be dynamically tested to evaluate performance.

Significant Results:

Phase | of this project included the evaluation of 4 new socketed foundation designs. All 4 of these first round designs
experienced heavy damage in the form of concrete fracture and plastic deformation of the reinforcing steel. As a result, 4
new reinforcement designs were configured to provide additional strength to the socketed foundation.

Round 2 of testing saw four foundations designs evaluated in sand. Although concrete shear failure occurred in all
designs, the 60" embedment proved adequate to resist rotation in weak/saturated/sandy soils.

Round 3 of testing determined 36 was the required embedment depth for 12" diameter foundations placed in strong soil
(AASHTO Grade B).

Objectives/Tasks: % Completed (Phase II)
1. Design new socket foundations for barrier posts. 40%
2. Fabrication and dynamic testing of socketed foundations. 40%
3. Analysis of test data and evaluation of socketed foundation designs. 30%
4. Written report documenting all work and conclusions. 20%
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Circumstance affecting project or budget. (Please describe any challenges encountered or anticipated that
might affect the completion of the project within the time, scope and fiscal constraints set forth in the
agreement, along with recommended solutions to those problems).

Additional (matching) funds for Phase-I of this project were obtained through a Mid-America Transportation Center
program. This matching funding was used during the first round of design, testing, and evaluation for the socketed
foundations. Thus, some of the original Phase-I funding remains as it was not used until the MATC funding was depleted.
As a result, the continuing work which would have been conducted under Phase Il of the project is being charged to the
Phase | project until the funds are gone. Limited time has been charged to the Phase Il project to date, but the test

charges from Round 2 of testing have been placed on this project's budget.

This project was originally set to close on July 31, 2012. However, the additional funding obtained for Phase-I of the
project has resulted in remaining funds in the Phase-I project and nearly all of the funds remaining for Phase-lI.
Therefore, an extension was granted extending the closing date to 4/30/2013.

Potential Implementation:
Upon successful completion of this project, State DOT's will have the option to use a socketed post foundation for cable
barrier system posts. The socketed foundation will allow for quick, easy, and inexpensive repairs to damaged sections of

the barrier.
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TRANSPORTATION POOLED FUND PROGRAM

QUARTERLY PROGRESS REPORT

Lead Agency (FHWA or State DOT):

INSTRUCTIONS:

Mebraska Department of Roads

Project Managers and/or research project investigalors should complete & quarterly progress report for each calendar
quarfer during which the profects are active, Please provide & project schedule stalus of the research activities tied to
i) fash hat i delimed in the propozal; & percentage completion of each task: a concige discussion (7 ar 3 senfences) of
the curren! stalus, including sccamplishments and preblams encounfered, if any. List all fasks, even if no wark was done

during this peviod,

TPF-5[1593) Supplement #31

[ Transportation Pooled Fund Program Project #
fi.e, SPR-2{XXX), SPR-J{XXX) or TPF-5{XXX)

Transportation Pooled Fund Pragram - Report Period:
LiQuarter 1 {January 1 - March 31)

Ocuarter 2 (April 1 — June 309
ClGuarter 3 (July 1 - Seplember 30)
¥iquarter 4 {Dctober 4 = Decembar 31)

Project Title:

Wood Past for MGS

Mame of Project Manager(s):
Reid. Sicking, Faller, Lechtenberg, Bielenberg

Phone Mumbar:
402-472-9070

E-Mail
kpolivkaZ@unl edu

Lead Agency Project ID:

Other Project ID (i.e., contract #):

Project Start Date:

2511211045001 RPFP-11-M3G5-1 Ao
T:hrlginat Project End Date: Current Project End Date: Mumbar of Extensions:
12031113 12131113 i

Project schedule status:
EI Un schedule

Owerall Projact Statistics:

[ On revised schadula

I ahead of schedule

Ll Behind schedulz

Total Project Budget Total Cost to Date for Project Percentage of Woark
Completed to Date
$121.215 586,028 75

Quarterly Project Sfatistics:

Total Project Expenses
and Percentage This Quarter

Total Amount of Funds
Expended This Quarter

Total Percentage of
Time Used to Date

31,435
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Project Description;

Altheugh the Federal Highway Administration has approved the use of the MGS with both Wex@ steel and Bxd-in. woad
posts, no rectanguiar standard southern yellow pine post designs have been subjected to full-scale crazh lasting
according to the MASH criteria. Eventually this testing needs 1o be conducted to verify the MGS performance with the
moel common wood post used in the United States,

Objective: Verify that BxB-in. southern yellow pine wood post opticn for MGS has similar characteristics to the stesl post
MGS.

Tasks:

1. Full-scale crash testing (MASH 3-10 and 3-11)

2. Analysis and documentation of tesl results

3. Research report

4. Hardware guide drawings and FHWA acceplance

Progress this Quarter (includes meetings, work plan status, contract status, slgnificant progress, ete,):

Review of the internal drafi repon continued.
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Anticipated work noext quarter:

Review of the internal dralt report will be completed. The draft report will be submitted to the Poaled Fund member states
for review and camment.

Significant Results;

On August 3, 2011, MwREF conducted one pickup crash test {lest no. MGSSYP-1) into & 31-in. tall Midwest Guardrail
System (MGS) with standard southermn yellow pine wood posts using a Z270-kg Dodge QuadCab according 1o the TL-3
safety performance guidefines of MASH. The pickup was successfully contained and redirected.

On September 13, 2011, MwRSF conducted one small car test (test no. MGSSYP-2) inta & 32-in_ tall Midwest Guardrail
System {MGS) using an 1100-kg Kia Rio according to fhe TL-3 MASH safety performance guidelings, Again, the small car
was successiully confained and redirected.

Task "% Completa
1 Full-scale crash testing (MASH 3-10 and 3-11) 100%
2. Analysis and documentation of test results 100%
3. Research report B5%
4. Hardware guide drawings and FHWA acceptance 0%
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Circumstance affecting project or budget. (Please describe any challe nges encountered or anticipated that
might affect the completion of the project within the time, scope and fiscal constraints set forth in the
agreement, along with recommended solutions to those problems).

The same lest pit was used for Project Na RPFP-11-MG5-3 - TPF-5({193) Supplemant #33, Project Title: MGS withaut
Blockouts. The wood post MGS system was constructed and tested following the completion of the aforementioned
project. However, there are no additional problems or issues 1o report at this time.

Potential Implementation:
Full-scale crash lesting and verification of the safety performance of the southern yellow pine post MGS systam wil
provide designers with increased confidence when specifying a racta ngular wood post opfion for the MGS. In additian,
gpecifying wood posts can be a less costly allernativa to steel posts in some areas, and wood posts may provide for a

mare aesthedic treatmeant
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TRANSPORTATION POOLED FUND PROGRAM
QUARTERLY PROGRESS REPORT

Lead Agency (FHWA or State DOT):

Mebraska Department of Roads

INSTRUCTIONS:

Projec! Managers andfor research praject investigators should complete a quarterly progress repart for each calendar
quarter during which the projects are active. Please provide a project schedule status of the research activities lied to
gach task that is defined in the proposal; a perceniage complefion of sach taak; a cancise discussion (2 or 3 senlerces) of
the current stafus, including accomplistments and problems encountered, if any. List all tasks, even if no work was done

diring Mhis period.

TPF-5{193) Supplement #44

| Transportation Pooled Fund Program Project #
[l.e, ZPAR-2{XXX], SPR-IXXE) ar TEF-5[XXX)

Transportation Pooled Fund Program - Report Periad:
[1Quarter 1 {January 1 — March 31)

UlQuarter 2 (April 1 — June 30}
ClQuarter 2 {July 1 — September 30]
¥lQuarter 4 {Oclober 4 — December 31

Project Title:

Mame of Project Manager(s]:
Reid, Sicking, Faller, Bielenberg, Lechtenberg

Phaone Mumbar:
402-472-8070

Completion of the Development and Evaluation of the Midwest Four-Cable, High-Tension, Median Barrier Fhase |

| E-Mail

kpolivka2i@unl.ady

Lead Agency Project ID:

Other Project ID [i.e., contract #-]-_'

Project Start Date:

2611211064001 REFP-12-CABLE142 71
Original Project End Date: Current Project End Date: Number of Extensions:
BI04 Ef30N14 0

Froject schedule siatus:

# On schedule

Cwverall Project Slatistics:

O On orevised schedule

[ Ahead of schedule

LI Behind schedule

Total Project Budget Total Cost to Date for Project Percentage of Work
Completed to Date
$233,262 165,161 (+5100,448 from ¥r 21 Con 85

Quarterdy Project Statislics:

Total Praject Expenses
and Percentage This Quarter

Total Amount of Funds
Expendad This Quarter

Total Percentage of
Time Used to Date

$42, 366 (+525,084 from ¥r 21 Cont.}
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Project Description:

This project is an extension 1o previous projeclts {RPFP-0B-02: Four-Cable Madian Barrier in 4:1 V-Ditch; RPFP-09-01
Mew Funding for High-Tension Cable Barrier on Level Terrzin with Mew Cable Attachment: and RPFP-10-CABLE-2:
Replacement Funding for High-Tension Cable Barrer on Lavel Terrain).

Original Objective: To complete the developmeni. testing, and evaluation of the four-cable, high-lension, madian barmer
system for use in 4H:1V sloped medians.

Revisad OUjeclive, To cumplele e development, lesling, and evaluation of the four-cable, high-tension, median barrar
syslem placed 0 to 4 it away from the slope break paint of a BH; 1V sloped medians.

Tasks:

Full-zcale crash testing (MASH 2-10)

Full-scale crash tasting (MASH 3-11)

Full-scale crash testing (Addiional MASH 15004)
Analysis and documentation of test resulis
Research report (&)

Hardware guide drawings and FHWA acceplance

G B oL P

Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):
"**The taxt of what was done this quarer extends further than whal is shown. Click within the boe and scroll down ***

Review of the internal draft report of fest no. 4CMBLT-1 was completed, The draft report was submitted 1o the Pooled
Fund membsar states for review and comment on October 26, 2012,

The bwo different designs of the one-pisce, tabbed brackets {which are an allemative design io the keyway boits) were
continuing 1o be investigated, The second allemative design were bolted tabbed brackets and were fested in test nas.
HTTE-2 through HTTE-16. They behaved in a way which was similar to the keyway bolts because, like the keyway bolls,
they were relatively fixed at the bottomn where they were bolled to the jig. Bolh the 10-gauge and the 11-gaugs versions
exhibited some scraping against the inside of ihe flange as they were pulled vertically, but not 1o the extent a5 seen with
the crimp-in-place designs. Both versions fractured through the top tab when pulled Iaterally, The 10-gauge bolled tabbed
bracket had vertical and laterzl releasa loads of 0,94 kips and 4.57 kips, respeciively. The 11-gauge boled fabbed
bracket had vertical and lateral release loads of (.75 kips and 5.18 kips, respectivaly.

Design modifications of the bolted 1abbed bracke! design were investigated. The new designs aimed fo further raduce the
vertical release loads by extending the distance batween the inside of the flange and the par of the top tab which rubs
against it. The new designs were being fabricated,

The straight brass rod concept for the top cable attachment was selected to be dynamically compaonent tested. This
dynamis tast was conducted in mid-Movember,

The new folded C-channel post made from sheet steel were fabricated from two different sheet thicknesses. Sixleen

TPF Program Standard Quarterly Reporting Format = 772011




Anticipated work next quarter:

Comments receiva from the Pocled Fund member states will be reviewed and implermentad infe ihe ressarch repart of
4CMBLT-1, The final report will be published and disseminated io the Pooled Fund member states.

The top cable attachment dynamic component testing will be analyzed, evaluated, and docurmented,
The dynamic component testing of the new folded C-channel post made from sheet sleel will be anabyzed.
The new designa for the bolted tabbed bracket desgn will vall e invesligaled Urough dynamic componsn lesling s

done with the previous designs. However, if the new post section shows promising results, the new bolled tabbed bracket
design will be fested with this post section

An update meeling with the Pocled Fund member states will be scheduled for the next quarter afler the resufts of fhe
abaove mentionad companent testing has been completed.

& report will be inifiated that will includs the component tests conducted on the tabbed bracket and keyway bolt designs,
the top cable attachment concepts and design, and the foldad C-channal posts.

Significant Results:

As tne result of the guidance from the member States in August 2011, it was decided the four-cable barrier syslem would
be daveloped for use on sloped medians as steep as 6H: 1Y instead of 4H:1V but still placed 0 to 4 ft away fram {he slopa
break point (Plan B from leter dated August 15, 20113

Task % Complate
1. Full-scale crash testing (MASH 3-10) b
2. Full-zcale crash testing (MASH 3-11) - 4CMB-5 100%
3. Full-zcale crash tesiing (Additicnal MASH 15004) - ACMBLT- 100%
4, Analysiz and documentation of fest rezsults - 4CMB-5 100%
5. Analysis and documentation of fest results - 4CMBLT-1 1005
E. Anzlysis gnd documentation of 1est results (MASH 3-10} 0%
7. Research report - 4CME-4 and 4CMBE-5 1005
g. Resaarch report - 4CMBLT-1 A5
8. Research report 0%
10. Research report - Vehicla Trajectory Analysis 100%
11. Hardware guide drawings and FHWA acceptance 0%
12. Redesign of system OB
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Circumstance affecting project or budget. [Please describe any challenges encountered or anticipated that
might affect the completion of the project within the time, scope and fiscal constraints set forth in the
agreegmaent, along with recommended solutions to those problems).

This project is an extension io previous projecis (RPFP-0B-02: Four-Cable Median Barmier in 4.1 V-Dhlch, RPFP-09-01:
Mew Funding for High-Tension Cable Barrier on Level Terrain with Mew Cable Affachment; and RPFP-10-CABLE-2;
Replacement Funding for High-Tension Cable Barrier on Lavel Terrain,

It should be noted that the test conducted with the 1500A on the system placed on level terrain {Test Mo, 4CMBLT-1
conductod on Jung 14, 2011} was chargad o the Project Ho RPFM 11 CONT  TPF &5(103) Supplement #30, Mrojact
Title: Pooled Fund Year 21 Contingency even thouwgh it was one of the tests funded in Project Mo RPFP-12-CABLE1&2 -
TPF-5{183) Supplement #44, Project Title: Completion of the Development and Evaluation of the Midwest Four-Calble,
High-Tension, Madian Barrier Phase |, V-Ditch. Al the ime this test was conducted, Year 22 funds weara not available for
use, The funds in the above menticned contingency funds wara available and were to be used to fund part of Fhase |l of
this project.

As the result of the guidance from the member States in August 2011, it was decided the four-cable barrier system would

be devaloped for use on sloped medians as steep as 6H: 1V but still placed 0 1o 4 fi away from the slope break point (Plan
B from letter dated August 15, 2011} Depending on the simulation results and fulure modifications 1o fhe proposed MASH
tesl matrices, up o seven full-scale crash fests may be required, including three level lerain lesis

Fecall the development work was rot originally a part of the current budget. Therefore, funds for fhe redesign work are
being utilized from boih ihis project as well as Project Mo.: RPFP-12-CABLE142 = TPF-5{153) Supplemaent #45, Project
Title; Completion of the Development and Evaluation of the Midwest Four-Cable, High-Tension, Median Barrier Phase 1,
Level Terrain since the redesign will apply 1o bath the V-ditch and level terrain scenarios.

Potantial Implementation:

The succassiul completion of the development, testing, and evaluation of the Midwest four-cable, high-tension, median
barrier in sloped medians will allow the member states o implement a non-proprietary, high-tension, cable systam along
aur nation’s highways and roadways. The successiul completion of this project along with the non-proprietary four-cabla,
high-tansion, median barrier on level terrain and cable guardrail end terminal would help o azsure acceplance by FHWA
and imprave its chances for widespread implementation.
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summary of Modified Keyway Bolts and Tabbed Brackets

Significant effort has been undertaken to improve the cable clip and post designs for the 4-cable
high-tension median barrier. New cable clips were conceptualized in design meetings and tested in
component tests. The component tests measure the force required to release a cable from the post to
which it Is attached under dynamic loading conditions. The simple setup includes a bogie, a length of
cable, the cable clip, and a test jig with a load cell, as shown in Figure 1. The test jig is shown in Figure 2.

Flgure 1. Bogie Test Setup

Figure 2. Close-up of Test Jig



The jig can be adjusted so that the cable pulls on the dip in a direction parallel to the post to
which it is attached {testing the vertical release strength) or perpendicular 1o the post ta which it is
attached (testing the lateral release strength). The cable clips from the previous full-scale crash tests had
vertical and lateral releases of 1.2 kips and B kips, respectively. As part of the redesign effort, it was
decided that the vertical release strength of the new cable clips needed to be lower. The first new
concepts that were tested were modified keyway bolts. A total of 28 bogie tests were performed an
thrsp roncepts and are simmarized in Tahle 1

The final design from this test series was a keyway bolt made of a slightly weaker steel (Al51
C1018 rather than ASTM AJ49), with a ¥-in. extension an the end of the shaft to allow the balt to rotate
up and out of the kevhole without scraping against the inside of the flange of the post when pulled
vertically. The new keyway bolt design &5 shown in Figure 3. For the test series, the prototypes of the
extended keyway bolts were fabricated by cutting and splicing a %-in. extension inta the shaft, IF
selected as the final design, the extended keyway bolts would be fabricated from one continuous round
bar, without splices,

b
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Figure 3. Keyway Bolt with %-in. Extension
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Modified keyway bolts were not the only designs tested. However, the knowledge gained during
the modified keyway bolt tests was applied to the subsequent designs. The idea of a clip and keyhole
was carried over into the subsequent designs because it is a good way to control the lateral and vertical
release strengths independently. The first of the new concepis, shown in Figure 4, was a one-piece
tabbed bracket that could be crimped into place in 3 kevhole. One of the main advantages of a tabbed
bracket, made of sheet steel rather than round bar, is that the cross-section can be mare easily
madified. This is critical because cross-sectional properties like the area and plastic modulus control the
fracture and bending behavior of the cable clips, In theory, the width or thickness of the cross-section of
the tabbed brackets could be adjusted to essentially tune the vertical and lateral release strengths, The
major disadvantage, and the reazon the crimp-in-place brackets were not further purswed, was the
inability to control scraping against the inside of the flange as the cable clip was pulled vertically,

Figure 4. Crimp-in-Place Tabbed Bracket

In order to mitigate scraping against the inside of the flange for the tabbed bracket concepts, a
bolt was added to fix the bottom of the clip to the post, The neck of the bracket that sat in the narrow
part of the top keyhole was also extended, to varying degrees, in order to allow for free rotation out of
the keyhaole. The resulting bolted tabbed bracket concept is shown in Figure 5 This concept Is still In
testing, but based on past experience with the modified keyway bolts, there is confidence that this will
result in a final design with desirable vertical and lateral release strengths, The results from the tabbed
bracket tests cenducted are summarized in Table 2

Figure 5. Bolted Tahi‘-éd Bracket
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Top Cable Clip Concepts

The modified keyway bolts znd tabbed brackets were designed for use on the bottam three
cable clips, but the top cable clips were to be designed differently. Based on wehicle override of the
system in test no. 4CAMB-5, due in part to the failure of the top cable to release from the post at the
point of impact, the new top cable clips were to be designed to release almost effortlesshy. Their new
funrtinn would be just to keep the cable attached to the post before an impact, The design of these
concepts started from scratch, Many designs were conceptualized and then tested via a static vertical
pull test in order to get an idea of how much strength they had. Most concepts tested were a variation
of & brass or stainless steel rod, bent, and made to fit inte holes at the top of the post. & total of 65
static pull tests were performed on these very simple concepts. The final concept was a straight, brass
rod as shown in Figure & with the static test jig

Figure 6. 5traight Rod Top Cable Clip

After the static pull tests were completed, the most promising concept was chosen to be used in
a dynamic component test in order to test whether or not the straight rod would release the cable when
the post to which the cable was attached was struck by a vehicle, & simplified, S-post, cable barrier with
onby one cable [the top one) was set up, and a bogie vehicle impacted the middle post at 2 speed of 45
mph and at an angle of 25 degree, Sequential photos of the dynamic component test are shown in
Figure 7. The clip performed as it was designed, releasing the cable at the impacted past, but retaining
the cable at the adjzcent posts. There was no significant downward cable deflection before the clip
released the cable, indicating that in an actual impact, the cable would not be pulled to the ground with
the past, a5 was evident in full scale crash test no, JCMB-5, The straight brass rod will be used in future
full seale crash tests,



t= 14 ms, Release
Figure 7. Sequential Photographs of Top Cable Dynamic Component Test



TRANSPORTATION POOLED FUND PROGRAM
QUARTERLY PROGRESS REPORT

Mebraska Department of Roads

Lead Agency (FHWA or State DOT):

INGTRUCTIONS:

Privect Managers andior research project investigators showld complete a quarteny progress repot far esch calandar
guartar during which the projects are active. Please provide a project schedule stalus of the research actviies ied lo

sl lask al is defied i s oo al, & pevesifags coilstion of s&ul) fgsh, 8 cunuize discussion (2w J sentences) of

the current stalus, including sccomplizhments and problems encountered, If any, List all lasks, even if ng work was done

auring this period

Transportation Pooled Fund Program Project #
(i, SPR-Z(00(), SPR-3(000 or TEE-5X0X)

TPF-5{193) Supplemeant #45

Transportation Pooled Fund Program - Report Period:
CIQwarter 1 {January 1 — March 31)

CIQuarter 2 (&pril 1 - Juna 30]

Ocwuarter 3 (July 1 - September 30)

F‘_‘Iﬂuarler 4 {Qciober 4 = December 31)

Project Title:

Completion of the Development and Evaluation of the Midwest Four-Cable, High-Tansion, Median Barrier Phase ||

Mame of Project Manager(s):
Reid, Sicking, Faller, Biglenberg, Lachtenberg

Phone Humber:
402-472-8070

E-Mail
kpolivka2@unl.edu

Lead Agency Project ID:
2611211085001

Other Project 1D (i.e., contract #):
RPFP-12-CABLE1&2

Project Start Date:
711

Original Project End Date:
B304

Current Project End Date:
BI04

Mumber of Extensions:
0

FProject schedule stafus:
¥ On schedule

Cwvarall Project Stalistics:

C On revised schedule

C aAhead of schedule

[ Behind schedule

Total Project Budget Total Cost to Date for Project Percentage of Work
Completed to Date
391,800 (+591,08% from ¥1 21 contingency) | 34189 (+3100,449 from ¥1 21 Cont, 0

Guarterly Project Stalislies:

Total 'Frujwt Expenses
and Percentage This Quarter

Total Amount of Funds
Expended This Quarter

Total Percentage of
Time Used to Data

54 189 (+525 084 from ¥r 21 Cont.)

TPF Program Standard Quarterly Reporting Format - 7/2011




Froject Description:

The Midwest Roadside Safety Facility (MwRSF) has been conducting research for the Midwest States Regional Pocled
Fund Program to develop a non-proprietary, high-tension, four-cable. median barrier that is capable of being used
anywhere in a V-dilch with 4H:1V side slopes, Three tests still remain fo complete the test mairix of the cable bamier
system in a V-ditch. In addition, the four-cable, high-fension, median barrier has never been tasted on level lerrain. There
i5 & concern that FHWA may not appreve this design without testing on flat ground, eapesially when considering the wide
cable spacing and increased cable heights. Further, the barier deflections observed in crash tests performed ina 4H 1V
W-ditch are likety higher than would be observed on flat ground. Crash lasling of tha barrier installed on level terrain would
e ilily Lanrber deflectlons and working widths that can be expecled when the barmer is used in narmow medians with
gentle slopes and would allow for betier performance comparisons between the Midwest four-cable barrier and other
proprietary syslems.

Objective: Te complete the development, testing, and evaluation of the four-cable, high-tension. median barier system for
use on kevel lermain.

Tasks:

Full-scale crash testing (MASH 3-10 and 3-11)

Analysis and documentation of test rasults

BARRIER VIl calibration and analysis for altermate configurations
Fesearch repor

Hardware guide drawings and FHWA acceplance

N

Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):
Mone

Priarities set by the Pooled Fund member Stales are for the continued development of a high-tension, cable barrier
system for relatively-flat and sloped median applications was to focus on the four-cable barrier system for use on sloped
meadians as steep a5 5.1 but still placed O to 4 & away from the slope break point

Recall development work was not originally a part of this current budget nar that of Froject No.: RPFP-12-CABLE1&2 -
TPF-5(183) Supplement #44, Project Title: Completion of the Development and Evaluation of the Midwesi Fo ur-Cable,
High-Tension, Median Barrier Phase |, V-ditch Therefare, funds for the redesign work are being utilized frarm boih this
project as well as Project No.: RPFP-12-CABLE142 - TPF-5(183) Supplement #44, Project Title: Completion of the
Development and Evaluation of the Midwesl Four-Cable, High-Tension, Median Barrier Phase |, V-ditch since the
redeszign will apply to both the V-ditch and level terrain scenarios.

See Project No.. RPFP-12-CABLE1&2 ~ TPF-5(193) Supplement #44, Project Title: Completion of the Development and
Evaluation of the Midwest Four-Cable, High-Tension, Madian Barrier Phase |, V-ditch for a detailed axplanation of the
wiork completed,

TPF Program Standard Quarterly Reporting Format - 7/2011



Anticipated work next quarter:
Mons,

Friorities set by the Pooled Fund member States are for the continued development of a high-tension, cable barriers

system for relatively-flat and sloped median applications was to focus on the four-cable barrier system for uza on sloped
medians as sleap as 61 but =il placed 0 fo 4 f away from the slope break paint,

Significant Results:

Task % Complete
1. Full-scale crash testing (MASH 2-10 and 3-11) %
2. Analysis and documentation of test results 0%
3. BARRIER VI calibration and analysis for alternate configurations 0%
4. Research report 0%
5. Hardware guide drawings and FHWA acceplance 0%
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Circumstance affecting project or budget. (Please describe any challenges encountered or anticipated that
might affect the completion of the project within the time, scope and fiscal constraints set forth In the
agresment, along with recommended solutions to those problems).

A partion of this project (591,089 is not included in the project budget shown on page 1) will be funded with Projact No.:
RPFF-11-CONT — TPF-5(193) Supplement #38. Project Titke: Pooled Fund Year 21 Contingency

It should be noted that the test conducted with the 15004 on the system placed on level terrain (Test No. ACMBLT-1
conductad on June 14, 2011} was charged (o the above menticned contingency funds even though it was one of the tesis
fundod in Project Mo :RPFP 12 CABLE1&2 TPT 6(103) Gupplement @44, Project Title: Completion of the Development
and Evaluaticn of the Midwest Four-Cabla, High-Tension, Median Barrier Phase 1, W-Ditch. Af the time this fest was
conducted, Year 22 funds were not available for use. The funds in the above mentioned contingency funds were available
and were 1o be used 10 fund part of this project (Phase Il )

As the result of the guidance from the member States in August 2011, it was decided the four-cable barmer system would
ke ceveloped for use on sloped medians as steep as 61 but stll placed 0 10 4 f away from the slope break point (Plan B
from letter dated August 15, 2011). Depending on the simulation results and future modifications 1o the proposed MASH
test matrices. up to seven full-scale crash tests may be required, including three level terrain (esls.

Recall development work was not ariginally a parl of this current budget nor that of Project Mo, RPFP-12-CABLE1&2 -
TPF-5(183) Supplement #44, Project Title: Complation of the Development and Evaluation of the Midwest Four-Cable,
High-Tension, Median Barrier Phasa |, V-ditch Therefore, funds for the redesign work are being utilized fram both this
projact as well as Project No.: RPFP-12-CABLE1&2 — TPF-5(193) Supplement #44, Project Title: Completion of the
Development and Evaluation of the Midwest Four-Cable, High-Tension, Median Barmer Phase | V-ditch since the
redesign will apply to both the V-ditch and lavel terrain scenarics.

Potential Implementation:

The successful completion of the development, testing. and evaluation of the Midwest faur-cable, high-tension, median
barrier on level terrain will allow the member states fo implament a non-proprietary, high-tension, cable system along our
nation's highways and roadways. In addition, the crash testing of the four-cable, high-tension, median barrier on level
terrain would also provide a more complele understanding of barrier parformance {i.e , dynamic defleclions, working
width, etc. ) when used in relatively flat. narrow medians. The crash resulls from the level terrain testing will ba used in
combination with compuier simulafion 1o evaluale the effecls of reduced post spacing. The successful completion of this
project along with the non-proprietary four-cable, high-tension, median barrier in V-dich and cable guardrail end terminal
woulkd help to assure acceptance by FHWA and improve its chances for widespread implementation.
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TRANSPORTATION POOLED FUND PROGRAM
QUARTERLY PROGRESS REPORT

Mebraska Department of Roads
Lead Agency (FHWA or State DOT}: P

INSTRUCTIONS:

FProject Managers and/or research project invesligalors should complele a gquarlerly progress repart for each calendar
quarter auring which the projects are acfive, Flaass prowde a project schedule status of the research acivities tied o
each fazk thaf iz defined wn the proposal; & percenlage complelion of each lask, a concise discussion (2 or 3 sentences) of

the current stalus, fncluding accomphizfiments and problems encounterad, if any, List &l fazks, even if no work was dong
during this poriod.

Transportation Pooled Fund Program Project # Transportation Pooled Fund Program - Report Period: t
(e, SPR-Z{XXX), SPR-J3{XXX) ar TRE-A{XXX) B

ClQuarter 1 {January 1 - March 31)
TPF-5{193) Suppl. #47 CQuarter 2 {April 1 = June 30)

ClQuarter 3 (July 1 - September 300

¥Quarter 4 {Octobar 4 — December 31]

Project Title:
MGS Culverl Allachment with Epoxied Rods
Mame of Project Manager{s): Phone Number: E-Mail
Reid, Sicking, Faller, Bielenberg, Rosenbaugh 4024729324 srosenba@unisarva unl edu
Lead Agency Project ID: Other Project ID {lLe., contract #): | Project Start Date:
2511211067001 RFPFP-11-MG5-4 Ti12011
Original Project End Date: Current Project End Date: Humber of Extensions:
GRA2014

Froject schadula status:

0 On schedule O onrevised schedule ¥ Ahead of schedule [ Behind schedule

Cwverall Project Statstics:

Total Project Budget ' Total Cost to Date for Project Percentage of Work
Completed to Date
519,835 511,292 GOt

Quartery Froject Statistics:

Total Project Expenses Total Amount of Funds Total Percentage of
and Percentage This Quarter Expended This Quarter Time Used to Date
$1,138
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Project Description:

MwREF has previously developed a TL-2 guardrail syslem for use on low-fill culverts and according 1o the NCHRP Report
Mo, 350 safely performance criteria. In his application, the sieal guardrail posis were anchorad fo the fop of the culvert
slab using through bolts in combination with a base plate that is welded o the boltom of the posis. However, problems
can arisa when the guardrail post coincides with the location of a verbcal suppert wall found inside the culvert. For this
scenana, through bells cannot be ullized to anchor the guardrail posts to the culvert slab since thara is unavailable space
to place the lower bearing plate or access the lower end of the throwgh bolt. Inslead, it iz necessary 1o use an allemalive
anchorage option, such as a threaded rod anchored info the culvert slab and upper region of the varfical wall.
Unforiunately, no design recommendations exist for using epoxied anchor rods o attach the stesl posis ta the top of the
culvert slab. A small research study is needed 10 evaluate suilable epoxied anchor rods for wse with the W-baam guardrail
over culvert system,

In 2010, the Midwest Poaled Fund States funded a small project o deferming an alternative, standard weld detail which
simplifies the post-plate allachment for ihe guardrail system menfionad above and o evaluale the new weld datail
throwgh both analysis and bogis testing. The proposed project herein is 10 act as a supplement b the current project,
RFFF-11-M{GE5-4,

Dbjectives / Tasks

1. Literature review

2. Design of epoxied anchors

3. Dynamic testing and analysis of design

4, Written report containing all design, analysis and conclusions

Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):

Previously, the bogie testing porfion of this projsct (2 iesis) was complsted. § inches of embedment cavsed the threaded
rods to pull out of the concrete, & inches of embadment provided adequate strength throughout the impact.

This quarter, work has continued on the report documenting all testing, analysis, and conclusions for this project. The
testing report includes work form anather project (TPF-50193) suppl. #34) as they both deal with attachment of the lop
maounted culver post 10 culvert slabs. An internal draft repart has been completed and is currently under internal review
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Anticipated work next quarter,

The internal draft report (covering both this project and the relaled TPF-5(193) Suppl. #34, RPFP-11 MG S-4) will be
edited. The subsequent revision shall ba sent to the Midwest Pocled Fund States for review

Significant Results:

The first dynamic bogie impact test conducted on a post assembly anchored by rods embedded & inta the tarmac
resulted in the anchors pulling out of the concrete. The second fest was conducted on & post ulilizing an 8° embedment
depih. During the second test, both the anchors and the post-io-plate weld held and the post was plastically deformed.
Thus, 8 inches of embedment will be required for proper allackment of the top-mounted culvert post in locations whera
epoxy anchors are desired over the ongiral Bali-through design.

Objectives / Tasks o Completed
1. Literature raview 100%
2. Design of epoxied anchors 100%
3. Dynamic testing and analysis of design 100%
4. Wirithen report containing all design, analysis and conclusions BO%S

TPF Program Standard Quarterly Reporting Format = 772011



Circumstance affecting project or budget. [Please describe any challenges encountered or anticipated that
might affect the completion of the project within the time, scope and fiscal constraints set forth in the

agreement, along with recommended solutions to those problems).

Potential Implementation:
The development of an epoxied anchor rod alternative to the ariginal through bolt anchorage of the culvert guardrail posts
will allow the system to be installed anywhere across the top slab of the concrele culver, regardless of the location of

intarior, culvert walls.

TPF Program Standard Quarterly Reporting Format — 772011



TRANSPORTATION POOLED FUND PROGRAM
QUARTERLY PROGRESS REPORT

Lead Agency (FHWA or State DOT):

Mebraska Depariment of Roads

INSTRUCTIONS:

Project Managers andfior research project investigators showld complele a quarterly progress repod for each calendar
guirter during wiiich the prafects are active. Please provide & profect schedule stalus of the research activities fied to

aach task that is defined in the proposel, o parcerisge caiplelivg of gauli lesh, o concize discussiin (2 o 3 senlenves) of

the current stalus, including accomplizhments and problams encountered, if any, List all tasks, even if no waork was done

during this period.

Transportation Pooled Fund Program Project #

fi.e, SPR-2(XXX), SPR-3(XXX) or TPF-5{XXX)
TPF-5(193) Suppl. 248

OQuarter 1 (January 1 — March 31)
ClQuarter 2 (April 1 - June 30)
ClQuarter 3 {July 1 = Saplember 30)
¥lcuarter 4 (Cotober 4 = December 31)

Transportation Pooled Fund Program - Report Period:

Project Title:
Pooled Fund Center for Highway Safaty
Mame of Project Manager(s): Phone MNumber: E-Mail
Ror Faller, John Reid, Boh Bielenberg 402-472-5064 rbislenbarg2 @unl edy
Lead Agency Project ID: Other Project ID (i.e., contract #): | Project Start Date:
2511211068001 RFFP-12-PFCHS-1 T2
Original Project End Date: Current Project End Date: Number of Extensions:
G304 BI04 0

Project schedule status:

E On schedule

Owerall Project Statistics:

C On ravised schedule

O shead of schedule

[l Behind schedule

Total Project Budget Total Cost to Date for Project Percentage of Work
Completed to Date
$24 AR9.00 552800 15%

Quarterly Project Slabisbcs:

Tatal Project Expenses
and Percentage This Quarter

Total Amount of Funds
Expended This Quarter

Total I-’-an:unugn of
Time Used to Date

134,00

TPF Program Standard Quarterly Reporting Format = 772011



Project Description:

Many of MwRSF's inquiries fram members of the Midwest Stales Paoled Fund program can be answered based upon
pricr pooled fund or ather research. Further, even though answers to pooled fund inquiries are normally rauted to all
pocted fund states in the guartery progress report, there are numerous repeat questions every year. The quariery
summaries are helpful o member states, bul they are temporary and not well organized by the type of question or specific
topic. Many pooled fund inquiries could be answered through the development of a Cenler of Highway Safety wab site.
This web site would provide an organized and searchable summary for all State inguiries and MwRSF reports 25 well as
CAD details pertaining to Pooled Fund crash tested systems. This safety center would also be helpful to non-member
slates with problems or Inquiries similar 1o those idenbhbed by the member states.

A dedicated and well-maintained Pooled Fund Center for Highway Safety wehb site would provide for all of these needs. It
waould pravide for a8 searchable database of previous MwRSF inquiries and solutions, a searchable ankne listing of
downloadable research reports, and a searchable archive of CAD defails for crash tested and/or approved systems and
features. Through MwRSF's relationship with the Nabraska Transportation Center (NTC), experienced personngl can be
hired to perform webste design, programming, a5 well as provide reliable website hosting facilities. However, the
development, maintenance, operation, and hosting of the web site will require funding. It is anticipated that the costs to
davalop, operate, maintain, and host a Pooled Fund Center for Highway Safety web site would be 52485800 in funding
for FY 22,

Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):

| The MwRSF Peoled Furd Consulting web site is fully functional and MwRSF has begun work on the Pooled Fund Center
far Highway Safety web site, MwRSF has met with wab site developers at UNL and have begun plans for a web sita that
will house all of the MwRSF research reports and CAD details in a searchable farmat for downloading, It is anticipated
Inat the web site will tie in with both the existing MwRSF web site and the recently finished MwRSF Pooled Fund
Consulting web sile, The web site 1z inile development phase

MwRSF has met with the web sile development feam and determined the site design and organization, the search
funciionaliy, and the materials te archive on the site,

Duning this gquarier, the web site development team at UNL and has developed a the user interface and database
framework for the Pooled Fund Center far Highway Safety web site. MwRSF will maet with the development team at the
end of the Fourth Quarter to review and roubleshoot tha web site. MwRSF will begin te archive materials to the website
beginning in the First quaner of 2013
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Anticipated work next guarter

MwREF plans to populate the web site archive dunng the first quarter of 2013 and have the site full functional and
available 1o the Midwest Pooled Fund mamber states by the end of the first quarter of 2013,

Again, &t this time, the existing funds for the project should allow for archiving of MwRSF research raports and CaAD
details,

Significant Results:
Mone.
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Circumstance affecting project or budget. (Please describe any challenges encountered or anticipated that
might affect the completion of the project within the time, scope and fiscal constraints set forth in the
agregment, along with recommended solutions to those problems).

Mona.

Fotential Implementation:

The Pocled Fund Center for Highway Safety web site would provide immediate access o a wide library of readside safety
malerials for designers and engineers, including reporis, CAD details, efc. It would also provide & searchable database of
pravious solulions and responses to prior Pooled Fund inguiries and problems, The web site would glso be available
through confrolfed access o state DOT s around the couniry which would promote improved roadside safaty.
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TRANSPORTATION POOLED FUND PROGRAM
QUARTERLY PROGRESS REPORT

Mebraska Department of Roads
Lead Agency (FHWA or State DOT): j

INSTRUCTIONS:

FProject Managers andfor research project invesligators should complele a guarerly progress repaort for each calendar
gquarier during which the projects are active. Fleaze provide a project schedule stalius of the resesrch sefivities Nad fo
each fazk that iz defined in the proposal; a percenlage complelion of each (ask; a concise discusson (£ o 4 senlences) of
the current stalvs, Including accomplisfiments and problems encountered, if any. Lisf ail (asks, even if no work was done
during this peviod,

Transportation Pooled Fund Program Project #
{i.e, SPR-2{XXX), SPR-3{XXX] ar TPF-5{XXX)

TPF-5{193) Suppl. #48

Transportation Pooled Fund Program - Report Period:
UQuarter 1 (January 1 - karch 31)

Ocuarter 2 {April 1 = June 30)
CQuarier 3 (July 1 - Seplember 309

Elﬂuarlar 4 (October 4 — Decembsar 31)

Project Title:
Fooled Fund Center for Highway Safely
Mame of Project Manager(s): Phone Mumber: E-Mall
Fon Faller, John Reid, Bob Bielenberg 402-472-9064 rbielenberg2i@unl adu

eI

Other Project |D (ie., contract #):

Project Start Date:

2611211086001 RPFP-13-PFCHS TIR2011
Original Project End Date: Current Project End Date: Number of Extansions:
&304 G304 ]

Froject schadule stalus:
¥ On schedule

Crverall Project Slabstics:

C On revised schaduls

O ahead of schedule

Total Project Budget

[ Bahind scheduls

Total Cost to Date for Project

Percentage of Work
Completed to Date

S510,958.00

50,00

0%

Quartedy Project Stalistics:

Total Project Expenses
and Percentage This Quarter

Total Amount of Funds
Expended This Quarter

Total Percentage of
Time Used to Date

50,00

TPF Program Standard Quarterly Reporting Format — 772011




Project Description:

Mary of MwRSF's inguires from members of the Midwest Slates Pooled Fund program can be answered based wpon
priar poaled fund or cther research. Furher, even though answers 1o pocled fund inquiries are normally reuted to all
poaled fund states in the quarterly progress report, there are numerous repeat questions every year, The guanerly
summaries are helpful to member states, but they are temporary and not well erganized by the ype of gquestion or specific
topic. Many pooled fund inguines could be answered through the development of a Cenfer of Highway Safety wab site. A
dedicated and well-maintained Pocled Fund Center for Highway Safety web site would provide for all of these needs. It
walld provide for a searchable databasze of previous MwRESF inguiries and solutions, a searchable enling listirg of
downloadable research reports, and a searchabla archive of CAD datails for crash tested andlor appraved systems and
features, This safety center would also be helpful to non-member slates wilh problems or inguiries smilar to those
identified by the member states.

In Year 22, the Midwest States Pooled Fund stales sponsored the development of a Pooled Fund Center Tor Highway
Safely web site. This project allowed for the development of the first phase of the web site and archiving of materials on
the web site. In the past year, 2 web site for the Midwest Stales Pooled Fund consulting questions and responses was
developed and made available, The web site iz currenlly operational and provides functions for submillng questicns and
inquiries 1o MwRSF as well as posting of the responses. It also provides a searchable daiabase of pravious MwRSF
inquiries and solufions. The website is located at hitp:imwrsf-qa, unl edu,

In addition 1o the consulling web site, a searchable onlne listing of downloadable research reports, and a searchabla
archive of CAD details for crash tested andfor approved systems and features has been stared. MwRSF is currenily in
the process of making this web site operational and upleading the archived reports and CAD. MwRSF anticipates that this
archive will be fully functicnal in the naar term. The report and CAD archive a5 well as the Midwest States Pooled Fund
consulting web site will be integrated with the main MwRESF web site in the near fulure as weall.

Progress this Quarter {includes meetings, work plan status, contract status, significant progress, etc.):

Al this time, the Poaled Fund Center for Highoway Safety wab site is still under devalopment and fhe funding providad in
this project has vet to be accessed for web maintenance and updating,
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Anticipated work next guarter:

The project funding hergn will not be accassad until the Pooled Fund Center for Highway Safety web site is full
operational. It is anticipated that the wab site will be functional in the first quarter of 2013

Significant Results:
Mo,
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Circumstance affecting project or budget. (Please describe any challenges encountered or anticipated that
might affect the completion of the project within the time, scope and fiscal constraints set forth in the
agreement, along with recommended solutions to those problems),

Mone,

Potential Implementation:

The Pooled Fund Center for Highway Safety web site would pravide immediate access to a wide library of roadside safety
matarials for designers and enginears, including reports, CAD details, etc. It would also provide a searchable database of
previous solutions and responses fo prior Pooled Fund inquines and problems. The web site would also be availabla
through contrelled access to state DOT's around the country which would promate improved roadside safety
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TRANSPORTATION POOLED FUND PROGRAM
QUARTERLY PROGRESS REPORT

MNebraska Department of
Lead Agency (FHWA or State DOT): epartment of Roads

INSTRUCTIONS:

Profect Mahagers andior research project invesiigators showld complele a quantearly progress repor for each calendar
quarker durirmg which the projects are golive, Please provide a projec! schedule slalus of the rezearch aclivitias fied o
each task thal iz defined in the proposall a percentage completion of each task; & concize dizcussian (2 or 3 sentencas) of

the current slatus, including accomplishments and problems encountered, if any, List all lasks, evan If no wark was done
dusring this period.

Transportation Pooled Fund Program Project #

Transportation Pooled Fund Program - Report Period:
(e, SPR-2(XXX] SPR-3(XXE) or TRF-5XXX)

CQuarter 1 (January 1 = March 31)
TPF-5(193) Supplement 2449 LiQuarter 2 (April 1 - June 30}
Clouarter 3 (July 1 - September 30)

¥l Guarter 4 (Dciober 4 = December 31)

Project Title:
Annual Fea lo Finish TE-13 and FHWA Standard Plans

Mame of Project Manager(s):
Reid, Sicking, Faller, Lechtenbarg

Phone Mumber:
402-472-9070

E-Mail
rpolivka2@unl.edu

Lead Agency Project ID:

Other Project ID [i.e., contract #):

Project Start Date:

2611211065001 RPFP-12-TF12 TN
Original Project End Date: Current Project End Date: Number of Extensions:
B304 B304 o

Projecl schedule status:

E On schedule

Overall Projact Statistics:

[ ©n revised schedule

[ Ahead of schedule

[ Behind schedule

~ Total Project Budget Total Cost to Date for Project Parcentage of Work
Completed to Date
£3.983 53,083 75

Quartery Project Statistics:

Total Project Expenses
and Percentage This Quarter

Total Amount of Funds
Expanded This Quarter

Total Percentage of
Time Used to Date

481
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Project Description:

Each year, the Midwest States Pooled Fund program sponsors several roadside safety studies af the Midwest Roadside
Safaty Facility iMwRSF) of the University of Mebraska-Lincoln, Some of these research efforts resull in the development
of new roadside safely fealures. As part of this efforf and on behalf of the member states, MwRSF seeks FHWA
accepdance for thase devices or systems mesting current impact safety standards. In the future, FHWA will reguire
siandard Task Force (TF) 13-format CAD details along the typical system details when requests for hardware acceplanca
are made,

MwRESF prepares 2-0 andior 3-0 CAD details for newly developed roadside safely features that are subjected o
full-scale vehicla crash testing. The CAD details used to describe the as-tested systems or components are not always
prepared and presented in the same format as now reguired by AASHTO TF 13 and FHWA. Az such, addiional Cal
details and background information must be prepared when FHWA accaptance is sought under MASH or whan tha new
syslem of associated components are submitted for inclusion in the electronic version of the barmer hardware guide

Ohjective: For all new barmer hardware, the member siates requesi that MwRSF seek formal FHWA accepiancs and
placement of standardized TF-13 CAD defails in the electronic version of ihe highway barrier guide, This funding shall be
used o supplemeant the preparation of the TF-13 format CAD details,

Tasks:
1. Prepara CAD details for Hardware Guide

Frogress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):
Updated drawings based an comments receivad at the AASHTO TF-13 Spring meating hald in Apnl 2012 and Fall
meeting held in Oclober 2012

All funds for this project have been exhausted during this quarter. Al furiher work will be conducted under Praoject Ma.
RPFP-13-TF13 - TPF-5(193) Supplemant #53, Project Tille: Annual Fee to Finish TF-13 and FHWA Standard Plans
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Anticipated work next quarter:
Mone,

The funds have been expended and the project was closad.

Significant Results:

This project is used 1o supplement the preparation of the TF-13 format CAD details. Previously, it was determined that
here are 14 gyslems and 11 componenis that need fo be prepared in the TF-13 format, During discussions wilh the
AASHTO TF-13 subcommittes in July 2011, new components had to be generated fram the existing system drawings.
Thus, the original 11 componants becama 32. Two of the systems and one companent had limited work that need 1o be
completad on fhe drawings as they were to b2 included in the Bridge Rail Guide and Luminaire Guide, respactively.

Im evaluating the separation of the components, it was determined that some could be combined inlo ane drawing based
on the same iype of component, but just one varying parameder.

Summary of Barner Guide individual drawings fo date;
31 systems - 25 approved, 6 to be reviewed

41 components - 15 approved, 26 to be raviewead

2 syelems submitted to Bridge Rail Guide

1 component submitted to Luminaire Guide

Task % Coamplate
1. Prepare CAD details for Hardware Guida 100%,
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Circumstance affecting project or budget. [Please describe any challenges encountered or anticipated that
might affect the completion of the project within the time, scope and fiscal constraints set forth in the
agreemaent, along with recommended solutions to those problems).

Funding from Project Mo.: RPFP-11-TF-13 = TPF-5{153) Supplemeant #38, Project Title: Annual Fee 1o Finish TF-13 and
FHWA Standard Plans usad prior to starling this projeci.

At the present ime, standard TF1 34ormat CAD delailz are now reguired and subjected 1o review and comment by TF 13
mearmbers. This reviaw is taking place during the TF-13 meetings which occur bwice a year. After tha initial review, tha
rirawings Are eriterd and then reviewsd again at A later mesting  Minees the CAD defails are deemed soneptable and mert
TF 13 guidelines, they are integrated into the electroniz, web-based, version of the existing bamier hardware guide,
Congsaguenly, it requires a mimemum af B mandhs o get a drawing accepted for inclusion in tha hardware guide; {hat is if
thera are onkby minimal adits to be made fo the drawing. Sometimes, TF-13 requires a8 second review and mars edits, thus
adding another & months on to the time for its acceplance. For example, five (3) of the 13 systems were submitted for
revienw duning the September 2010 meeting. However, the allotted time only allowed the review of three (3} of the
systems, The other two (2] were reviewsd during the May 2011 meeting. Thus, some drawings may be in the review slate
at TF-13 for over a year befare thay are avan looked &t for tha first tima

TF-13is in ihe process of developing an oning review system which will expedite the review process and allow more
systems to ba reviewed prigr to their semi-annual mestings. Then at the TF-13 meetings if will be a final review and vote

on if the drawings are ready o be implemented into the onBne guide

Potential Implementation:
Mewly-devetoped highway safaly hardware will be contained in ihe electronic, web-based guide, fhus promating the
standardization of barrier hardware acrass the U5 and abroad,
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TRANSPORTATION POOLED FUND PROGRAM
QUARTERLY PROGRESS REPORT

Mebraska Depariment of Roads
Lead Agency (FHWA or State DOT): P

INSTRUCTIONS:

Project Managers ahdfor research project investigalors should complele a guareny progress report for each calendar
quarter during wiich the projects are active. Please provide a project schedule staluz of the research aclivilias fied to
aaoh fagk that iz dafined n the proposal; o porcanfage complotion of eaoh lash; a conoise discusaon (2 ar 3 senfancas) of
v currant slafus, mcluding accompiishments and problams encowntered, §if any. List all fazks, evan if no work was dona
during this period,

Trangportation Pooled Fund Program Project #
fia, SPR-Z(XXX] SPR-3[XXX) or TRF-5{XXX)

Transportation Pooled Fund Program - Report Perlod:
CJQuarter 1 (January 1 = March 31)

ClQuarter 2 (April 1 = June 30)
ClQuarter 3 (July 1 — Seplember 20}
Ell.'.'luarter A4 {October 4 — December 31)

TPF-5(193) Supplement #53

Praject Title:
Annual Fee ta Finish TF-13 and FHWA Standard Plans

Mame of Project Manager(s):
Feid, Sicking, Faller. Lechlanberg

Phane Mumber:
40247 2-9070

E-Mail
EpolvkaZi@unl edu

Lead Agency Project ID:
251121107800

Other Project ID {i.e., contract #):

RPFP-13-TF13

Project Start Date:
T2

Original Project End Date:
Granfa

Current Project End Date:
BfAMN15

Mumber of Extensions:
0

Project schedule status:
¥ On schedule

Crvarall Project Siabistics:

Ll On revised schedule

Ll Ahead of schedula

[ Behind schedule

Total Project Budgaet

Total Cost to Date for Project

Percentage of Work
Completed to Date

$3.983

a0

0

Quartery Project Stabistics:

Total Project Expenses
and Percentage This Quarter

Total Amount of Funds
Expended This Quarter

Total Percentage of
Time Used to Date

a0
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Praject Description:

Each year, the Midwest Siates Poaled Fund program sponscrs several roadside safety siudies at the Midwest Roadsida
Safety Facility (MwRSF) of the University of Mebraska-Lincoln. Some of these research efforts resull in the development
of new roadside safety features, As part of this effort and on behalf of the member states, MwRESF seeks FHWA,
acceplance for those devices or systems meeting current impact safely standards, In the future, FHWA will require
standard Task Force (TF) 13-formatl CAD details along the typical system defails when reguests for hardware acceptance
are mads

MwRSF prepares 2 D andior 3 D CAD details for newly developed readeide safely fealures that are subjected Lo
full-scale vehicle crash testing. The CAD details used 1o describe the as-tested systems or components are not always
prepared and presented in the same formal a2 now required by AASHTO TF 13 and FHWA, As such, additicnal CAD
details and backgrourd information musl be prepared when FHWS acceptance is sought under MASH or when the new
system or associated companents are submitted for inclusion in the electronic version of the barrier hardware guida.

Crbjective; For gll new barrier hardware, the member states request that MwRSF sesk formal FHWA acceptance and
placement of standardized TF-12 CAD details in the electronic version of the highway bammer guide. This funding shall be
used to supplemant the preparaton af the TF-13 format CAD delails.

Tasks:
1. Prepare CAD details for Hardware Guide

Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):

Updated drawings based on commenis received al the AASHTO TF-13 Spring meeting held in April 2012 and Fall
maeking held in Golober 2012,
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Anticipated work next quartaer:

Confinue fo update drawings based on comments receved at the AASHTD TF-13 Spring meeting held in Aprl 2012 and
Fall meeting held in October 2012,

Significant Resulis:

This project is used to supplement the preparation of the TF-13 format CAD details. Previously, it was daterminad that
there are 14 systems and 11 components thal need to be prepared in the TF-13 formal. Durng discussions with the
AASHTO TF-13 subcommittes in July 2011, new components had to be generaled from {he existing systam drawings.
Thus, the original 11 components became 32 Two of the systems and one component had limited work that need to be
completed on the drawings as they were to be indluded in the Bridge Rail Guide and Luminaire Guide, respeclvely.

In evalualing the separation of the components, il was determined thal some could be combined inlo cne drawing based
an fhe sama type of compoenant, but jusi one varying parameter.

Summary of Barrier Guide individual drawings {o date:
31 systams - 25 approved, G to be reviawsad

41 components - 15 approved, 26 10 be reviewad

2 systems submilied to Bridge Rail Guide

1 compoanent submitted o Luminaire Guide

Taszk % Complete
1. Prapane CAD defails for Hardware Guide L
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Circumstance affecting project or budget. (Please describe any challenges encountered or anticipated that
might affect the completion of the project within the time, scope and fiscal constraints set forth in the
agregment, along with recommended solutions to those problems).

Funding from Project Mo.: RPFP-12-TF-13 — TPF-5{183) Supplement #43. Project Title: Annual Fee 1o Firisk TF-13 and

FHWA Standard Plans used priar to starting this project,
TF-13 15 in the process of devaloping an online review system which will expedite the raview process and allew morne

systems o be reviewed pricr (o their zemi-annual meetings. Then al the TF-13 meetings it will b2 a final review and vole
on if the dravangs ore raady to ba implamaentad info ihe onbnge guide.

Potentlal Implementation:
Mewly-developed highway safely hardware will b2 contained in the elecironiz, web-based guide, thus promating the

slandardization of Barner hardware across the US. and abroad.
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TRANSPORTATION POOLED FUND PROGRAM

QUARTERLY PROGRESS REPORT

Lead Agency (FHWA or State DOT); Nebraska Department of Roads

INSTRUCTIONS:

Proyect Managers andfor research project investigators should complele a guarterly progress repart for each calendar
quarer during which the projects are active.  Please provide a project schedule statuz of the research achivities lied lo
rarh lask thal is dafinad in the propnsal; A pereantage complation nf pach task; A reacte discossion (7 or T sentenres) of
the current status, including accomplizfiments and proflems encournderad, if any. List al fasks, even if no work was done

during fhis pariod.

TPF-5(193) Suppl. #54

Transportation Pooled Fund Program Froject #
fi.e, SPR-2(XXX], SPR-J[XXX) or TPF-5[XXX)

Transportation Pooled Fund Program - Report Pericd:
CQuarter 1 {January 1 — March 31)

ClQuarter 2 (Aprid 1 - June 30)
ClQuarter 3 (July 1 - September 30)
¥lciuarter 4 {Dclober 4 — December 31}

Project Title:

Annual Consulting Services Support

Mame of Project Manager(s):
Fon Faller, John Reid, Bob Bielenberg

Phone Mumbaer:
24T 2-9064

E-Mail
rbielenbergZi@unl edu

Lead Agency Project ID:

Other Project ID {l.e., contract #):

Project Start Date:

2611211080001 RPFP-13-COMNSULT 2012
Original Project End Date: Current Project End Date: Mumber of Extensions:
B3OS G305 ]

Project schedule status:
¥l On schedule

Owverall Project Statistics:

C On revised scheduls

C aAhead of schadule

[ Behind scheduls

Total Project Budget Total Cost to Date for Project Parcentage of Work
Completed to Date
$39,992.00 §17,375.00 0%

Quarterdy Projact Statistics:

Total Project Expenses
and Percentage This Quarter

Total Amount of Funds
Expended This Quarter

Total Percentage of
Time Used to Date

$16,585.00
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Project Description:

This project allows MwRSF to be a valuable resource for answering questions with regard fo roadsida safaty issuas,
MwRSF researchers and engineers ara able to respand o issues and questions posed by the sponsors during the year,
Major issues discussed with the States have been documented in our Quarterly Progrezs Reports and all questions and
support will now be accessible ona MwRSF Pooled Fund Consulling web site.

Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):

In the past quarter MwHSF has responded 1o a series of stale inguiries, The Quarterly Progress Repor summarizing
these responses has been attached (o this document. The summary does not inclede all of the items answarad through
the consulling project over the lasl & months due to a backlog of questions and answers that were created during the time
the site was down (see pravious progress reporis). This backlog must b2 entered manually. Approzimately 173 of the
backiogged guestions were upleaded during this quarter and more will be input over time. Quastions submited direcily to
the web site during the last quarter are included. The summary will alsa be available for download a1 the recently
completed MwRSF Pooled Fund Censuliing web site - http:dimwrsf-ga.unleduf

All of the previous 1ssues with security and functionality of the MwRSF Poaled Fund Consulting web site were resolved
thiz quartar and the web sile is onca again fully functional, We would ask that all Pooled Fund member states usa the new
site from this point forward for their inquinies

TPF Pragram Standard Quarterly Reporting Format — 7/2011



Anticipated work next guartern
MwRSF will continue 1o answer questions and provide supporl to the sponzors duning the upsoming quarter.

We would ask that all questions be submitted through the web site 30 that they can be answered and archived therein

http mwrsf-ga.unl edu!

Significant Results:
A guartery summary of the consulling effort was provided and users can use the web site to search and find responsas

as wall.
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Circumstance affecting project or budget. [Please describe any challenges encountered or anticipated that
might affect the completion of the project within the time, scope and fiscal constraints set forth in the
agreement, along with recommended solutions to these problems).

Mone

Potentlal Implementation:
Mone.

TPF Program Standard Quarterly Reporting Format = 742011



Midwest States Pooled Fund Program Consulting
Quarterly Summary

Midwest Roadside Safety Facility

O7-001-20M2 to 12-12-2012

Median Barrier Anchoring Options

Question
state: TA
Date: M-22-2012

We have a project on 1-80 coming up where we will be installing the "head gjection” median barrier. 1am
requesting your assistance in developing a few options for anchoring the barrier into existing pavement,

As shown in the attached PDF, the barrier will be installed on three slightly different median pavement
configurations. In all cases, the existing unreinforeed PCC slab is 10 feet wide and 12 inches thick. Note that
the barrier may shifi left or right within the slab, but should not get any closer than | foot from the edge of the
slaf.

It would be preferable to use the same (or very similar) anchoring details for all three configurations. The final
pavement elevation must match existing.

Please let me know if you have any questions.

Thanks!

Response

Date: 06-25-2012

Dr. Faller has asked me to help you with the anchoring of the TL-5 median barrier to an existing conerete slab
From your comments below, 'm assuming that you are wanting 1o dowel/epoxy inte the existing median slab
and not use the asphalt keyway ol the original (as tested) design. 150, this could be accomplished in a couple
af dilTerent ways: |} the stirrups could be modified to be open at the bottom, extended in length, and placed
inta the slab - this option would resemble the stirrups used in the end section configuration. 2) The stirrups
could remain the same and #5 dowel bars would be placed at 18" intervals to match up with and anchor the



stirrups. Note - the #4 dowel bars shown in the original report and design drawings for the TL-5 median barrier
were used o anchor the rebar cape duning casting. These bars were not considered in the strength analysis ol the
barricr.

Let me know iF enther of these two options sounds like what you had envisioned.... or il I'm completely ofT base.

Attachment: hitp://mwrsi-ga.unl edwattachments/ 03bb2a03 747093 b20hEAS3d | A396F, pd§

Attachment: http:/‘mwrsi-qaunl edu/attachments/03bb2al 374 TTH0U3B2BEAS 3d | A 396 E puf

Response

Date: 06-25-2012

You gotil. Either of those options {or some version of those options} would be much moere agrecable 1o us
mstead of removing a bunch of concrete and pouring a new, separate fooler, And you're right - we are not
imerested in using the asphalt kevway on this project,

Dy I need 1o pick between the two options, or were vou planning on evaluating both of them?

—_—— —

Response

Date: (M5-25-2012

The two options are dircetly related since they would both include utilizing cpoxy to anchor #5 bars to the slab
{same spacing/intervals too). Thus, the embedment depth and lacation of the holes/anchors would be identical.
As such, 1can sketeh up both options and you can choose between the two based on cost and constructability.

For both options, the spacing would always remain consistent al 18 inches - bath front and back sides of the
barrier. However, the embedment depth would be a function of the epoxy strength and conerete strength. You
would have 1o use the manufacturers technical manual / recommendations on embedment o obtain fll capacity
of the rebar. Does Towa have a preferred epoxy, or is this open?

Recently, MwRSF has been utilizing the HIT-RE 500 epoxy from Hilt (1,800 psi bond sirength) for our
anchorage designs. This product coupled with a conerete e of 4000 psi would requite only & inches of
embedment to ensure full capacity ol a #3 bar.



Also, are you planning on casting the barcricr with the 1/18 Gee slope or with a vertical face (design option
discussed in report). Tonly ask because iU the 118 slope 1s being utilized, the dowels will be bent to match the
slope of the sticrups - anchoring at an angle is usually not desired.

Response

Date: 06-23-2012

Iwaould be mterested m seeing a sketch of both aptions. This would be extremely helpful when used to explain
the aptions to others,

F'm not sure that we have a prefemred epoxy, but we do have a list of approved sources. [ found the following
passage i ourMaterials [M 49811, Appendix Cis the only place 1 found a listing for Hiltli RE-500, Can vou
take a look and sce if these are the types of systems we should be employing in this situation, or if we should
limit the systems listed in Appendix C, or if we should provide a separate list of approved sources for this
particular project?

Appendix Ceontains polymer grouts for dowel bar installation. Either an encapsulated chemical

anchor system or a pressure-injectable system with mechanical proportioning and mixing shall
be

required to blend the material to uniform consistency.

To obtain approval for products under Appendix C, the laboratory evaluation will consist of
bonding

a Mo, 5 reinforcing bar in a 4-inch deep 3/4-inch diameter hole in a concrete specimen and

performing a pullout load test. The test specimen shall develop a 40-pound minimum pullout
load in

one hour and a 24-hour pullout load at a minimum of 10,000 pounds. The specimen will be
kept at

laboratory temperature. Two specimens are needed to obtain the average of each puliout load.

Products meeting the requirements for Appendix C will also be placed on Appendixes A and B.

Manufacturers whose products require special equipment such as an injection or mixing
equipment



shall recommend which equipment can be used with their product.

W are planning on having the barrier slipformed, so we will probably be using the 1/18 slape on the barries
face. Would this require an addinonal bend in the stirrups in order to avoid drilling/anchoring at an angle?

Response

Drate: 06-26-2012

Please the attached PDFs for the two epoxy anchorage options previously discussed.  Please note that the
embedment dimension of 6" is based on Hilie's HIT-RE 500 cpoxy {bond strength of 1800 psi). IFanother
cpoxy is desired, then the embedment depth may need to be altered to ensure ultimale tensile capacity can be
obtained. Also, this epoxy anchorage retrofit design assumes the conerete slab that you are anchoring too has
sufficient size and strength as o prevent movement, rotation, and damage to the slab. In your case of a 10 ft by
12 in decp slab, this should not be an issue,

Option 1 s divided mto an Option Ta and 1b. Ta keeps the stirrup angled to follow the barrier before being hent
to vertical 2 inches from the base of the barrier. 1b has the sides of the stirrup being bent to vertical near the top
of the barricr, thus eliminating the need for the small bend near the base,

For Option 2, 1 recommend doweling in using straight bars during the cposy/anchoring stage, letting the epoxy
set. and then bending the tops of the dowels inward w match and tic to the angled sides of the barrier slirrups.
stirrups would remain identical 1o original design.

Option 1 will save on material cost as the amount of steel is reduced, but Option Z, may be casier to construc
during installation

Attachment: hup:/mwrsi-ga.unledwattachments/dbhect fab38435¢ 1 Tdea 1 daTeScS bl _pdl

Attachment: hup://mwrsf-ga.unl.edu/attachments/dhbect Mah38455¢ 1 Tdet 1 daTesc 5l _pdf

Response
Date: 07-05-2012

Does anything change if we will be using epoxy-coated rebar for the cage and the dowels?

Response
Date: 07-05-2012



In & recent study on cpoxy anchors, MwRSF did dynamic 1esting on both black rebar and epoxy coated rebar
dowels, The testing has been completed, but the report is still being put together. Bob is the one finishing the
report, so he would Enow the conclusions of this study better than 1. Unfortunately, he is out of the office until
next week. From my recollection, 1 believe there is o 5- 10 pereent deerease in anchorage strength expected for
cpoxy coated bars, [fthis is camrect, then the embedment depth would need to be extended slightlv (12" 1o 1)
in order to ensure full capacity of the rehar can be developed.

The Hilti design manual lists an embedment depth of 3A%" is required to obain ultimate capacity of a #5 bar - |
rounded this up to 6" to be a little conservative and to get a nice even number. The Hilti manual does not
mention anything for the effects of cpoxy comted rebar. Thus, ifmy above stalements are correct {Bob help me
out here) then the embedment depth should be increased to minimum of 6.5,

Don' toke any of this a5 accurpte unbl Bob conbhirms ths. .,

Response
Date: 07-05-2012

Scoll 15 correct that our recent dynamic lesting of epoxy coated rods with chemical adhesives showed
approximately a 10% reduction when compared to black steel. Thus the increased embedment of 6.5" indicated
by Scott is warranted and should provide the necessary strength.

Hesponse
Date: 07-08-2012

The other point of concern [ had was with the splice length reguired between the cage and the dowels being
epoxied inta the pavement - whether using cpoxy-coated bars increases the required lap length,

Response

Date: 07-16-2012

The required lap splice length for an epoxy coated #3 bar according to the ACT Code is 28 in. - The original
sketches [ semt you showed 30" long dowels embedded 6 mches into the slab and extended 24 inches into the
barrier {for uncoaled rebar). Using 6.5 inches of embedment and extending 28 inches into the barrier, cpoxy
coated dowels would need to he 35 inches in length




Connection of a sound wall to a concrete barrier

Question
State: W
Date:; 07-12-2012

Halow 15 a drawing connecling a sound wall 1o a concrete barmer
From my understanding iz thal cur streclures department has reviewed this and are salisfed with the struclural design.

Could the Ldsdx3/4 bracket hal sils on lop of the parapet be a snag point?

Attachment: hitp://mwrs -ga.unl edw'attachments 070346806 1 87 202a¢ 3400607 c9b3cad 29, pd

Response

Date; 07-12-2012

| have briefly reviewed the 2 pages of details for a new noise wall system. You noted that there exists a
4"wd"w3/4" steal angle on top of the concrate parapet and walded to a verical W10x22 sleel suppart post. No
infaormation was provided regarding the noise panel material, size. or its attachment to the steel posts. You
inguired as to the propensity for vehiclas to snag on the small angle bracket

42" Concrete Parapets

For 42" tall concrete parapets, the risk of 2000F and 2270P vehicle snag via engine hood and front quartar
panel may be somewhat limited. However, the risk of vehicle snag with 80003 and 100005 single-unit trucks
may ba increased and depend on the structural strength and integrity of the sound panel material and its
attachment to the steal pasts.

32" Concrete Parapets

For 32" tall concrete parapets. the risk of 2000P and 2270P vehicle snag via engine hood and front quarar
panel an the angke bracket and suppor posts will likely be increased over that observed for 42° tall barriers and
depend on the structural strength and integrity of the sound panel material and its attachment to the steel posts.

It should be noted that we are unable to determine the crashworthiness of this noise barrier systam by simply
reviewing the provided schemaltics. The more appropriate means for evalugting the safety performance of
roadside hardware is to conduct fulk-zcale crazh testing. Let me know If vou have any additional guestions or
camments. Thanks!




Reasonable Variance of Cable Barrier Placement

Question
State: MO
Dade: 07-13-2012

I am requesting your concurrencs an @ reasonable varance in the lateral placement of a cable barrar system.

Here's thae problem:

We are currently under construction of a 10-mile segment of high-tension (Gibraltar) cable barrier in the median of 1-55 in
Jefferson County, MO, As a first item of work the 3-in. thick by 6-ft. HMA vegetative barrier has been placed throughout

he project imits. The subsequent work generally consists of augurng 12-in. holes and pouring the concrete sackets,

On this particular project, when an inspacior went to provide a line for the contractor to bore holes, be realized thal a 2009
rasurfacing project had incorrectly striped a 13-ft, passing lane a1 the expense of half a faot of driving lane and half & foot
of shoulder. So now we are left with the situation Pve depicled below, wharain, an average, there is a 3.6-f, inside

shoulder.

We realize that there is a documentad 8.6-ft. dynamic deflection when a pickup impacts the Gibrallar system. so a
backside hit on cur 7.6 offsel would result in & 1-ft. intrusion inte the lane. OFf course ls is an undesirable situation, so we

set about looking for an appropriate remedial option.

The following is a runcated list of potential salutions, along with the primary reason they're infeasibla.

Cption 1 - Install the barrier 0.5 ft, further down the 61 Inslope. This is undesirable bacause the sizeabls rocks being
augured aut of the socket holes are tearing oul chunks of the HMA mat curently and a location closer to the edge only
compounds this problem. The project budget cannot tolerate additional costs associated with repairing damage 1o the mat.

Option 2 - Lower deflections by decreasing post spacing. The project buedgel cannol tolerate this increased cost and the
S0% mcrease in posis and sockets would compound the previously mentioned problem of damaging the HMA mat

Option 3 - Fog-seal the existing rumble-stripe and reslripe the passing lans fo the comect width, This coticn is undesirable
because fogging a line with oil only partially obscures it. In fact on rainy days, at night, and in certain sunlight canditions,
the covered line is siill visible and confusing fo the driver. Given the thin lift {(NovaChip) layer upon which the stripe is

pamied, milling off the stripe is out of the guesoan,

Option 4 - Use a drivan (steel sleeve) socket 0.5 fi, further down slope. Over 50% of the posls locations are in heavy rock
fill where it is impossible to drive a sleave. If a pilot hole were to be augured, the same problem identified in Option 1

wiould present itsalf.

Option 5 - Stockpile the cable barrier system for installation after the striping is correcled with the next ovarlay. This
aption is undesirable because MoDOT wishes to start realizing the safety benefit immediately, notin 3 1o 4 years,



After exploring as many as § additional remedial options, a do-nathing approach (with respect 1o lateral placement) seems
ta have maril. The reasoning is based on the low [kelihood that a vehicle would be crowding the rumble-siipe on a 13-fL
lane, and the fact that this corridar is eligible for resufading in as litle as three years, al which fime the geomatry of the

pavemeant markings would be comected and a new rumble sirip milled.

o here's the guesticon:

Would a 7.6-ft. available deflection distance be considered a reasonable variance in the lateral placement of the
three-strand Gibraltar system on a 6:1 slope?
| look forward 1o vour prompt responsa.

Attachment: htip:/‘mwrsf-ga.unledu/attachments/93044c89b7 e 3061243259438 1 1e22¢86. 00

Response

Date: O7-18-2012

With all things considersd and your reasons for being unable to make significant changes, you may have o
utilize the proposed Eyout. | know that you understand that there exists approximately 1 ft of anticipated
ancroachment into the adjacent lane during extreme impact events with passenger vehicles (based on crash
test data only). This additional encroachment could result a vary slight increase in risk far partial vehicle
contact with a vary, very small porien of oncoming traffic, although the majority of the vehicles would not
typically be traveling in the outer 1 ft of the traveled lane. Second, we do not believe that this proposed
placamenl would significantly degrade barrier performance balow thal provided by the same barrier system
installed 1 ft farther away from the lane edoe.

Let me know if you want to further discuss via phone.

Response
Date: 07-20-2012

The below request has bean reviewed and commentad upan by bath the FHWA Office of Safety in Washington D.G., and
the Midwest Roadside Safety Facility (MwRSF) at the University of Mebraska. Both of these offices are authoritias in the
roadside safety field and their prompt, thoughtiul responses are apprecialed. In both cases, the do nothing approach
{Oplion 10} was shown io be a reasonably safe, albeit lass than ideal sclufion for the cable bamier placement issues an

Jeffersan [-65, Their comments are summanzad below:

* The FHWA stalad hat as long as this particular segment of 1-55 showed na inardinatety high level of crossover
accidenis from the northbound foward the soulhbound direclion (backside hils), then the 3 cther aptians exploned
and rejected were "adeguale juslificalion for tha stalus qua.” The accident history has been reviewed and the rale

of cressover accidents is at a normal level.
* The MwRSF also cited the 9 infeasible opfions explored as justification for installing the barmrier as designed. They

did note that a "very slight” increase in Incidental contact could ba apparent in a backside hit, although "the majority
of the vehicles would not typically be fraveling in the outer 1 f of the tfraveled lane,”

Il either of hese posilions have been misrepresented, please advise.



A subseguent conversation with the FHWA Missouri Division Office gave verbal appraval 1o a design exceplion proposing
Option 10 as a temporary solulion unbil the pavement markings can be corrected with the next resurfacing project.

Ir ight of &l this, | recommend that the cable barrier be installed as shown on the plans and the pavemant markings,
along with the rumble sirips, be correcled with the next pavement resurfacing. If you find this solution reasonable, please

wark with the ZE district lizison to drafl and seek approval of a cesign exception.




Nested vs 12 gauge thrie beam

Question
State: 1A
Date: 06-26-2012

When it comes to approach guardrail transitions. is nested 1 2-gavge thrie-beam considered equivalent 1o a
single 10-gauge thric-beam (and vice-versal! How about nested w-beam?

Response

Date: 07-13-2012

Mested 12-gavge thrie beam would provide greater overall bending and tensile strength than that provided by a
simgle 10-gauge thric beam. Most crash tests on thrie beam bridge railing and approach guardrail lransition
syslems likely have utilized nested | 2-gauge thrie when additional strength was needed or desired, However.,
MwRSF has conducted limited crash testing on thric beam bridge railing and approach guardrail transitions
where only one single [0-gauge thrie beam was utlilized, Historically, many of us have been comlortable with
allowing hoth thric beam alternatives (i.e.. nested 12-gauge T and single 10-gauge T in sibwations where
additional strength has been desired, Some of the complaints often pertain to the need to stock and differentiate
between 10 and 12 gauge thrie beam sections. However, others may not necessarily hold the same opinion.

With regards to W-beam sections, nested 12-gauge beams would once again be stromger than a single 10-gauge
beam in terms of bending and tensile capacity. To date, MwRSF has not conducted any research on sirong-post
W-heam puardrail systems where ruplure concerns were Axed with a single 10-gauge rail instead of nested 12-
sauge rails, However, MwRSF had proposed this option as one of many solutions for the orizinal mapture
observed in testing the Nebraska W-beam guardrail over a 4" 1all concrete curb. In the end. two nested 12-gauge
rails were used and provided suceessful perlormance. 1 would suspeet that a single 10-gauge W-beam may also
have worked o mitigate rupture concems.

W single M-gauge rails are desired as a replacement Tor all systems which use nested | 2-gavge rails, il may be
necessary to further investigate some of the more critical impact scenarios and systems with computer
simulation and/or dynamic testing.

Please let me know il vou have any Turther questions or comments on this matter, Thanks!




Short-Radius Guardrail

Question
State: 1A
Date: 06-26-2012

I've got a few questions for you on the short-radius guardrail system that 111 successfully tested at T'L-2:

s my understanding that the maximum radivs that can be uscd 15 8 feef. 1sthat correet?

2, Wemay have intersection angles that are less than or greater thin 90 deprees, Can the 125-foot mil section be bent to
anghes other than 90 degrees? 17 50, shoald the nomber of CET posts going around the curve remain unchonged? 1f bend
angles other than 9 degrees are nol allowed, how might vou suggest we deal with such situations?

e

3. Dsee that the original Yuma County design incorporated a fare on the prmary road side, but the TT-tested version dal
nai. Do you see any problems using a flare on the primary moad sede?

4. Tunderstand that the rail height as tested was 27 inches, Do vou see any issees with rasing e rail 1o e FHW A-
recommendsd minimuom of 29 inches? How about to 31 inclwes? 160, do the holes inthe CRT posis need 19 be shified lower
by 2 inches {or 4 inches)?

5. Aoy reason why we couldn't install this system with mid-span splices? How abour with 12-inch blockous?

Maost of our rural sideroad intersections have radii in the 25- to 30-foot range. Do you have any other
suggestions on how we might run guardrail around the comer in a manner that more closely matches the
existing radius?

Thanks For your help.

Response

Date: 07-17-2012

Ron forwarded me your email o address your short-radius questions. However, belore | ean address them, |
need o clear up which design we are referencing,

TTI developed and tested two short-radivs designs. One was tested under the TL-3 eriteria for NCHRP 230 and
one was lested under the TL-3 eritenia for NCHRP 330, Neither of these systems met the safety requirements or
were implemented

Recently, TTI sought TL-2 approval of the Yuma County short-radius design that was tested i T983 at SWRI]
based on their engineering analysis. This system was tested under the PL-1 eriteria of the AASHTO Bridge
Specifications.



No current svstem has been successfully tested 1o TL-2. IF you can identify which system viou arc referming o, |
will take a shot al answerng your guestions.

Thanks

Response

Drate: 07-17-2012

I was relerring o the Yoma County design that - comect me o 'm wrong - has been accepted at NCHRP 3510
TL-2,

Response
Dhalez: O7-18-2012
[ have looked over your short-radius questions and have comments below in red

I've got a few questions for you on the short-radiug guardrail system that TTT successfully tested at TL-2:

. Tt's my understanding that the maximum radius that can be used is 8 feet. [s that correct?

The Yuma County system was tested at SwRI with the 8 radius that TTT shows in their details. The
performance of larger radii is not fully understood for this particular system as it only underwent Bmited
testing. MwRSF has generally stated that smaller radii are more eritical for short-radius designs. A
smaller radius size will result in a stilTer curved section, while larger radii will tend o decrease the
stiffness of the curved section, Based on the previous rescarch, the use of smaller mdii seems o
demonstrate more promise for shont radius designs, No one has successfully tested any short-radius
system radii larger than 16' to either the NCHRP 230 or 350 eriteria. As such, we cannot recommend
increasing the size of the Yuma County system without further analysis.

FHW A Technical Advisory T5040.32 recommends the vse of a short-radius guardrail that was
developed by the State of Washington. This design was tested under the impact requirements set forth in
MNCHRP Report Mo, 230, The crash testing demonstraled that the system could contain a 1.800-1k small
=r and a 4,500-|b sedan, However, the testing program was not complete, and the results were marginal
in some cases. Guidance for installing the short-radius guardrail is given for systems with radii ranging
between 8.5 and 35 0. The technical memorandum also notes that testing conducted on a 35-fi radius
Washington State design did not perform adeguatcly when impacted at 60 mph by a large vehicle (4740
Ibs). Satisfactory results were obained for the 33-ft radius svstem when a test was performed at a
reduced speed of 50 mph with the large vehicle.

We currently have a project with Wisconsin DOT to evaluate the use of the Washington system with
larger radii. This work is currently underway and should provide some guidance as to the use of larger
radii with short-radius systems.

2. We may have interseetion angles that are less than or greater than 90 degrees. Can the 12.5-foot rail section be
bent to angles other than 90 degrees? 1 so, should the number of CRT posts going around the curve remain
unchanged? 1f bend angles other than 90 degrees are not allowed, how might you suggest we deal with such
siluations?



X

It is very difficult for us 10 make recommendation on the Yuma County system regarding intersection
angles other than 90 deg. Small vartation in the bend angle should not affect the performance of the
system greatly, but 11 1s difficult to define what the magnitude of the acceptable angles would be. The
angle of the sides of the system attects performance as the smaller the angle, the stiffer and more energy
the system absorbs when vehicles impaet on the nose due 1o the angle that the guardrail is bent during
impact. Obviously, as the angles vary a great deal from 90 deg. we begin W approach cither a gencral
curved puardrall svstem or a bullnose system. Thus, it would be possible 1o employ a bullnose design
with flared sides on the very small intenior angles or to follow guidance for curved guardrail on very
large angles, However, specific guidance on intermediate angles is haed to sive without further study,
cspecially on a system where we have only limited test data.

| sex that the original Yuma County design incorporated a flare on the primary road side, but the TTl-tested
version did not. Do you see any problems using a flare on the primary road side?

The usc of the fare in the system should be acceptable. We actually emploved a parabolic Nare in the

MASH short-radius svstem we partially developed. The vse of the flare helped reduce the potential for
the vehiele 10 be impaled by the guardrail rail if the vehicle impacted dicectly along one of the sides of
the svstem.

[ understand that the rail height as tested was 27 inches. Do vou sec any issues with raising the rail to the
FHW A-recommended minimum of 2% inches? How about to 31 inches? 1f so, do the holes in the CRT posts
need o be shifted lower by 2 inches (or 4 inches)?

We would not recommend changing the rail height of the system. Our experience with testing the small
car vehicles with the bullnose and short-radius systems has shown that the small car would be very likely
to underride the system if the guardrail height were inereased. 11 you desire 1o attach the system Lo a tun
of 31" high MGS, you can employ a height transition, In the past, our recommendation has been to
transition the 3.25" height dilTerenee over approximately 50 1t or two 25-1t long sections of W-beam
rrcdrail.

Any reason why we couldn’t install this svstem with mid-span splices? How about with 12-inch blockouts?

W sce no issues with using midspan splices or 12" deep blockowts in the system,

Most of our rural sideroad intersections have radii in the 25- to 30-foot range. Do vou have any other
suggestions on how we might run guardrail around the corner in a manner that more closely malches the
existing radius?

Mg marled in the discussion of lorger radii ahove, there s only limated testimg of Beger mddivg systems and thal was mesly done wder
e RCHEP. 230 or PL-1 guidance. Thus, we age leesy of mereasing the sidigs of the Yoma County svstem. The best puidsnee at this
tire 15 the FI WA memo noted above. In addition. you may want 1o comaet Roger Bligh ar TT1 and see il they investigited the use of
larger radii with the Y uma County design, Finally, the work we are doing with WisDOT should shed some fight on te subject ns well,

Attachment: hitp://mwrsl-ga.unl. edw/attachments/ bE2bbiR933h0h 1 B D6 fchea TdoeR2 | 1R pdl

Response
Date: 07-18-2012



Thanks, Bob, In vour answer to my #2 question, vou mention following "soidance for curved gusrdral.” May |
ask to what guidanee you are referring”

Response
Date: O7-18-2012
1 saw that coming as soon as | wrote that comment.

Currently, the guidance on curved puardeail svstems is pretty limited, . One rescarch study regarding vehicle
accidents or curved roadways and testimg of W-beam guardrail on curves was conducted by ENSCCr and
spomsored by FITWA in F989 theough 1Y This rescarch study invalved the testing and cvaluation ol strong-
post, W-beam guardradl systems that were located on the outer cdge of a horizontal curve with a 1,192-11 radius.
For this study, the successtul safety performance of the curved W-beam bamier svstem was observed on Dal
around tor an LML small car and a 5.400-1b pickup truck impacting at 60 mph and 20 degrees vsing flat
roatdway conditions. However, three subsequent pickup crash tests were unsuceesstul (e, cach resulted in
vehicle rollover) when the W-beam puardrail system was installed in combination with a super-clevated. curved
roadway, These crash lests were performed vsing the impact safety standards found in NCHRP Report Na. 230
and the AASHTO 1989 Guide Specifications for Bridge Railings. As such. no strong-post. W-beam guardrail
svstems have been successiully tested for wse on super-clevated, curved roadways according o NCHRP Report
Mo, 350 safety performance guidelines or the current Manual for Asscssing Safetv Hardware (MASH ). Beoause
the ENSCO research study is the only available testing of beam guardrail on curved roadways, designers are
limited to guidance on the installation of W-beam guardrail on curves based on limited tests of curved guardrail
on {lat ground and the use of engincering judgment.

Al this time, NCAC has an NCHRP project, NCHRP 22-29 Performance ol Longitudinal Barriers on Curved,
Supcerelevated Roadway Sections, to further investigate those installations, This tegether with the WisDOT
study we are doing should hopefully further our understanding of guardratl on curves,




Temporary Concrete Barrier Crossing Expansion Joints

Question
State: 1L
Dt O7-25-2012

Please see the attached photo of an inverted U shape connector placed over a T'UB at a bridge expansion joimnt.
The device is bolted to the top of the barrier on one side and free to slide on the other.

Apparent eoncern is for transler ol tension across the joint. Does this present a pocketing potential ?

W are pursuing changing this to overlapped runs of TCB, about 100 overlap total. However, width will
preclude achieving 2' separation of the two runs. So either methad leaves some concern,

Any comments and sugpestions would be welcomed,

Response

Date:; O8-17-2012

I am unable to find the attached photograph. We have had technical difficultics with this site in recent months.
Can vou please email me directly or repost the photograph. Thanks!




T-Intersection Guardrail

Question
Slate: KS
[Dhate: O8-01-2012

We need a 1adius design or wiap aound ype gugidiail, We aie slill using the Yuma Counly deslgn
from years ago. | have requested this project for several years now and | thought that this project
was going to be presented to TRE research. Can you update me on this... Thanks!

Response

Date; 08-02-2012

You inquired as to whether any other work bad been completed on the existing short radius guardrail systems,
You are correct that TTH did publish a TRB paper on the Yuma County system, which was also presented ai
TRB and published in TRR 2262 (January 20113 For this effort, TTI slhightly medified the design and
demonstrated that it would meet NCHRP Test Level 2,

On g side note, NDOR has funded a new concept development efTort to rethink alternative selutions for treating
hazards near intersecting roadways. The Phase I concept development study began in July and lasts 18 months




MGS Culvert Applications

Question
State: K5
Date: BE-09-2012

Whait is the porentinl ihat the metric-heighe, W-beam guardrail sysiem with half-post spacing that was previously developed For
atlachment fo the top of conerete box culvertz could be modilied and vsed in comboation wil e MGS?

Response

Date: 08-09-2012

Zome time back, you inquired into the metric-height, W-beam guardrail system with half-post spacing that was
praviously devaloped for altachmeant to the lop of concrete box culvers, Specifically, you asked whethear this
design could be modified and used in combination with the MGS. In 2007, we addreszed this issue and
provided an opinion on this matter. | have copied the response from the prior email and placed it directly balow.

NDOR

{3) No crash tasting has been parformad on an MGS guardrail system aitached to a concrete culvert. MwRSF currently
has a Phase | project (Year 18} o conduct the inibal concept development for the MGS bridge rail system. Phass I
funding will be requested in the Year 19 program. Once the MGS bridge rail is crash tested and successiully evaluated, it
may be necessary o acguire a smaller research project o adapl the system o culverts (e, top of slab, top of headwall,
ar back side af headwall).

WY: Is it acceptable for us to adapt this design for use with the MG57? Given the MGS's improved performance, it
would appear and acceptable design.

*=**MwRSF: Due to the superior safety performance of the MGS, it is our opinion that
the metric-height, W-beam guardrail system attached to concrete culverts should be
capable of be adapted for use with the MGS. Since the MGS design will result in
increased barrier deflections, it would be reasonable to increase the minimum post
offset from 10 in. to 12 in. or more.




Metric-Height W-beam Guardrail Attached to Top of Concrete Box
Culvert

Question
State: K5
Date: OB-10-2012

EsDO0T called MwRSF 10 ingquire abowt the status of o the previous request for FEHW A approval of the KCHEP Regort 350 1esied
metric-height W-bewm guardrnl atached w op of conerete box culvert,

Response
Drate: 08-10-2012

In 2001, MwRSF conducted a serics of MCHRP Report Mo, 350 full-scale vehicle crash tests on a metric-height,
W-beam guardrail system attached to a concrete box culvert. The configuration include a half-post spacing for
post anchored to the top of the box culvert and Ave hall-post spacing beyond the culvert. One successful crash
test was performed with the back of the post positioned 18 in. away from the culvert headwall. However, a
second crash test was unsuccesstul when the post was positioned 1 in. away from the culvert headwall. These
results are summarized in MwRSF report no, TRP-03-1 14-02 as well as TRE Mo, 1853 (2003 ).

In late 2002, MwRSF submitted a request for FHW A acceptance with the posts positioned a minimum of 10 in.
away from the culvert headwall based on extensive film analysis. Subsequent correspondence with FHW A
ensucd in 2003

At the time, Dick Powers was reviewing and preparing FHW A acceplance letters. From the comespondence
between FHW A and MwRSF, it became apparent that a couple of issues may create concern with the approval,
First. FHWA desired that a more intense approach guardrail transition be included beyond that shown in the
report even though the post behavior Tor the attached posts and embedded posts were nearly identical. The
recommended transition included farther reduced post spacing and guardrail nesting; since, another Texas W-
beam transition was used to attach to a very stiff Texas W-bheam bridge railing. Second, there was a potential
issue with the allowable laleral olTsct o the headwall, Based on a verbal discussion of these issues over the
phone, we decided to pull the request for acceptance as we did not agree to the caviats that would be placed in
the FHW A letter, Therefore, no final FHWA acceptance letter was published, even though preliminary
discussions oceurred while reviewing a drall letter. Some of the email correspondence has been oblained from
the hard copy archives for this project.



Therefore, 1 would like to know what you would like to come out of this investigation and determing if some
type ol resubmission is desired for the metric-height guardrail system. I may be necessary for both MwRSF and
KsDOT to have a phone conversation with FHWA to discuss our oplions as well, It may be the case that FHWA
will no longer provide 350 approval letters for previously crash-tested systems. | look forward to hearing from
you on this matter.

Lo

Response
Date: OR-10-2012

Per your request in a recent phone conversation, MwRSF will investigate and re-evaluate our prior request to
seck acceplance of the system noted above as well as a similar system with the MGS. Thus far, T have found a
copy ol the original letter request, as contained in the attached pdf copy. However, T have not found the prior
email correspondence on this matter between Dick Powers, FHIWA, and MwRSF. | will look into our hard paper
archives on this matter or contact FHWA Lo see if they have archived files regarding this request. I would think
that we would need to start with original testing before moving on to MGS,

Attachment: hitp;/mwrsf-ga.unl.edu/attachments'89ac 295cd28e0bede 3171 58 1 665 cenad, pdf




IH 43 NB at IH 39 5B Off Ramp

Question
Slate: W
Date: 08-14-2012

We have a situation (see photos) where 2 wing wall is falling away from a bridge parapet. The maintenance
stafl has stabilized the wing wall. but there is still an issue with spag.

In 5 years the bridge will be replaced, but 1 don't want to leave this like this until then.

I was thinking that it may be possible 1o

Put an angled metal plate (12" A36 with some reinforcing struts and bolts to attach it to the parapet) over the
smag paint

PMlace additional thrie beam or beam guard placed near the toe of the parapet it (with appropriate blocks and
connections ) and have the additional thric beam bend around the thrie beam transition.

Do you belicve that either ol these alternatives are feasible”? Do vou have other suggestions”

Attachment: hitp:/mwrst-ga.unledwattachments/ 38197 3dabeY%aad® 1 b365c5 1 Hed 1 1D4.IPG
Attachment: http://mwrsi-ga.unledw'attachments RS9 ER0cd 1 305662abd N 4e 1 1 LIPG
Attachment: http:/‘mwrst-ga.unledwattachments/379ccfb5c (TtaBe54d020de | ad6836e JPG

Attachment: http:/mwrst-ga.unl.edw/attachments' 406508 cbe T4e 5 {36048 1 beaab 7774474 IPG

Response

Date: O8-14-2012

More photos

Agtachment: hittp:/mwrs-ga.unledw/attachmenl s/ 4ceB02 7082 fe08 202 5 T921 830812 1 PG
Attachment: hitp;/fmwrsl-ga.unl.edwattachments4eeM2 T2 PR 2002 5 TYN R308 e TG
Attachment: hitp:/‘mwrs-ga.unledwattachments/ 4ce 02 TR 2 M98 20c2 52 TR RI0R2e | 1PG

Attachment: hitp://mwrst-ga.unleduattachments/ 4eeB02 TOR 2198 202 50T R3082e ] IPG

Response
[hate: OB-14-2012



One more,
Attachment: hitp://mwrsf-ga.unl.edu/attachments/'63ded 366e9h 719033 1 8hTaadd 424, IPG

Response
Date: 08-14-2012

This one may be somewhat difficult but T ofTer the Tollowing:
(1} Bring w-beam rail away from sloped end or buttress with additional blockow,
(2} Within sloped end region. connect symmetric W -beam to thrie beam transition.

{3} Block Webcam to thric beam transition away from sloped end as well.

{4} Conneel nested | 2-pavge or single 10-gavge thrie beam to downstream end of 1-gawge W-T section and attach
across shifled/exposed joint.

{5} Block thrie beam away from parapet and slowly taper back to parapet face at end of 12-1t 6-in. section 1o reduce
wheel snag concems.

{6} Use thric end shoe to anchor thric beam to downstream parapet.

This is the best that 1 could come up for short turnaround.




Bullnose Foundation Tube at Post No. 1

Question
State: W1
(et O8-24-201 2

Are there any altemative options to the 8' long foundation tube current used at post no. | in the thrie beam
bullnese barrier Tor installations where the full ' embedment is difficult to achieve?

Response
Date: 08-24-2012

There may be a potential alternative for the long foundation tube. However, the shorter tube would use the
standard 6-ft long tubes with channel strut between post 1 and post 2 or the next increment shorter (don't recall
at moment) with channel strut and soil plates. In both cases, new holes would be needed in foundation tubes to
lower strut 1o helow grade versus above grade. For this design, the strut cannot be above prade as it caused
vchicular instabilities in the bullnose crash test! Let me know if vou need additional information on this.

T they cannol get the 8 fi tubes into the ground, they still need to acquire somewhat large depths within rock to
place the other tubes.




Draft of Short Radius Guardrail Standard Drawing

Question
Slaie: K5
Drate: O8-27-2012

Allached Lo this e-mail is g diall of KDOTs shoel radius guandiail standad deawing, which 've
updated for the MGS. I'm aware you and Scolt have been communicating wrt to this topic and no
approved system has been designed or tested for the MGS. KDOT is interested in modifying our
existing standard drawing in accordance with TTIs analysis and report (see altached) in the hopes of
submitting the standard drawing for federal approval 1o allow KDOT to use the system on our projects
in the interim period until such a time an approved short radius system becomes available. Please
take some time to review the attached drawing and make any appropriate comments. | look forward
to hearing from you and greatly appreciate your help. Please call if you have any queslions or would
like to discuss this further,

Response

Date: 08-28-2012

I da nat recall giving any guidance that would support the use of the MGS as a short radius guardrail system
around the nose of the device, Seott may have to relresh my memory an this issue, I is possible that we would
have discussed eventually transitioning the w-beam to MGS after traveling along cach of the two sides, For high-
angle impacts on the nese, there may be some concern that the small car cannot be captured and mstead would
umderride the mil. In order to improve capture, many prior studics had investigated the use of a thrie beam raal mm
the nose section under TL-3 test conditions. Although some promise was revealed in testing of the latter design,
the project was abandoned. Unfortunately, the configuration of the primary side became unrcasonably long,
which made the gverall system impractical to install.

Currently, it may be necessary to ubilize the existing Yuma County svstem or modifications noted by TTL Ahter
traveling down the sides, then the guardrail could be transitioned to the MGS. Please [et me know if vou have
any questions or comments regarding this information,




Tube Spec for PCB Tie-Down through Asphalt

Question
State: WI
[ote: 0G-06-2012

ol e roveew The queeaiioms belos

I don't think thar there iz an ASTM for the cold drown DO steel dube, 1 think that the inlermation provide for this tube s adeguate
cisnugh e ged s coivect siecl.

Pleass see the altached detail for the USH 41 femporary barmier wall on sbruciures with an asphaltic ovarday. One
comment we have recieved from the regional materials folks is that the mounting hardeware, in particular the steel tuba.
I5 there an ASTMAASHTO standard for the steel sleeve, We currently have a Cold Drawn DOM Steel Tube (Min 72 ksi
Yeild Sirengih). Does this type of lubs relate to an ASTMIAASHTO standard to ensura that the 72 ksi veild slrengin is
being met?

We alse need infarmation for e ASTW standards far the nul

Attachment: http://mwrsf-ga.unl.edu'attachments/aa0f 1 39537037 7{0d 2c07 e c 10795, pdF

Kesponse

Diate; 09-06-2012

The material for that tubing is labeled wrong on the original drawing | sent (sormy). [t lists the tubing as having a
12 ksi yield strength, Tt should have read o 60 Ksi vield strength and a 72 ksi tensile strength.

The material used for the tabe is Cold Drawn Seamless ASTM 519 tubing and the tube material should be AlS]
1026 (UNS GI0260) cold drawn steel tubing, Cold Drawn Seamless is made from 1026 (UNS G10260) steel in
sizes through 9 A" O,

hitpefwww.matweb.com/search/DataShectaspx PMatGUID - (3e0878 Lecedd ] 3ebd 167d9a%9d 121112

Lt me know i you nead anything clse.

Response



Date: 11-05-2012




Epoxy bolt question for BEAT-SSCC

Question
State: W
Dhabe; 09-17-2012

W ame trving fo figure out iF we need 1o bolt through o parapet fora BEA L-S500 crash cushion,
A

Manulaciurer's recommendation is:

A

"Anchorage systems that develop the full copacity of the bolt may be used o an alternofive o drilling through the conerete section.
A

Manufacture indicates that the bolt tha 15 wsed (o maow e BEAT-5500 10 the mrapel s

A

17 = 16" Hex Bolt Grade 3

A

Total parapet widih at the height that the bolts are going o be installed at 15 11" A Concrete strengih is 00 P51,

A

[% it possible w vse epoxy or mechameal anchors?

A

Response
Date: (0-20-2012
| have reviewed the BEAT installation you sent to gee if the end bolts can be installed with epoxy.

Typically, when we determing if the bolts can be epoxied rather than through bolted we assume that the
apoxied installation must be capable of developing the full tansile and shear capacity of the bolt in question.
The ultimate shear and tensile capacity of the 1" dia. Grade 5 bolt are 41.98 and 72.72 kips, respectivaly. If the
bolt shear occurs through the shank rather than the threaded section, the max shear load is approximately 94,2
kips.

I calculated the epoxy anchors based an Hilti RE 500 epoxy and assumed an embedment dapth of 8" 1 also
used an anchor spacing of 15.625" and an edge distance to the top of the parapet of 77, Hilti lists the ultimate
bond/concrete capacity in shear and tension for a 17 anchaor with 9" of embedment as 85.2 kips and 69.5 kips.
respectively. Whan factors for anchor spacing and adge dislanoe are applied, the shear and tension capacities
of the concrete/bond become 95.2 kips and 54.2 kips, respectively. The tension number is likely too



consarvalive as Hilli assumes unreinforced concrete, Thus, the actual tensile capacity is likely greater than
54.2 kips. | would assuma that that the anchorage can safaly achieve 60 kips with reinforcing steel present.
Comparing those capacities with the steel strengths above, it i= apparent that the epoxy anchor has sufficient
shear capacity and is slightly lower in tension. Wa do nol believe this is an issua as the combined loading on
the: and anchar bolts is primarily shear with some tension due to prying of the box beam away fram the face of
the parapet. This prying action will craale some lensile [oads in tha bolt, but the box beam tubes cannot
ganarate lensile lpads in excess of G0 kips at the anchor locations prior to yielding. In fact, the yield of the
tubing limits the pryout tensile lcads on the anchor o undar 40 kips.

However, a problem exists if you are installing the anchors with the epoxy, The epoxy bond capacities assume
the use of all threaded rod of similar grade or fully threaded bolts. The thread will dovelop the apoxy capacity
more effectively than a smooth shank. A smoath shank will 1and 1o decrease the bond capacity significanthy,
Thus, we cannot depend on the epoxy anchor capacities above will b true unless a fully threaded section is
used. The BEAT systam may be designed such that the smooth shank is required fo fake the shear loads in
the design rather than a reduced section due to threads. As such, we cannot recommend epoxy anchorage of
the bolts due 1o concerns that tha use of fully threaded saclions would reduce the shear capacity of the
anchorage below the dasign intent. You could contact the BEAT manufacturers to get their feedback if the use
of fully threaded anchor sections is acceptable.

Response

Date: 09-20-2012

I'talked with the manufacture. Threaded rods are acceptable. Do you have a recommendation on grade of
threadead rod?

Response

Date: 09-21-2012

| would make the grade eguivalent to the Grade 5 rod specified in the plans. Thus, A449 is the appropriate
threaded rod spec, A182 B7 would be accaptable as well.




Replacement Criteria for Broken Strands of Cable

Question
State: WY
Drate: 09-27-2012

Our maintenance personnel are asking how many strands of cable can be ruptured before cable replacement
becomes necessary. 1 believe that Trinity has advised that i3 or fewer strands in a single bundle are ruptured,
the cable will still have adequate reserve. [ belicve the cable is 3 bundles, with 7 strands cach (3x7). Pleasc
advise.

— e —

Response

Drate: 09-28-2012

The decision on when to replace damaged 3x7 swire rope (3 sironds of 7 wires each) in 2 cable systern should ke kept conservative due
b the eriticnl function it serves, In the past we have noted research inio wire rope damags for rigging applications that sugeested that
several wares conld be domaped or freciured 0 @ strand o= long as the fractured wires were relatively Far apart. The argument tor this
approach was thal the Mricton developad by the weave of the cable wires and strands should help develop the Fractured wire over
sugrifieant cahle length,

However, this type of recommendation does not apply readily to wire tope used in cable barriers because of the dilference in the
application, For rigging appheations, there i generally a sigmileant factor of safety and the wire tope 15 nob stressed nessr i1s ulhinste
capacily, In addition, the wire rope muest have the ability 10 absorb energy in order 1o develop higher Ioads when used o @ barrer
nimpact. Due o these reguirements, we would recommend replacing wire rope on a cable barreer o thene 15 2 single factured wire o
stramd or if there is visible plastic deformation and wecking of indivedisal wires moa soramcl. 17 wire fractore or necking of one wire ina
stramd is obeeryed, it is safe o assume that the other wares an the strand were Joaded ot or near theie plagoe Lo as well, Thoes, the
remaining dwctilicy, internal energy, and capacity of the strand with the damaged wire is likely very low and subsequent loading of the
cahle will reach the limit of the strand capacity moere guickly due to the reduced internal cnergy dissipation in the strand.

We would not recommend that vou follow the Trnity recommendation of 3 damaged wires in the strand, This would indicate a srand
that had very litle remaining capacity and we would nod consider it fit For scevice.

Response

Date:; 09-28-2012

Thank you tor your response. One additional point of intormation. The fractures don't appear to be caused by
E:ield strain, but by some feature of the impacting vehicle actually cutting strands.

Response
Dhate; 10-22-2012
end of responsc




Codecs for Viewing Crash Tests Videos

Question
State: WY
Date: 9-27-2012

I just got a Windows 7 computer at work and have experienced problems viewing older crash test videos, most
of which are taken with the high speed cameras. Sometimes the first few seconds will run, then they shut down.
Afler doing some rescarch on the internet, [ found that apparently Microsofl has felt that some codecs pose a
potential security threat to their operating svstems so they furnish less out of the box, | have noticed this on
several different computer manufacturers. Do you have codecs that can run these older videos and if so, how do
vou install them?

Response

Date: 10-23-2012
Attached is a zip file that contains two different files. The first executable file "ivSsetup” is usually the one that
needs o be installed. 117 you are still having problems after installing that one, then mstall the other executable

file, "K-Lite Codec Pack 640 Full®,

Attachment: hitp:/mwrsf-ga.unl edu/attachments/d fe39ceeb80T6e 1 TR4T5c T 14a5bi 1 c.zip




Clear Zone for Roadways with Design Speed of 70 mph

Question
State: W1
Date; 04-25-2012

W are looking o inerease v posted speed ol e rural Teeways o 70 mph. We have a project that is looking
to use a design speed of 75 mph. 1 was asked what should be the ¢lear zone for a 75 mph design speed.

I believe that some of the work Dr, Sicking put together for the NCHRP Report 665 may be able to provide
guidance.

Response
Date: (/9-28-2012

The clear zone adjacent 1o high speed roadways was originally determined from lateral encroachment
data collected adjacent to high speed test tracks at General Motors, Every ran-off-roaad event was identificd
and investigated to determine the vehicle trajectory after leaving the roadway. The distribution of lateral travel
distances was developed from these accident investigations and the national clear vone distance for high speed
highways was sct equal 1o the 70t percentile lateral encroachment distance.

This same approach can be used to estimate the appropriate clear vone distances for high specd
highways using data from NCHRF Report 665, This study collected more than 800 vehicle trajectorics from
single-vehicle. ran-off-road crashes on high speed roadways. Further, the ceash sampling method produced a
large bias toward severe crashes. Thus, even though approximately hall of these erashes involved impacts with
fixed objects which may tend to shorten the lateral travel distances, the large bias toward more serious crashes
should produce the opposite effect. Thus, the data from MCHRP Project 663 is believed to be the best source of
vehicle trajectory data currentlv available.

Unfortunately, the number of crashes collected from 75 mph highways was somewhat limited. When
lateral encroachment data from controlled access highways with 70 & 75 mph speed limits is examined, the oth
percentile lateral encroachment was found to be 1025 moor 34.5 . This value closely matches the Roadside
Design Guide recommendation of 32-35 1 for 70 mph highwavs.  Historically, encroachment data has been
extrapolated to higher speed facilitics by incorporating s percentile encroachment distances, The il
percentile encroachment distance from the curve below was found to be 13 m or approximately 43 i

The appropriateness of using this approach to extrapolate encroachment distances to higher spead
limit facilities was then evalualed by using data from 65 mph highways to estimate the appropriate clear zone
at 70 mph.  As shown in the figure below, the estimated clear zone width for 65 and 70 mph roadways was
found to be 8.3 and 10.4 m respactively. The close comelation between the two estimates for 70 mph
roadways and the carelalion with the RDG provide strong support for the method used to estimate appropriate
clear zone for 75 mph highways.

-

Attachment: hitp:/mwrsf-ga.unl.edu/attschment s/ 4MWbe3 75ddab920ba 7 Te232 73604 1 58a, pd f






How much of a 2:1 do we need behinded a beam guard post

Question
State: Wl
Dtz 11-001-20012

There 15 a praject that may have (o install beam guard near a body of water, The are asking how far down the
slope do they need to carry the 2:17

I know that the attached drawing show 2,51,

Attachment: hitp://mwrsf-ga.unl.edu/attachments/ 2331371 1 Rac5245d984b54d0 1 {409 50a.pdl

Response
Dt 11-01-2012

W would recommend that a minimum of 4 fi of the 21 slope be maimained prior o switching o a steeper slope. This length shooald

provide sulficient soil ot the 201 slope o resist post rotofion in a manner similar io the continuous 2:1 slope that was tesled,




Allowable exposed offset for PCB to median gate attachment
hardware

Question
Slate: W
[hate: 11-07-2002

WisDOT is planning on installing some median gates with temporary barrier. The manufacturer's drawings
indicate that the face of thier gate anchorages and the face of our temporary conerete barrier will not be flush.
One manufacture indicated that the difference could be up 1o 1"

How much of a difference between the face of our barrier and their anchorage would be considered a snag issue?

1 believe that there was some crash testing done at MwRSF indicating that 3/16 or 1/4 inch plate cavsed a
vehicle to roll over. Would this be a good rule of thumb with steel?

Shouldn't manulacturers be able to provide gates that don't have snag issues with out doing a crash test or
significant amount of engineering”

Thanks

Response
Date: 11-14-2012

| have some commeents regarding the use of median barrier gates with TCR segments as well as the snag issue
vou brought up.

First, you are planning to install a median gate system on a run of TCB's. This type of installation poses some
coneemns as median gate systems were typically designed and tested with permanent concrete parapets. Thus,
vou will likely need to anchor both sides of the TCB segments adjacent Lo the gate in order 1o provide similar
deflection performance as compared o a rigid parapet, Currently, we do not recommend anchoring on the front
and back sides of a TCB system. However, we have seen in past testing that pins on the backside of a barrier
may cause excess rotation and tipping of the barrier whicl in turn can produce vehicle instability. Thus, we
currently do not recommend pinning on both sides of the PCB when placed in the median except for the
transition section which we tested. In addition, anchoring both sides of the TCB system will still allow some
level of deflection which will be greater than the rigid parapets the median gates were designed and tested with,
Thus, there are concerns that the use of 3 median gate system may be affected in some manner when used with
anchored TCR's,

Thal smd, your original question was regarding the level of vertical asperity that can be present on the lace the
barriers due to the attachment of the steel gate hardware to the TCB segment, Previous rescarch has shown that



vertical asperities can affect vehicle stability in a negative manner.

MwRSF conducted testing on an anchored steel temporary barrier seetion formed by welding together stacked
steel H-sections. The H-sections were connected using 3.3"x15"x0.375" vertical steel plates. In the first test of
the system, test no. HTR-1, the 2000P vehicle impacted the barmier and rolled. From an analysis of the test
results, MwRSF rescarchers believe that the rollover was caused by snapging ot the pickup truck on the barrier.
More specifically, the steel rims and sheet metal snogged on the 3/3" thick vertical straps holding the barricrs
together, the separation between the barrier joints, and the top of the barrier section. This conclusion was based
om the damage 1o the vehicle's right-side sheet metal and steel wheel ims as well as the right-front fender being
pulled down during the test as observed on the high-speed film.

Following this investigation, MwRSF rescarchers determined that the safety performance

of the H-section temporary barrier tie-down system (Design No. 1) could be significantly improved by reducing
the potential for snag. In order to climinate the snag potential, two modifications were made to the barrier tie-
down system. First, the vertical steel straps positioned on the traffic-side face of the barrier were removed and
replaced with a longitudinal seam weld. Second, the anchor holts used in conjunction with the drop-in anchors
were changed from ASTM AJ25 1o ASTM AMT grade bolts, The belt grade reduction was made in order to
reduce the load capacity of the tie-down attachments and allow for a slight increase in the deflection of the
system. It was believed that allowing slightly higher deflections would potentially reduce any additional vehicle
snag on the top of the barrier seetion and at the joints.

A second test, test no. HTB-2, was performed on the modified system with

a A¥-ton pickup truck and was determined to be acceptable according to the TL-3 safety performance criteria
presented in NCHRP Report No. 350

Based on this research, it would appear that vertical asperties of 3/8” or more can contribute to vehicle
instability.

The file "HTB.zip' (23.5 MB) is available for download af



http:/drophax, unl.edu/uploads 201211 28/6ch3d2 1 BeTeTa%eHTR.zp
for the next 14 days.
It will be removed afler Wednesday, November 28, 2012

2. Previously, MwRSF has provided guidance with respect to the allowable offset for alignment of permanent
concrete parapets and temporary concrete barriers.

With regards to permanent concrete barrier, we wounld recommend kecping the lateral offsct or alignment offset
minimized to eliminate snag. Variations of 1" or less would be preferred.

For the temporary barrier installation shown in your photo, we would preter that the alignment gap be 1" or less,
but we believe that gaps as large as 27 are likely permissible. The rationale behind the larger alignment gap
allowance is that temporary barricr scgments will move when impacted and cause changes in the alignment gap
as the impacting vehicle reaches the barrier joint. Thus, a joint that has a given initial alignment will move
change alignment as the barrier is impacted. This allows for more tolerance for the temporary barrier gap.
Alignments gaps larger than 2" would indicate problems with the temporary barrier joint and would require
investigation.

Keep in mind that these gaps were specific to concrete barmier overlaps where the conerete wounld he expected (o
fracture and give when snagged.

3. TT1conducted research in NCHRP 554 regarding aesthetic barrier design and the size of vertical asperitics
allowable for concrete barriers. This research found a range of performance for vertical asperities dependent on
the angle, depth, and the width between asperities. Crash testing conducted as part of this project found that
vertical concrete ridges as deep as A" could result in failure. Further simulation analvsis found that vertical
steps of A% were acceplable.



In addition o the above studies, there is some concern that gaps between the sheet metal of the gate system and
the concrete barrier could be opened further during impact and increase vehicle snag as well as compromise the
structure of the gate connection. As such, we would recommend keeping the gap to a minimum. This should be
achievable through using steel plates to bndge from the cxposed cdges of the gate hardware until it is flush with
the surface of the PCB. The thickness of these plates should likely be limited to A'" based on the issues with
JE” plate in the HTD testing and the results of NCHREP 554,




CRT posts behind a curb

Question
State: [A
Date; 1-20-2012

We have an MGS post conflict at an existing curb intake. As vou have recommended, we will be installing the
MUGS long-span system fo skip one post at the intake, placing three CRT posts upstream and downstream of the
unsupported section.

Since the CRT posts will be installed behind a curb, must we adjust the location of the weakening holes so that
the center of the top hole is flush with the ground line? Or can we siill use the CRT pasts that were utilized in
the long-span crash tests (top hole centered 32 from top of post)?

Response

Drate: 11-21-2012

In this situation, we would recommend thae Both the CRT holes be adjusted wpasard to account for the additional soil behind the curb.
Thus, 1iFa 6" curb was used in the installotion, we would recommend that boil the upper ad bower holes o the CRT post be shifted 6"
up ot the post, Post embedment con remain the same (in this case slighily increased from a standard insallation dus to the curb),

The rational for shifting the holes is related to the function of the holes in the post, The holes reduce the cross-section of the post and
act b weaken the post in bending and in shear. However, if the bole that i evpacally af growsdline 15 buried. then the cross-section of
the post is not weakened for shear loads across the base of the post at groundline, and the post may ot fricture as desipned. The
Bending section woukd still be reduced even with the hole being placed below sroudline, Because the CRT 15 wsed with a curk an this
eitse, the vehicle bumper may impact the post lower than a typical installation. Thus, the shear fractre of the post may become more
critical. Thus, we recommend relocating the holes in the post as noted abeve.
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Project Description:

MwHESF has recenily developad a Universal Ereakaway Steel Post (LUBSP) for use in the thrig beam bullnose sysiem
The satisfaciory perfformance of the UBSP in the bullnose median barrier system would suggest that there is polential for
the UBSP to be used as a surrogate in ofher CRT applications, such as in the long-span guardrail system, guardrail end
terminals, guardrail systems installed in subsurface rock faundations or nigid pavement mow strips, future shon-radius
guardrails, and new, reduced maintenance barrier syslems. However, further analysis and testing would be required fo
verify its pernemances in thasa other guardrail applications Thos, there axists a naed to conrdoct furher anakysis and
testing of ihe UBSP in order to investigate its feasibility for use in other bamer systems,

Objectives §/ Tasks

1. Dynamic bogie tests (& total)

2. Data analysis and avaluation

3. Ulferior systems design recommeandations

4, Written report documenting all testing. analysis, and conclusions

Progress this Quarter {includes mestings, work plan status, contract status, significant progress, etc.):

Previously, ihe eight originzlly proposed dynamic bogis tesis were conducied. This quarer, the 1est resulls were
analyzed and compared, Resulls betwesen the bazeline wood CRT posts and the sieel breakavway posts look vary similar
for slrong axis rotation, while the steel posts produced only slighily less resistances than the wood posts duning weak axis
rotafion tests. Thus, the use of the steel breakaway posts in multiple CT applications Iooks promissing.

TPF Program Standard Quarterly Reporting Format — 72011



Anticipated work next quarter:

Work on the report documenting zll testing, analysis, and conclusions shall begin, Additionally, conclusions shall be
drawn concermng the use of steel breakaway posts inslead of wood CRT posts.

Significant Results:
Al eight of the onginally proposed dynamic bogie tesis have been conducted. The data has nof yet been analyzed.

Ohjectives f Tasks e Complete
1. Dynamic bogie tests (8 total) 100%
2. Data analysis and evaluation 0%
3 Uterior systems design recommendations 0%

4. Writien report documenting all festing, analysis, and conclusions 0%

TPF Program Standard Quarterly Reporting Format = 772011



Circumstance affecting project or budget. (Please describe any challenges encountered or anticipated that
might affect the completion of the project within the time, scope and fiscal constraints set forth in the

agreement, along with recommended solutions to those problems).

Mone

Potential Implementation:

Furthier analysis and development of the UBSP post would ald designers by praviding a potendial surrogate post design
for current CRT applications. Because the UBSF design is fabricated from siesl, its use offers several bensfits aver
fimber posts, including reduced varability, reduced concems for delerioration over time, and alleviation of envirenmantal

congerns regarding dispesal of wood posts wilh preservative treatmant.

TPF Program Standard Quarterly Reporting Format — 7/2011



TRANSPORTATION POOLED FUND PROGRAM

Lead Agency (FHWA or State DOT):

INSTRUCTIONS:

QUARTERLY PROGRESS REPORT

Mebraska Department of Roads

FProject Managers andior research project invesligalars should complele a guarerly progrezs report for each calendar
quarter during wiich the projecis are active. Pleaze provide a project schedwie stalus of the rasearch activilies fiad fa
each faak that is defined in the proposal; a parcentage compledion of each task; a conclse dlscuasion {2 o J senlences) of
the current slatvs, Incliding accomphsfirments and problems encountered, it any. Lisf all fazks, aven if no wark was done

during this perlod,

Transportation Pooled Fund Program Project #
fi.e, SPR-2(XXX), SPR-3(XXX) ar TRF-5{XXX]

Transportation Pooled Fund Program - Report Period:

TPF-5(193) Suppl. #56

OQuarter 2 (Apeil 1 = June 30)
Clwarter 3 (July 1 - Sepiember 20}

¥l Quarter 4 [Ociober 4 — Decamber 31}

OQuarter 1 {January 1 — March 31) |

Project Title:
Increased Span Length of the MGS Long Span
Name of Project Manager(s): Phone Number: E-Mail
Reid, Sicking, Faller, Biglenberg, Lechianberg 402-472-3084 jreid@unledu
Lead Agency Project 10: Other Project 1D (Le., contract #): | Project Start Date:
RPFP-13:MGS-3 2611211082001 TH2012

Original Project End Date:
302015

Currant Project End Date:

Mumber of Extensions:

Project schedule status:

F'j Cn scheduls

Orverall Project Statistics:

O On revised scheduls

Ll Ahead of schedule

[ Behind schaduls

Total Project Budget Total Cost to Date for Project Percentage of Work
Completed to Date
5212730 50 0%
GQuarlery Project Slatisbics:

Total Project Expenses
and Percentage This Quarter

Total Amount of Funds
Expended This Quarter

Total Percentage of
Time Usad to Data

30

TPF Program Standard Quarterly Reporting Format — 7/2011



Project Description:

The current MGS long-span guardrail system provides the capability to span unsupported lengths up 25 £ While this
span lengih has many useful applications, many culver structures exceed the span lengih of the MGS long-span systam.
Other solutions for mounting guardrail fo culverts exist, but mounting hardware 1o culvers can alsa cause difficules. If
the long span can be adjusted fo accommodate longer spans, the difficulties aszociated with mounting hardware to the
culvart can ke avoided.

The objective of this research efior is o design and evaluate the MGS long-span design for use with unsupported spans
yrealer han 25 I The ieseaicd effon L coubd be fovused o ooe of o diecions, The ieseach ceuld focus on
determination of the maximum unsuppored span length for the cument long-span design o it could focus on evaluating
potential modifications that may allow Tor significantly lorger unsupporied spans. The increased unsupporied span design
would be designed to meet he TL-2 safaty criteria sat forth in MASH.

Objectves / Tagks

1. Literature review of previous long-span systems

2. Simulation of both criginal and any new long-span system designs

3. Design modifications o extend unsupportad lengih

4. Full scale crash festing of new dasign (two MASH 3-11 tests)

5. Data analysis and evaluation

&. Wiitten report documenting all design wark, simulation, testing, and conclusions

Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):
Wark on this praject has nat begun

TPF Program Standard Quarterly Reporting Format — 772011



Anticipated work next quarter:
It is anficipated that the literature review will bagin next quaner

Slgnificant Results:
Mona

Ohjectives | Tasks
1. Literature review of pravious long-span systems

2. Simulation of both originzl and any new lang-span system designs
3. Design modifications to extend unsupported langth

4. Full scale erash testing of new design (hwo MASH 3.11 tests)
&. Data analysis and evaluatian

6. Written report documenting all dasign work, simulation, testing, and conclusians

% Completa
0%
%
0%
0%
0%
0%

TPF Program Standard Quarterly Reporting Farmat — 72011




Circumstance affecting project or budget. (Please describe any challenges encountered or anticipated that
mighit affect the completion of the project within the time, scope and fiscal constraints set forth in the

agresment, along with recommended solutions to those problems).

This project has a cost of 3249 335 There was insufficient funding in Pocd Fund Year 23 to fund this entire amount. Thus,
The budget for Year 23 is 3212730, and the remaining 536,605 is being funded by confingancy funds in Peal Fund Yeaar

23

Potential Implementation:

The MGS long-span systermn has the ability to parform safely without nested rail and with @ minimal barrier offset. These
features make the barrier a very functional, efficiznt. and safe oplion for protection of low-fill cubverls. Development of an
increased unsupparted span length for the MGS long-span system will add to the flaxibility of the design and prowide for
improvad protection of culvert haadwalls and verfical dropoffs with a length greater than 24 ft

TPF Program Standard Cuarterly Reporting Format — 772011



TRANSPORTATION POOLED FUND PROGRAM
QUARTERLY PROGRESS REPORT

Mebraska Department of Roads
Lead Agency (FHWA or State DOT): R

INSTRUCTIONS:

Frojec! Managers andfor research project investigators should complele a guarerly progress repart far each calendar
quarter durimg which the projects are active. Please provide a project schedwe slalus of the research activlies Bad fa
each task thal s defined in the proposal; a perconfage complolion of oach task; o conciso discussion (2 or 3 senloncos) of
e currant status, including sccamplizhments and problems encountersd, IiF any. Ligf ail fasks, even if ng work was dona
during this period.
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$1462 BoG 0 %

Quarterly Project Slabslics:

Total Project Expenses Total Amount of Funds Total Percentage of
and Percentage This Quarter Expended This Guarter Time Used to Date
50
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Project Description:

Ower the years, it has become desirable 1o place a longiludinal concrefe slab or confinuous asphalt pavemeant under
W-beam guardrail systems in order {o reduce the time and costs for mowing operations around guardrail posts. Likewise,
many times guardrail posts must be installed in un-yielding pavements. Unfortunately, the placemeant of guardrail posts in
pavemant restricts anargy dissipation by rastricting the posts from rotating throwgh the soil. Thus, installations in
pavements have incorporated a blocked-out area or “leave-cul” that surrounds each post. These leave-ouls allow post
rofabion in e 5o and result in accaptable safaty pedormances for standard W-beam guardrails.

Fecenily, the M5 Bridge Rail was developed and successiully cragh tested under the TL- 3 MASH guidelines. This
systom ublized weak steal posts placad in tubular stael sockets that were side-mountad to a concrate bridga deck. The
anergy dissipalion mechanism for this system was designed 25 bending of the weak posts instead of post rotation through
s0il. Since the posts are instalizd in rigid sleeves, MwRSF believes thal the MGS Bridge Rail could be adapled for use in
guardrall applications whare mow strips ara reguired. In this siuation, it would be unnecessary to provide large leava-outs
around the posts of guardrail systems insizlled in un-vielding pavemenis. Thus, The chijective of this research effort is to
adapl the MGS Bridge Kail syslem for use in mow slrips and other pavemants.

Objectives / Tasks
Slate survey of existing moaw stip praclices
. Byslem design and analysis
. Dynamic bogia compaonant testing
. Full scale crash testing (MASH 3-10 and 3-11 fesis)
. Data analysis and evaluation
Written report documenting all design work, simulation, 1esting, and conclusicns

I B B

Progress this Quarter (includes meetings, work plan status, contract statug, significant progress, ete.):
Work an this project has not begun
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Anticipated work next quarter:
It is anticipated that the State survey of current mow strip practices will be conducted in the next quarier

Significant Results;

Mona

Cbjectives § Tasks % Complete
1. State survey of existing mow sirip praclicas i

2. System design and analysis 0%

3. Dynamic bogie compeonent testing 0%

4. Full scale crash testing (MASH 3-10 and 3-11 tests) 0%

9. Data analysis and evaluation 0%

. Written report documenting all design work, simulation, testing, and conclusions 0%

TPF Program Standard Quarterly Reporting Format — 742011



Circumstance affecting project or budget. (Please describe any challenges encountered or anticipated that
might affect the completion of the project within the time, scope and fiscal constraints set forth in the
agregment, along with recommended solutlons to those problems).

Mone

Faotential Implementation:

Adapting the MGS bridge rail to be placed in various pavements will allow dasigners to insfall ihe weak post, MGS systam
in mow strips without reguiring leave-puts, breakaway posts, or oiher additional hardware, It is anticipatad that the new
post foundation design will significantly reduce labor and system cosis associated with installation, repair, and
mainienance of guardrail installed in mow strips and other pavemenis. Insight will also be gained regarding the potartial
performance of other weak poest guardrail systems when installed in mow sifios
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TRANSPORTATION POOLED FUND PROGRAM
QUARTERLY PROGRESS REPORT

Lead Agency (FHWA or State DOT):

INSTRUCTIONS:

Mebraska Depariment of Roads

Praject Managers andfor research projact investigators should complele a quanterly progress reporf for each calendar
quarter during which the projects are aclive. Flease provide a project schadule status of the research activities fied (o
#ach task that i defined in the propozal; A percentage completion of each task; @ concige discussion {2 or 3 sonfonces) of
the current status, including sccomplishments and problems encounlered, if any. List all fazksz, even if no wark was dane

duning his period.

TPF-5(193) Supplamant 258

Transportation Pooled Fund Program Project # Transportation Pooled Fund Program - Report Period:
fie, SPR-Z/XXX], SPR-I(XXE) or TRF-5{ XXX}

Pacled Fund Projact RPFP-13-4AGT-1

CQuarter 1 (January 1 — March 31)
ClQuarter 2 (April 1 = June 309
ClQuarter 3 {July 1 - Septamber 30)

Wi Cuarter 4 {October 4 — December 317

Project Title:

Dynamic Testing and Evaluation of Curb and Guiter Placed Under Asymmetrical Section of MGS Thrie Beam Transition

Name of Project Manager(s): Phone Number: " E-Mail
Feid, Sicking, Faller, Bislenberg, Lechienberg 40247 25564 rallert@unl.adu
Lead Agency Project ID: Other Project 1D (i.e., contract #): | Project Start Date:
2611211084001 RPFP13-AGT-1 TR2012
Original Project End Date: Current Project End Date: Mumber of Extensions:
GA02015 BLAM2015 i
Project schedule status;
¥l On schedule L On revised schedule O Ahead of schedule Ll Behind schedule
Overall Projact Slatistics:
Total Project Budget Total Cost to Date for Project Percentage of Work
Completed to Date
5154217 S5TTTE 38%
Quiarterly Project Statistics:
Total Project Expenses Total Amount of Funds Total Percentage of
and Percentage This Quarter Expended This Quarter Time Used to Date
27261 (18%) 527,261 8%
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Project Description:

Recently, MwRSF researchers successfully developed and crash testad a simplified, steel-post stifiness transiticn for
adapting the 31-in. tall Midwest Guardrail System (MGS) fo existing, thrie beam approach guardrail transibion systems.
This system ulilized an asymmetrical fransition section, which maintained a top mounting height of 31 in. The system was
successfully crash tested to TL-3 impact safety standards of MASH. However, this simplified stiffness transition system
was rnol evalualed with a lower concrete curk placed below the rail,

Concrete curbs are often installed balow approach guardrail transitions 1o increase hydraube capacity, control water
runoff, and mitigate concerns for soil erosion near bridge ends. As such, many states are intarasted in planing curbs
undernaaih and throughout the length of common appreach guardrail transiions, However, the addition of 8 curb below a
transifion rail element can potentially lead to severe consequences, Specifically, small car vehicles may bacome wedged
between the botlom of the asymmetrical rail and the top of the curb. This snag event could lead fo excessive vehicle
dacelerations, increased risk to occupants, and vehicular instahilities. Light fruck passenger vehicles may climb the curb
and cantact the rail with the vehicle c.g. positioned higher than normal, thus potentially causing excessive vehicular
instabilities, and even rollover, during redirection. Unfortunately, no crash testing has been performed near the wpstream
end of the new simplified stiffness transition o thrie beam approach guardrail transitions where curbs are placed direcily
below the asymmetrical transition elament. Therefore, full-scale vehicle crash testing is deemed nacessary to verify the
salely performance of curb placement below the asymmetric transifion elemant,

Objectives / Tasks

1. Full-zzale crash tesfing (MASH test designation ros. 3-20 and 3-21)

2. Data analysis and evaluation.

3. Report documenting R&D effort, including brainstorming, redessgn, construction, crash testing, conclusions, and
racommendations.

Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):

Following unsuccessful cragh test MWTC-1 with an 1100C small car, MwRSF examined the {est results and made
recommendations to Peoled Fund members on how to proceed with the project via an email dated November 1, 2012,

The first crash lest on the stiffnass transition to a thrie heam approach guardrail system with lower curb involved an
1100C small car impacting at the TL-3 conditions found in MASH. This small car fest was performed to evaluate the
tendancy for the small car 1o become wedged under the asymmetrical W-beam Lo thrie beam transition element with a
d-in. tall concrete curb placed under the entire bamier system. During the best, companents of the small car penstrated
under the W-beam rail, while the wheel overrode and/or elimbed up the curb. These evants led fo heavy upward and
Izteral vehicle Inading on the lower region of the \W-beam rail in advance of the splice betwean the W-baam and
asymmetrical segmaent. The W-beam rail naptured at the splice location, gave way, and allowed the vehicle to snag on a
sliff rail element in combination with several exposed transition pasts. Due to rail epiure, MWRSF was unable o evaluate
the potential for the small car 1o become severely snagged under and on the lower sloped ragion of the asymmetric
sechion with lawear curb.

In recent years, MwRSF succassfully conducted a small car crash test on an identical sfifiness transition but withaut &
curb extending along the bamer and under the stiffness transition region where the asymmetrical elemeant is located. Mo
ather barrier differences were incorporated. Kia Rio small car vehicles were used in both crash tests but with differant
maodel years due to different periods of testing - 2002 ang 2007. Although limited data is available, aur testing personnel
have noliced some changes in vehicle structure near frame rail, angine compartment, and quarter panel.

It is our opinion that the prasence of a curb under the MGS near a stiff (ransition likely changed the load direction and
magniude to the guardrail in advance of the splice location. The presence of a curb may also have provided increased
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Anticipated work next quarter;

To date, twa small car crash tests (test nos. MWTC-1 and MWTC-2) have been performed on the MGS stiffness transition
with lower concrete curb - one with unsatisfactory results and one wilh acceptable results. Since this effort was budgeted
with only ane 1100C test and ona 2270 test, it is necessary to shill conduct a 2270P test in order to demanalrate that
MGS stifiness transifion with lower concrete curb meats the MASH TL-3 impact safety standards.

Al this time, It would be cost-effective to use the remaining project funds te remove the damaaed hardware, repair the
barmar and curb systems, and conduct a 2270P crash test, if approved by Pooled Fund members. If a 2270P lest is
appraved, conducted, and found 1o provide accaptahia resnlts, then the dreamemtalinn and repecting of all threa rrash
tesls would be inifiated by using any remaining projects funds following the 2270P test. However, it may nol be possible
to complete the entire project reporting with existing funds due to running a third test that was not budgeted. Additional
contingency funds would be raguestad in the futurs if the 2270P test is autharized.

Significant Results:

Test no. MWTC-1 (MASH test designation no. 3-20) illustrated thal the placement of a 4-in. tall curb in combination with
the MGS slifiness fransition with asymmetrical transition rail element can significantly degrade bamier performance from
that observed when the curb was not installed. The 1100C full-scale crash test resulted in rail rupture at the upstream end
of the asymmetrical W-beam fo thrie baam transition element, and the vehiche snagged on several fransition posts.

Test no. MWTC-2 (MASH test designation ro. 3-20) demonstrated that the use of 12 # - & in. of nested W-beam rail in
advance of the asymmetrical segment was able to mitigate factors that led to guardrail rupture. In addition, this amall car
re-test showed that the MGS stiffness transition in combination with lower curb met the TL-3 MASH impact safaty
standards when used with 12 & - § in. of nasted W-heam rail,

OhjectivesTasks % Complate
1. Full-scale crash testing (MASH fest designation nos. 3-20 and 3-21). 500%

2. Data analysis and evaluation, 20%

3. Report documenting R&D effort. including brainstarming, redesign, construction, crash testing,

conclusions, and recommendations S5

**A formal request will be forthcoming to utilize remaining project funds 1o conduct the 2270P crash test on the medified
barrier system.
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Circumstance affecting project or budget. [Please describe any challenges encountered or anticipated that
might affect the completion of the project within the time, scope and fiscal constraints set forth in the
agreement, along with recommended solutions to those problems).

At tne present, two 11000 small car crash iests have been performed. Due fo a failura in the first fest, a second small car
crash test was performed on a modified barrier system. The project contained two budgeled crash tests - one 1100C
small car and onea 2270F pickup truck, & third test with a 2270P pckup ruck i still needed {o demonstrate accaptable
safely performance for the MGS stiffness fransition with lower curb. I is timely to conduct this test now while the care
system remains on site and ready for repair. Sufficient project funds remain 1o conduct the physical tast, although it is
uncartain if the entire documentation and reporting can also be completad. It is believed that contingency funds could be

rezllocated in tha future to complete the later affort

Fotential Implemeantation:

The successful crash lesting of the MGS sfiffness transition with asymmetnc transition element and lowar
cancrele curts will allow state department of fransponation persannel to provide continuous hydraokic runoff contral
between approach guardrail fransitions and W-beam approach rails. The use of confinuous concrete curh

will help to mitigate soil erosion near bridge ends as well as its costly maintenance and repair.,
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