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Pooled Fund Projects with Bogie or Full-Scale Crash Testing in Past Quarter 
 
Development of a TL-4, Four-Cable, High-Tension, Barrier System for 4:1 V-Ditch Applications – 
Program Years 12, 14, 18, 19, and 20 
 
In the First Quarter, MwRSF acquired the modified cable-to-post brackets to increase the lateral strength. 
Two different changes were made, including an increase in the material strength and a decrease in 
thread length near the shoulder. For the second modification, the shaft length remained identical; 
however, a short region of the shaft under the shoulder had no threads. Perpendicular dynamic 
component testing was performed on posts embedded in soil. The first test utilized the original bracket 
geometry and material except for a reduction in thread length. For this configuration, only slight 
improvement was observed. The second test used the original bracket geometry except for the higher 
strength steel and a reduction in thread length under the shoulder. For this configuration, improved 
performance and capacity was observed. 
 
In the Second Quarter, the second dynamic component test noted above will be repeated. Additional 
dynamic component testing in the lateral and vertical directions will be performed using a rigid jig to 
determine the cable release capacity in each direction. In addition, the high-tension, four-cable median 
barrier system will be reconstructed in the 4:1 V ditch and subjected to an 1100C small car re-test under 
MASH. The crash test may occur between late April and early May, pending a dry spring to allow for 
barrier construction in the ditch bottom. 
 
Pooled Fund Projects with Pending Bogie or Full-Scale Crash Testing 
 
Phase I and II – Guidelines for Post-Socket Foundations for Four-Cable, High-Tension, Barrier 
Systems – Program Years 19 and 20 
 
Previously, three dynamic component tests were performed on the initial prototype foundation system 
when placed in a weak soil condition (sand). Concrete fracture was observed in the 5-ft long test 
specimen, while only concrete cracking of the shaft was observed in the 3-ft long specimen. Following the 
three tests, design modifications were implemented. A fourth test was performed on the 5-ft long revised 
concrete specimen placed in a weak soil condition. Due to the rupture of the concrete shaft, the design 
criteria were re-evaluated and revised. New designs will be prepared in the Second Quarter. Dynamic 
component testing of new post-socket foundation systems will occur in either the Second or Third 
Quarters.  
 
Testing of End Terminal for Four-Cable, High-Tension Barrier (1100C & 2270P) – Program Years 17 
and 20 
 
Work on this project will commence after crash testing has been completed on the high-tension, four- 
cable barrier system. It is planned to adapt the breakaway cable lever arm technology, developed during 
the low-tension testing, into the high-tension barrier system. Project funding has been made available to 
two program years. 
 



Maximum MGS Guardrail Height – Program Year 20 
 
In the Fourth Quarter of 2009, a literature review was completed with several major findings. First, all 
reviewed systems were those deemed acceptable according to the respective standards to which they 
were tested. However, some tests provided undesirable results in the areas of vehicle underride and 
wheel snag. Test no. FR-3 (flare rate test w/ small car) showed the propensity for wheel snag. In test no. 
FR-5 (flare rate test w/ small car), wheel snag caused the vehicle to rotate about the post on which it 
snagged. However, these flare rate tests were more severe than prior small car tests conducted on 
standard W-beam guardrail systems according to the NCHRP Report No. 350 criteria. The small car tests 
on the flared MGS barriers occurred at effective angles ranging between 29 and 32 degrees, whereas 
small car testing under NCHRP Report No. 350 utilized a 20-degree angle. 
 
For test no. 2214MG-3 under MASH, slight wheel snag occurred that did not abruptly stop the small car 
vehicle but caused it to yaw away from the barrier. The rail also had the potential of sliding up the engine 
hood, but it snagged under the hood and the quarter panel. Although the standard and flared MGS 
systems met the required standards, these issues could be accentuated when the rail height is increased. 
 
LS-DYNA simulations of 1100-kg Neon and 900-kg Geo vehicle impacts into MGS were performed. Initial 
results indicate significant discrepancies between the results obtained from simulation and the most 
similar physical testing. At this point, the primary concern related to the deformation behavior of the 
vehicle models. However, this result is not surprising since these models were known to be of concern 
and significant effort would be required to get them in working order for this application. 
 
In the First Quarter of 2010, the LS-DYNA simulations were continued. Later, the research team selected 
a 34-in. MGS top mounting height for use with the first small car crash test. CAD details were prepared, 
and construction materials were acquired. In the Second Quarter of 2010, the 34-in. tall MGS will be 
constructed and subjected to a TL-3 small car (1100C) crash test according to the MASH guidelines. The 
1100C test is anticipated by the end of May 2010. 
 
Impact Evaluation of Free-Cutting Brass Breakaway Couplings – Program Year 20 
 
Following discussions with FHWA and the Illinois Department of Transportation, it was determined that 
two low-speed, crushable-nose, pendulum tests were required on various luminaire poles in order to 
investigate the impact performance of a new, free-cutting, breakaway, brass coupling. The brass coupling 
is planned for use as replacement to existing, higher-cost couplers. 
 
On November 17, 2009, two low-speed pendulum tests were performed. The first pendulum test (test no. 
BBC-1) was performed on a heavy steel pole with attached brass couplers in order to evaluate vehicle 
deceleration and velocity change characteristics for heavy poles. The 50-ft tall steel pole with twin 12-ft 
mast arms weighed approximately 979 lb. The maximum allowable weight for pendulum testing is 992 lb. 
The second pendulum test (test no. BBC-2) was performed on a weaker, light-weight pole in order to 
evaluate the ability for the brass couplers to break away. A 30-ft tall aluminum pole with a 6-ft mast arm 
was selected for this pendulum test. According to the NCHRP Report No. 350 criteria, the maximum 
allowable change in velocity was exceeded in both pendulum tests. 
 
In the First Quarter of 2010, the Illinois DOT modified the design of the brass couplers and requested that 
MwRSF repeat the pendulum testing on the modified couplers with the existing pole hardware. Since the 
initial compliance testing study only contained funding for two pole tests, MwRSF requested the use of 
existing contingency funds to cover the costs associated with the additional testing as well as to switch 
the study to more of an R&D effort. Pending approval from the Midwest States Pooled Fund Program, 
MwRSF plans to conduct the two pendulum tests in April 2010. 
 
 
 
 
 



Paper Studies 
 
Cost-Effective Measures for Roadside Design on Low-Volume Roads – Program Year 16 
 
The analysis, evaluation, and documentation of treatment options for culverts, trees, bridges, and 
slopes/ditches found along low-volume roadways has been completed. A draft report has been prepared 
and is awaiting internal review. 
 
Submission of Pooled Fund Guardrail Developments to AASHTO TF-13 Hardware Guide 
 
To date, 15 components and 21 systems have been submitted to TF-13 for review and approval. 
Eighteen systems and fifteen components have been approved for the Guide over the last 2 years. The 
three additional systems were reviewed at the fall 2009 AASHTO Task Force 13 meeting in Delaware. 
However, it should be noted that funding for this effort has been depleted as of November 2008, and 
additional funding will be needed to complete the currently planned effort. No additional funding was 
provided in the Year 20 Program. In the First Quarter of 2010, the remaining drawings were edited and 
resubmitted for final review at the upcoming AASHTO Task Force 13 on May 19-20, 2010. 
 
Cost-Effective Upgrading of Existing Guardrail Systems – Program Year 17 
 
In June 2009, an MwRSF field investigation team conducted a field survey of selected barrier installations 
throughout the State of Kansas. As part of this one week investigation, more than 60 specific sites were 
visited, measured, photographed, and documented. A review and compilation of the field survey 
information was completed in the Fourth Quarter of 2009. An analysis of the field data was initiated in the 
Fourth Quarter of 2009 and is planned for completion in the Second Quarter of 2010. In the First Quarter, 
a sensitivity study using RSAP was initiated to decrease the size of the analysis matrix. This analysis is 
planned for completion in the Second Quarter of 2010. 
 
Safety Performance Evaluation of Vertical and Safety Shaped Concrete Barriers – Program Year 
16 
 
An additional 6 years of accident data was collected and tabulated in the Third Quarter of 2009. The 
narrative and diagram for every additional single–vehicle accident was reviewed, and information 
extracted from those documents was compiled into the accident database. This information was then 
merged with additional driver, vehicle, injury, and roadway information that were initially categorized in 
different files, thus forming one large database. Due to the size of the data set, advanced analysis 
techniques were required. During the Fourth Quarter, MwRSF personnel garnered access and capability 
to utilize more advanced statistical software and analysis techniques. Thus, the research effort was re-
started in the First Quarter of 2010. 
 
MGS Implementation – Program Year 18 
 
In 2007, consulting funds were used to assist states with the MGS implementation effort. MwRSF began 
the effort with a review of CAD details from the Illinois and Washington DOTs. 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, will be 
initiated after the simplified, wood-post transition project is completed. The reporting of the simplified, 
steel-post, approach guardrail transition system attached to the MGS is planned for completion in the 
Second Quarter of 2010. The MGS implementation effort will commence in the Second or Third Quarter 
of 2010. 
 
LS-DYNA Modeling Enhancement Funding – Program Year 18 
 
No work was performed on this project during the reporting period. 
 



Projects Funded by Individual State DOTs and Routed Through NDOR and/or 
Pooled Fund Program 
 
Development of a New, TL-4 Precast Concrete Bridge Railing System (Nebraska Department of 
Roads) 
 
For this project, a TL-4, aesthetic, open concrete bridge railing was developed for use on cast-in-place 
decks as well as precast deck panels. Due to many factors, existing project funds were insufficient to 
complete the construction and crash testing phases of this research study. MwRSF-UNL researchers 
have sought funds from alternative sources including the NCHRP IDEA program and the 2009 Midwest 
States Pooled Fund Program. In 2010, MwRSF will seek funding from the FHWA Highways for Life 
Program as well as consider re-submitting the proposal to the Pooled Fund program in April 2010 due to 
its high ranking amongst the unfunded projects. 
 
Universal Breakaway Steel Post for Guardrail (Minnesota DOT) 
 
The final Phase I report, which contained the development and testing of the new breakaway post as well 
as the results from the first unsuccessful 2000P test, was published in the First Quarter of 2010. 
 
A modified bullnose median barrier system was reconstructed in the Fourth Quarter of 2009. The 2000P 
re-test was conducted after the completion of the Fourth Quarter Progress Report and not contained 
therein. On December 21, 2009, the 2000P retest was successfully performed into the thrie beam 
bullnose median barrier according to the NCHRP Report No. 350 guidelines. The 2000P vehicle was 
safely captured within the barrier system. The Phase II report is in progress. 
 
Dynamic Evaluation of New York State’s Pinned Temporary Concrete Barrier (New York DOT) 
 
The final report was completed in the First Quarter of 2010. 
 
Dynamic Evaluation of New York’s State’s Aluminum Pedestrian Signal Pole (New York DOT) 
 
The final report was published in December 2009 after the completion of the Fourth Quarter Progress 
Report. 
 
Dynamic Evaluation of New York State’s Box Beam Guardrail End Terminal (New York DOT) 
 
The final report was completed in the First Quarter of 2010. 
 
Awaiting Reporting 
 
Phase I & II Development of a TL-3 MGS Bridge Rail – Program Years 18 and 19 
 
In the First Quarter of 2010, the draft research and test report was prepared and forwarded to the Pooled 
Fund Member States for review and comment. 
 
Development of a Temporary Concrete Barrier Transition – Program Year 16 
 
Comments on the draft report were received from the member states in the First Quarter. These 
comments will be considered for and/or implemented into the final report in the Second Quarter of 2010. 
 
Standardizing Posts and Hardware for MGS Transition – Program Years 18 and 19 
 
A draft report was prepared for the simplified, steel-post, approach guardrail transition system attached to 
the MGS. The draft report is planned for completion in April 2010. 
 



The BARRIER VII computer simulation effort was begun to evaluate the dynamic performance of the 
barrier system when using wood posts with both the upper and lower post-soil characteristics. A 8-in. x 
10-in. post size is being considered as a replacement for W6x15 steel posts used in approach guardrail 
transitions. A second report will contain the results of the wood-post transition system. This follow-on 
effort will be completed in the Second Quarter of 2010. 
 
Midwest Guardrail System Placed at the Breakpoint of a 2:1 Slope – Bogie Testing Project Using 
Year 14 Contingency Funds 
 
An MGS system utilizing 9-ft long, W6x9 steel posts spaced at 6-ft 3-in. centers was successfully crash 
tested utilizing a 2270P Dodge Quad Cab vehicle. A draft report was sent to the States in the Fourth 
Quarter of 2009. A final report was completed in the First Quarter of 2010. 
 
Previously, several member states noted a desire for a wood-post alternative for the MGS placed on a 2:1 
slope. As such, a dynamic bogie testing program was conducted in order to determine the appropriate 
length of a 6-in. x 8-in. wood post for placement at the slope breakpoint of a 2:1 fill slope. A second draft 
report was initiated in the Fourth Quarter of 2009 which contains the results from the wood-post, 
component testing program as well as some additional steel post tests for comparison purposes. Work 
was continued on the draft report for the bogie testing program in the First Quarter of 2010. 
 
Performance Limits for a 6-in. High, AASHTO Type B Curb Placed in Advance of the MGS – 
Program Year 17 
 
On November 10, 2009, a 2270P crash test (test no. MGSC-6) was performed at the TL-2 impact 
conditions on the MGS placed 6 ft behind a 6-in. tall curb with a 37-in. rail height relative to the roadway. 
During the test, the vehicle was contained and smoothly redirected. The test results were found to meet 
the TL-2 safety performance criteria provided in MASH. Since inadequate project funding remained within 
the current project budget to run the 2270P test, existing contingency funds were requested and obtained 
to complete the data analysis, documentation, and reporting. 
 
In the First Quarter of 2010, the research team began to prepare the draft test report. As noted last 
quarter, the research team will provide recommendations pertaining to the safety performance of the 
1100C vehicle as well as the potential need for small car crash testing on the TL-2 MGS curb system. 
 
Draft Reports - Pooled Fund 
 
Thiele, J.C., Sicking, D.L., Faller, R.K., Bielenberg, R.W., Lechtenberg, K.A., Reid, J.D., and 
Rosenbaugh, S.K., Development of a Low-Cost, Energy-Absorbing Bridge Rail, Draft Report to the 
Midwest States Regional Pooled Fund Program, MwRSF Research Report No. TRP-03-226-10, Project 
Nos. SPR-3(017)-Year 18 and TPF-5(193)-Year 19, Project Codes: RPFP-08-09 and RPFP-09-06, 
Midwest Roadside Safety Facility, University of Nebraska-Lincoln, Lincoln, Nebraska, March 3, 2010. 
 
Final Reports - Pooled Fund 
 
Wiebelhaus, M.J., Lechtenberg, K.A., Faller, R.K., Sicking, D.L., Bielenberg, R.W., Reid, J.D., Rohde, 
J.R., and Dey, Gopi, Development and Evaluation of the Midwest Guardrail System (MGS) Placed 
Adjacent to a 2:1 Fill Slope, Final Report to the Midwest State’s Regional Pooled Fund Program, 
Transportation Research Report No. TRP-03-185-10, Project No.: SPR-3(017), Project Code: RPFP-05-
09 - Year 15, Midwest Roadside Safety Facility, University of Nebraska-Lincoln, Lincoln, Nebraska, 
February 24, 2010. 
 
Draft Reports - Individual State DOT and Routed Through NDOR/Pooled Fund 
 
Not applicable. 
 



Final Reports - Individual State DOT and Routed Through NDOR/Pooled Fund 
 
Lechtenberg, K.A., Faller, R.K., Reid, J.D., and Sicking, D.L., Dynamic Evaluation of a Pinned 
Anchoring System for New York State’s Temporary Concrete Barriers - Phase II, Final Report to the 
New York State Department of Transportation, Transportation Research Report No. TRP-03-224-10, 
Project No.: TPF-5(193), Supplement #11, Midwest Roadside Safety Facility, University of Nebraska-
Lincoln, January 27, 2010. 
 
Stolle, C.J., Zhu, L., Lechtenberg, K.A., Bielenberg, R.W., Faller, R.K., Sicking, D.L., Reid, J.D., and 
Rohde, J.R., Performance Evaluation of Type II and Type IIA Box Beam End Terminals - Volume II: 
Appendices, Final Report to the New York State Department of Transportation, Transportation Research 
Report No. TRP-03-203-10, Project No.: C-06-16 Phase I, C-06-16 Phase II, SPR-3(017) Supplement 
#56, TPF-5(193), Supplement #9, Midwest Roadside Safety Facility, University of Nebraska-Lincoln, 
January 20, 2010. 
 
Stolle, C.J., Zhu, L., Lechtenberg, K.A., Bielenberg, R.W., Faller, R.K., Sicking, D.L., Reid, J.D., and 
Rohde, J.R., Performance Evaluation of Type II and Type IIA Box Beam End Terminals - Volume I: 
Research Results and Discussion, Final Report to the New York State Department of Transportation, 
Transportation Research Report No. TRP-03-203-10, Project No.: C-06-16 Phase I, C-06-16 Phase II, 
SPR-3(017) Supplement #56, TPF-5(193), Supplement #9, Midwest Roadside Safety Facility, University 
of Nebraska-Lincoln, January 20, 2010. 
 
Rosenbaugh, S.K., Faller, R.K., Lechtenberg, K.A., Bielenberg, R.W., Sicking, D.L., and Reid, J.D., 
Dynamic Evaluation of New York State’s Aluminum Pedestrian Pole, Final Report to the New York 
State Department of Transportation, Transportation Research Report No. TRP-03-223-09, Project No.: 
TPF-5(193), Supplement #10, Midwest Roadside Safety Facility, University of Nebraska-Lincoln, 
December 22, 2009. 
 
Arens, S.W., Sicking, D.L., Faller, R.K., Reid, J.D., Bielenberg, R.W., Rohde, J.R., and Lechtenberg, K.A., 
Investigating the Use of a New Universal Breakaway Steel Post, Final Report to the Minnesota 
Department of Transportation, Transportation Research Report No. TRP-03-218-09, Project No.: SPR-
3(017), Supplement #39, Midwest Roadside Safety Facility, University of Nebraska-Lincoln, August 3, 
2010. 



Pooled Fund Consulting Summary 
 
Midwest Roadside Safety Facility 
January 2010 – April 2010 
 
This is a brief summary of the consulting problems presented to the Midwest Roadside Safety 
Facility over the past quarter and the solutions we have proposed. 
 
Problem # 1 – Connection of Guardrail on Departing End of Existing Concrete Structures 
 
State Question: 
 
Tracy visited here yesterday to discuss the new Tollway Standards in Illinois, and to compare 
notes on how we handle various issues.  During our discussion we looked at our “Type 10” 
connection of guardrail to a concrete structure.  This is intended to anchor a rail to the departing 
end of a concrete structure on a one-way facility.  The connection consists of an end shoe for w-
beam rail connected to the structure by four “epoxied” anchor bolts.  The reference to epoxy here 
is probably a misnomer, as other adhesives are used.  Our spec refers to a chemical adhesive 
resin system.  This is referenced at 1027.01 in our Standard Specifications: 
 
SECTION 1027. CHEMICAL ADHESIVE 
 
1027.01 Chemical Adhesive Resin System. The chemical adhesive resin system shall consist of a 
two part, fast-setting resin and filler/hardener. The system shall meet the requirements of the 
Illinois Test Procedure for Chemical Adhesives and be listed on the Department’s approved list 
for Chemical Adhesives. 
 
Regardless of the adhesive, we are concerned about the strength and long term durability of this 
connection.  In some cases it may be feasible to drill through the structure and provide backing 
with washers and nuts.  However there always seem to arise cases that do not allow this, or 
where it is impractical. 
 
We would appreciate your comments on our concerns, and guidance to crashworthy or best 
practices.  We also wonder if this might be a good topic for a research and development effort? 
 
David L. Piper, P.E. 
Acting Safety Implementation Engineer 
Bureau of Safety Engineering 
 
MwRSF Response:  
 
Dave/Tracy: 
 
A W-beam guardrail is often used to shield hazards beyond the end of the bridge. These 
guardrail systems can be attached to the downstream end of a bridge rail or parapet (i.e., 
upstream end of guardrail segment) and are also anchored with a trailing end terminal (i.e., 



downstream end of guardrail segment) when opposing traffic cannot occur. When errant vehicles 
impact these W-beam barriers, vehicle redirection largely comes through post-soil resistance 
during rotation, rail bending, and membrane action. The membrane action imparts tensile forces 
into the rail and transmits these forces to both ends – the upstream end anchorage (four 
bolts/anchors and W-beam end shoe) and the terminal end (anchor cable and post(s)). 
 
The magnitude for the anchor loading on the upstream end is not well defined. In an extreme 
case, the anchor hardware would be designed to develop the ultimate tensile capacity of the rail 
section, which may be nearly 120 kips. On the lower bound, the typical downstream cable anchor 
assembly has a ultimate capacity of approximately 40 kips where the end anchorage is allowed 
some movement in the soil. The connection on the upstream end (i.e., attachment at downstream 
end of parapet) would experience little to no movement and need to withstand a higher dynamic 
load. Although the precision for this design load value in unknown, a reasonable rail design load 
(concrete attachment of trailing end guardrail only) may be 75 kips in tension. This design load 
would result in a shear requirement for each of the four anchors of nearly 19 kips per anchor. 
Additionally, each anchor would need to provide some pullout resistance due to the prying action 
of the end shoe away from the parapet when the guardrail is pushed laterally backward. 
 
In your attached details, you noted that four 7/8-in. diameter anchor bolts are used to attach the 
end shoe to the parapet. At noted, through-bolts would seem to be the preferred choice. Other 
drill-in, mechanical anchors may also be acceptable. However, the details do not denote the 
grade or specification for the anchor bolts. Regardless of whether A307, A325/SAE Grade 5, or 
other bolts are used, the chemical adhesive could be selected to allow for the development for at 
least the shear capacities of the anchor bolts with considering the effect that anchor spacing, edge 
distance, and embedment depth have on reducing capacity. 
 
Previously, MwRSF conducted a Pooled Fund research study which evaluated the capacities for 
various mechanical anchors. The MwRSF report no. is TRP-03-182-07. Currently, MwRSF has a 
limited WsDOT research study to evaluate the use and capacity of chemical anchor adhesives for 
attaching concrete parapets to bridge decks. Until this research study is completed and the results 
known, I would not yet recommend further research for your specific situation. 
 
If you have any questions regarding the enclosed information, please feel free to contact me at 
your earliest convenience. Thanks! 
 
Respectfully, 
 
Ronald K. Faller, Ph.D., P.E. 
Research Assistant Professor 
 
Problem # 2 – Soil Fill Behind TCB 
 
State Question: 
 
Erik Emerson with WisDOT contacted MwRSF and requested information regarding the use of 
soil fill behind temporary concrete barrier to reduce deflection. 



 
MwRSF Response:  
 
Hi Erik, 
 
Attached is the Florida DOT standards for the F-shape barrier. They have a specification in their 
plans for backfill behind the TCB system. We have review this for Florida in the past and gave it 
the seal of approval. 
 
In addition, TTI presented information on this topic at the 2010 TRB meeting. The paper was 
entitiled, “Application of a Precast Concrete Barrier Adjacent to A Steep Roadside Slope”, and 
the author was Nauman M. Sheikh. We can get you a copy if you need it. 
 
Thanks 
 
Bob Bielenberg, MSME, EIT 
Research Associate Engineer 
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Problem # 3 – Minnesota DOT T-1 Railing 
 
State Question: 
 
Ron 
 
For your info I’ve attached a copy of our proposed railing standard that we discussed on the 
phone (with the slotted holes in the base plate).  The areas in green indicate the proposed 
changes. 
 
Thanks 
 
Paul Rowekamp 
Bridge Standards and Research 
Minnesota DOT Bridge Office 
 
MwRSF Response:  
 
Paul: 
 
The crash tested, combination tube bridge rail with concrete parapet and brush curb utilized a ¾-
in. thick post base plate for anchoring the tubular post and rail system. The base plate was 
anchored to the concrete parapet with four 7/8-in. diameter, A193 B7 threaded rods which were 
provided as an equivalent option to the ASTM A325 anchor bolts (or SAE Grade 5 threaded 
rods). One inch diameter holes were used in the anchor plates. 
 
Recently, the MnDOT inquired about replacing the existing 1-in. diameter holes with 2” long by 
1-3/16” slotted openings in the longitudinal rail direction. This modification was desired in order 
to allow for improved constructability and attachment of the upper steel railing system to the 
parapet after the anchor bolts have been installed. 
 
Based on the safety performance observed for the bridge railing using the TL-4 guidelines found 
in NCHRP Report No. 350, it would seem reasonable to modify the holes in the anchor plate to 
use a 2” by 1-3/16” slotted holes. However, it would be recommended that ¼-in. or 5/16-in. thick 
plate washers made from a structural grade material be used with the 7-8-in. diameter, high-
strength anchor rods in combination with the slotted holes. When increasing the hole size, it is 
also recommended that consideration be given to providing the appropriate end/edge distances. 
 
Respectively, 
 
Ron 
 
Ronald K. Faller, Ph.D., P.E. 
Research Assistant Professor 
 
 



Problem # 4 – TL-2 MGS Curb Placement 
 
State Question: 
 
Dear MwRSF, 
  
I would like to know what placement range MwRSF is recommending for MGS behind 6” curb.  
Is it going to be: 
  
0-6 for TL2 
6+ for TL2 
  
Sincerely,  
  
Erik Emerson P.E. 
Standards Development Engineer-Roadside Design 
Wisconsin Department of Transportation 
 
MwRSF Response:  
 
Hi Erik, 
 
We are in the process of documenting the recent test and making recommendations.  But our 
current thinking is that the 37-in. rail height relative to the roadway is valid for TL-2 between 4 
and 12 feet behind the curb. 
 
We have no evidence to make any other statements about TL-2.  For example, there is no point 
where the rail makes the change from 31” to 37” because we do not know the valid range for the 
31” rail height relative to the roadway. 
 
There are currently no plans, or budget, to determine any other valid scenarios for MGS 
placement relative to a curb.  It is believed that any such determination would require additional 
full-scale testing. 
 
John 
 
Professor John D. Reid 
N104  WSEC  (0656) 
Mechanical Engineering - University of Nebraska 
 
Problem # 5 – Conduit in Concrete Barrier 
 
State Question: 
 



What does MwRSF have to say about running conduit in concrete barrier?  We wonder 
especially about this 41” long by 12” tall, by 9” deep junction box.  The stainless steel cover 
appears to be a potential for snagging if hit by a bumper. 
 
One thing we do have going for us is that our permanent concrete barrier is massive, plain 
concrete.  For the 32 inch tall barrier, the width at the top of the wall is 17 inches, and for the 42 
inch wall, 19 inches. 
 
David L. Piper, P.E. 
Acting Safety Implementation Engineer 
Bureau of Safety Engineering 
 
MwRSF Response:  
 
David: 
 
In general, I do not have much concern with placing conduit within a reinforced concrete barrier 
as long as it does not affect rebar placement and result in a much weaker barrier strength for 
vehicle redirection. Usually, the conduit in centered and placed lower in the barrier, thus 
reducing my concern. 
 
Second, I am not a proponent for using non-reinforced concrete barriers. However, if a barrier is 
extremely wide and non-reinforced, the placement of conduit in the lower center region of the 
barrier would not drastically weaken the barrier. 
 
Ron 
 
Ronald K. Faller, Ph.D., P.E. 
Research Assistant Professor 
 
Problem # 6 – Tied-Down TCB with Asphalt Overlay 
 
State Question: 
 
Dear MwRSF, 
 
There is a project that requires  anchoring temporary concrete barrier to a bridge deck with an 
overlay.  I sent the project team the attached drawing from MwRSF.  
 
Could MwRSF respond to the contractor’s questions? 
 

1. When performing the coring, how concerned are we going to be with capturing the slurry 
and the cores? 

2. The detail indicates a 4” nominal diameter schedule 100 pipe can be used versus the 
2.875” x 0.625 x 1.626 Cold Drawn DOM Steel Tube but it does not increase the plate 
washer size, does the plate washer need to be a larger diameter as well. 



3. Is the threaded rod to be centered in the steel tube or off to one side?  The detail appears 
to have the rod centered but if a 4” diameter pipe is used and the rod would have room to 
move around.  In our case the barrier is to be mounted with one edge being directly over 
the saw cut. If the barrier moves as all it could be hanging over the cut edge that we are 
protecting.  Please address. 

 
Thanks, 
 
Erik 
 
MwRSF Response:  
 
Hi Erik,  
 
I have responded to the questions below in red.  
 

1. When performing the coring, how concerned are we going to be with capturing the slurry 
and the cores 

a. I have no comment on this issues as it is not related to the performance of the 
system from a safety standpoint.  

2. The detail indicates a 4” nominal diameter schedule 100 pipe can be used versus the 
2.875” x 0.625 x 1.626 Cold Drawn DOM Steel Tube but it does not increase the plate 
washer size, does the plate washer need to be a larger diameter as well. 

a. The plate washer would be larger for the 4” schedule 100 pipe. We would 
recommend a 7”x7”x3/4” plate washer for the larger pipe. 

3. Is the threaded rod to be centered in the steel tube or off to one side?  The detail appears 
to have the rod centered but if a 4” diameter pipe is used and the rod would have room to 
move around.  In our case the barrier is to be mounted with one edge being directly over 
the saw cut. If the barrier moves as all it could be hanging over the cut edge that we are 
protecting.  Please address. 

a. We intend the rod to be centered in the hole as much as possible. You are correct 
that with the larger pipe size you can expect a shift of the barrier due to the extra 
room. This distance would be a maximum of 2”. Thus, we would recommend that 
you allow for 2” of additional room on the back of the barrier adjacent to the saw 
cut to account for the additional translation. I also want to note that you should 
not be installing this system with the back of the barrier flush with the saw cut. 
The design was developed and tested for use with a minimum of a 1” gap between 
the backside of the barrier and the edge of the concrete. As such, we would 
recommend that you keep the 1” gap for all installations and increase the gap to 
3” when using the larger pipe. 

 
Thanks  
 
Bob Bielenberg, MSME, EIT 
Midwest Roadside Safety Facility 
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Problem # 7 – MGS Long Span CRT Posts 
 
State Question: 
 
Dear MwRSF, 
 
We’re looking at the design for the long span MGS and have a question about the three CRT 
posts on either side of the span.  These are shown as full depth wood posts, and we are 
considering an option to use steel foundation tubes and CRT post inserts, similar to post #2 in 
our attached Highway Standard 631011.  (The tube will be corrected to 6’ for this downstream 
anchor terminal.)  
 
Is the tube and stub post an allowable substitute for the full wood post used in the development 
of the long span MGS? 
 
David L. Piper, P.E. 
Acting Safety Implementation Engineer 
 
MwRSF Response:  
 
Hi Dave, 
 
We would not recommend a stub and tube post setup for the CRT’s used in the long span. The 
CRT’s used in the long span are designed to rotate through the soil to some degree prior to 
fracture. In addition, it is common for the CRT posts to break at the second hole beneath the 
groundline when the post rotates in the soil. This behavior absorbs some of the kinetic energy 
from the vehicle impact and is important to the long span design’s ability to transition from 
unsupported to fully supported guardrail.  
 
The use of foundation tubes would reduce the rotation and energy absorption of the posts and 
prevent fracture of the the lower hole in the post, thus changing the behavior of the system 
significantly. As such we cannot recommend them. 
 
Thanks 
 
Bob Bielenberg, MSME, EIT 
Research Associate Engineer 
 
Problem # 8 – Low Profile TL-2 Bridge Rail End Treatment Guidance 
 
State Question: 
 
Erik Emerson with WisDOT contacted MwRSF and requested information regarding the use of 
the sloped end treatment for the TL-2 low profile bridge rail. 
 
MwRSF Response:  



 
Hi Erik, 
 
From our phone conversation today you asked two questions regarding the low-profile bridge 
rail sloped end treatment. 
 

1. What is the beginning of the LON? 
a. The short answer is that the LON starts at the point where the barrier reaches full 

height. This is where we are confident of redirection. 
2. What grading is required? 

a. There is no short answer here. For urban installations, many of the grading 
guidelines for terminals are not followed rigidly due to space restrictions. In 
addition, there was not enough testing to fully define the grading limits for the 
slope end treatment. However, the sloped end treatment is essentially a gating 
terminal. As such, the grading requirements for non-energy absorbing, gating end 
terminals should apply.  

 
Thanks 
 
Bob Bielenberg, MSME, EIT 
Research Associate Engineer 
 
Problem # 9 – MGS with 1/4-Post Spacing to Shield Hazard and Placement Guidelines 
 
State Question: 
 
Ron, 
 
I have another MGS question for you.  We have a situation where a sign truss foundation is 
located 13" from the back of guardrail posts.  MGS with standard post spacing was installed 
which would deflect into the concrete foundation.  The minimum deflection distance we are 
using for the 1/4-post spacing installation is 14" measured from the back of post to the near edge 
of the hazard.  The designer is proposing to add posts and to stiffen the rail by doubling up on the 
rail element thereby further reducing the deflection. 
  
Do you have any comments/objections to this approach seeing that we only need to reduce the 
deflection by 1"? 
  
Do you have any data on the anticipated deflection distance for this proposed installation? 
  
See attached drawing of the proposed modifications.  Note that the rail is gradually stiffened by 
using 1/2-post spacing and then the 1/4-post spacing.  On the departure end of the 1/4-post 
spacing is 1/2-post spacing needed before getting back to standard spacing? 
  
Your help is greatly appreciated. 
  



Thanks again. 
  
Tracy Borchardt 
AECOM -- IL Tollway GEC 
 
MwRSF Response:  
 
Tracy: 
 
I have attached a pdf copy of our prior TRB journal paper for the Midwest Guardrail System 
(MGS). Within the paper, guardrail placement guidelines are provided for treating hazards. 
These guidelines pertain to the distance between the front face of the rail to the front face of the 
hazard. As noted, the minimum recommended distances are 1.25, 1.12, and 0.90 m (49, 44, and 
35 in.) for the standard, half-, and quarter-post spacing designs, respectively. It should be noted 
that the width of the steel-post MGS is 0.54 m (21.25 in.). Using this information, one would 
need to consider using a clear distance of approximately 0.35 m (13¾  in.) between the back of 
the steel posts and the front face of the vertical hazard when utilizing the quarter-post spacing 
system. 
 
Below, you noted that the available clear distance between the back of the steel posts and the 
front face of the rigid, vertical concrete foundation is 0.33 m (13 in.). Based on the guidelines 
noted above, your noted solution to use the MGS quarter-post spacing design and noted 
placement would result in 20 mm (¾ in.) less clear distance than that recommended in the paper 
(as noted above). However, I do not have significant concerns with using the basic ¼-post 
spacing MGS configuration to shield the noted hazard nor deem it necessary to use nested W-
beam rail to cover the 20 mm (¾ in.) deficit in provided clear distance. 
 
Finally, the use of the ½-post spacing in advance of the ¼-post spacing MGS seems reasonable 
and an appropriate transition in stiffness. In addition, I see no reason to utilize a ½-post spacing 
MGS on the departure end if reverse-direction impacts cannot occur. 
 
If you have any questions regarding the enclosed information, please feel free to contact me at 
your earliest convenience. 
 
Respectfully, 
 
Ron 
 
Ronald K. Faller, Ph.D., P.E. 
Research Assistant Professor 
 
Problem # 10 –MnDOT Combination Bridge Railing - Alternative Anchors 
 
State Question: 
 



Paul Rowekamp (MnDOT) inquired regarding alternative anchorage hardware for the MnDOT 
combination bridge railing. 
 
MwRSF Response:  
 
Paul: 
 
Previously, you had inquired into the allowance for alternative anchorage hardware within the 
bridge railing system noted above. According to the MwRSF test report (No. TRP-03-53-96), 
four anchor rods were used to attach the upper tubular steel rail, tubular steel posts, and welded 
base plate to the top of the reinforced concrete parapet. As noted, these anchor rods were 
modified from ASTM A307 grade material to ASTM A325 grade material. The report also noted 
that ASTM A193 Grade B7 material was used due to the unavailability of A325 hardware for 
testing. Therefore, the final crash-tested system utilized 7/8-in. diameter anchor rods configured 
with ASTM A193 Grade 7 alloy material with the expectation that either A325 or A193 B7 
material could be used in the future. 
 
A comparison of structural properties for 7/8-in. diameter fasteners using A193 B7 and A325 
material is noted below, along with information for ASTM A449 material. 
 

Min. Yield (ksi) Min. Tensile (ksi) Min. longation (%) 
ASTM A193 B7 105    125   16 
ASTM A325  92   120   14 
ASTM A449  92   120   14 
 
As shown above, the structural strength for ASTM A193 B7 material is only slightly greater than 
that provided by ASTM A325 material. As such, it would seem reasonable that steel anchor rods 
or bolts meeting the ASTM A325, A449, or SAE Grade 5 material specifications would also 
adequately retain the rails, posts, and plates to the concrete parapet. 
 
Based on the successful crash testing program, the MnDOT combination bridge railing system 
was found to provide acceptable crash performance according to the NCHRP Report No. 350 
Test Level 4 guidelines. Since higher strength anchors were utilized within the concrete parapet 
for attaching the metal railing, it would not be appropriate to utilize ASTM A307 anchors in lieu 
of the higher strength anchors unless deemed acceptable through the use of full-scale vehicle 
crash testing. 
 
Although the testing program was successful, there was insufficient data collected in order to 
determine or estimate the actual impact loads imparted to the entire bridge railing system. As 
such, it is not possible to determine what peak lateral load was actually distributed to the upper 
metal railing system, including the individual posts, plates, and vertical anchors. Thus, it is 
difficult to now substitute the use of epoxied, high-strength (HS) anchors for the cast-in-place, 
high-strength anchors which were used in combination with an embedded steel anchor plate. 
 
If epoxied, HS anchors are desired, it would seem appropriate to construct a short segment of the 
RC parapet with the alternative vertical anchor systems spaced 6 ft or more apart along the wall. 



With the posts attached to the parapet, dynamic component testing could be performed at each 
post location in order to determine the peak load capacity of the various anchored posts when 
impacted at the upper rail height. If the alternative anchor options are found to provide 
equivalent or greater load capacity through dynamic component testing, then it would seem 
reasonable to allow their use within the bridge railing system. 
 
If you have any further questions regarding the information provided above, please feel free to 
contact me at your earliest convenience. Thanks! 
 
Respectfully, 
 
Ronald K. Faller, Ph.D., P.E. 
Research Assistant Professor 
 
Problem # 10 –Cable End Terminal Anchor Bracket 
 
State Question: 
 
We are drawing up the cable guardrail end treatment from reports TRP-03-155-05 & TRP-03-
192-08 & need a little help with the details. Please review the E-mail below & see standard sheet 
attached. 
For A (below) – will you agree to allow the exterior gussets be brought in, to 3/8” from the 
outside edges?   
This is where we believe the 3/8” weld will work. I assume all gusset plates are welded inside & 
out, or is a weld on the inside only. 
 
B-Shows the weld from the base plate to the release lever plate. Shown on the Front view, I drew 
out in blue, the weld that will work (11/16”), and in green the weld that won’t work (3/16”) 
according to what they specified. The upper 3 3/8” dimension shows the spacing between the 
welds, and the bottom 1 ¼” and the 3” dimensions are for the release lever plate. For B (below) - 
will the welds be allowed for the 1 ¼” across the release lever plate connecting to the base plate? 
 
The bracket plate or cable plate is the only 3/8” plate with the rest being ½”. What is the reason 
for this? Can it be changed to ½” so all plates in this assembly are the same? 
 
Is there a reason for the holes in the triangle release lever plate gussets? 
We found a bolt in these holes of report TRP-03-192-08 Figure A-2 Cable Terminal Detail, sheet 
2 of 12. 
 
Should there be a light weight tie down cable to keep the cable release lever from flying 
somewhere it shouldn’t go? This was used in the testing on the high tension cable. 
 
What is the length of need for the new cable end treatment system? 
 
Phil 
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MwRSF Response: 
 
Hi Phil 
 
I have responded to your questions below in red.  
 
Bob Bielenberg, MSME, EIT 
Research Associate Engineer 
Midwest Roadside Safety Facility 
 
We are drawing up the cable guardrail end treatment from reports TRP-03-155-05 & TRP-03-
192-08 & need a little help with the details. Please review the E-mail below & see standard sheet 
attached. 
For A (below) – will you agree to allow the exterior gussets be brought in, to 3/8” from the 
outside edges?   
This is where we believe the 3/8” weld will work. 
I assume all gusset plates are welded inside & out, or is a weld on the inside only. 
 

- We believe there is no problem with moving the gussets in 1/8” to allow for the 3/8” 
weld. This is an error in our CAD. 

- Gussets are to be welded inside and out as well as the ends (all the way around) 
 
B-Shows the weld from the base plate to the release lever plate. Shown on the Front view, I drew 
out in blue, the weld that will work (11/16”), and in green the weld that won’t work (3/16”) 
according to what they specified. The upper 3 3/8” dimension shows the spacing between the 
welds, and the bottom 1 ¼” and the 3” dimensions are for the release lever plate. For B (below) - 
will the welds be allowed for the 1 ¼” across the release lever plate connecting to the base plate? 
 

- This is another error in our CAD. The weld callout should read “ 1” @ 4 ¼” C-C”. This 
will center the weld correctly on the release lever plate. 

- I have reviewed the original CAD for the bracket welds and you CAD which appears to 
be based on it. The weld labeling is confusing and not entirely consistent with what was 
built. As such, I have drawn a revised detail that should help clear the confusion. Note 
that some of the dimensions have changed as well. I put in the space for the 3/8” welds 
that was lacking as well. 

 
The bracket plate or cable plate is the only 3/8” plate with the rest being ½”. What is the reason 
for this?  
Can it be changed to ½” so all plates in this assembly are the same? 
 

- We have no problem with using ½” plate for the cable plate. It should not adversely 
affect the design. 

 
Is there a reason for the holes in the triangle release lever plate gussets? 
We found a bolt in these holes of report TRP-03-192-08 Figure A-2 Cable Terminal Detail, sheet 
2 of 12. 



 
- The holes in the plate are for a bolt to connect a retention cable for the release lever. The 

rationale behind this is detailed in TRP-03-131-08. 
- The design calls for a 5/8” Grade 5 Hex Bolt. 

 
Should there be a light weight tie down cable to keep the cable release lever from flying 
somewhere it shouldn’t go? This was used in the testing on the high tension cable. 
 

- Yes, there should be a retention cable. It should be ¼” diameter 7x19 aircraft cable. The 
cable should be 36” long and formed into a loop  with 1” cable clips. 

 
What is the length of need for the new cable end treatment system? 
 

- Test no. CT-1 was conducted on a low-tension, three-cable barrier system according to 
test designation no. 3-35 of NCHRP Report No. 350. The test was successfully performed 
as a Length-of-Need (LON) evaluation at the target conditions of 100 kph and 20 deg. 
The test occurred at post no. 3 or approximately 15 ft from the upstream end of the 
barrier system. Based on the results obtained from the 2000P test (test no. CT-1), the 
length of need for the low-tension, three-cable barrier has been determined to be 15 ft. 
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Problem # 11 –MGS Transition Questions 
 
State Question: 
 
Scott King called with several questions regarding the MGS approach transition. 
 
MwRSF Response: 
 
Hi Scott, 
 
I have some answers to your questions per out phone call today regarding the MGS approach 
transition. I have attached CAD details and the various reports. 
 
The file 'MGS_trans.zip' (59.6 MB) is available for download at 
http://dropbox.unl.edu/uploads/20100407/d70be629bc13c370/MGS_trans.zip  
for the next 7 days. 
It will be removed after Wednesday, April  7, 2010. 
 

1. Attachment of various transitions to the MGS transition 
a. When developing the MGS approach transition, MGS tested the approach 

transition with a very stiff, 350 approved transition design. This was done so that 
successful testing would allow the use of any previously approved thrie beam 
transition design with the MGS transition on the upstream portion. 

2. W-beam panel spacing 
a. You had asked if the transition requires any no-standard panel lengths to maintain 

the mid-span splices on the MGS. I don’t believe that is true, but it depends on the 
length of your system. Depending on the length of MGS upstream of the 
transition, you may have an odd length panel.  

3. Required system length 
a. You asked about the length of system needed to terminate the system. Our 

recommendation has been that you can begin termination of the system 25’ 
downstream of the start of the transition. The start of the transition is defined as 
the beginning of the ½ post spacing. Thus, for a standard installation on the 
upstream end of a bridge, we would recommend 25’ upstream of the transition 
plus 37.5 for the terminal (or longer if you use a longer terminal) for a total of 
62.5’. 

4. Downstream anchorage 
a. You had several questions regarding downstream anchorage coming off the 

bridge. Many of these will depend on the type of installation.  
b. First, if you have two way traffic in this area, you will need an end terminal and 

can follow the system length guidelines in no. 3 above.  
c. Second, if you are coming off the bridge and don’t have anything to shield nor do 

you have two-way traffic causing the potential for reverse impacts, I don’t believe 
that you would need guardrail on the downstream end.  

d. If you do have to shield the downstream end but don’t have potential for reverse 
impacts, then there are a few options.  



i. As I mentioned on the phone, no on end terminal end anchorages have 
been tested for reverse direction impacts. As such, if the end anchorage is 
in the clear zone we would consider it a potential issue. In this case, we 
would recommend putting an end terminal that has been tested for reverse 
impacts on the end because it is in the clear zone and may be impacted.  

ii. You could use a non-terminal end anchorage if you flared the anchorage 
out of the clear zone.  

 
If I missed something or something is unclear, please feel free to ask. 
 
Thanks   
 
Bob Bielenberg, MSME, EIT 
Research Associate Engineer 
 
Problem # 12 – Longer Posts for Guardrail Adjacent to Steep Slopes 
 
State Question: 
 
We have information about how to build line posts for MGS when the steep slope begins at the 
back of post.  However, a designer in one of our Districts is dealing with a location where the 
slope continues in a similar manner all the way to a bridge.  Are there any recommendations 
about adding to the length of posts for the transition from MGS to a bridge parapet? 
 
Our particular transition to the parapet, given adequate support behind the posts is given in our 
Standard 630001. 
 
http://www.dot.il.gov/desenv/hwystds/rev211/Web%20PDFs/  
 
David L. Piper, P.E. 
Acting Safety Implementation Engineer 
Bureau of Safety Engineering 
 
MwRSF Response: 
 
David: 
 
At this time, we do not have any available design information for modifying the length of the 
transition posts when located on a steep slope near the bridge end. However, MwRSF does have 
a research project with the Wisconsin DOT to provide recommendations for addressing various 
transition issues. One of the noted issues will be to provide design guidance for situations when 
steep slopes are found behind the posts. It is expected that this effort will be initiated within 2 
months. 
 
Ron 
 



Ronald K. Faller, Ph.D., P.E. 
Research Assistant Professor 
 
Problem # 13 –25’ Long F-shape Temporary Concrete Barriers 
 
State Question: 
 
We have had a request from a Florida precaster to fabricate 25’ long sections of our Index No. 
414 – Type K Temporary Concrete Barrier System  that MWRSF helped develop. 
 
We understand that there may be a concern for pocketing of the impacting vehicle if 12.5’ and 
25’ units were intermixed in the free standing (unbolted) configuration. However would 
MWRSF have any other concerns for all 25’ units in freestanding configuration or intermixed 
lengths in the bolted or staked down configurations. 
 
Your input into our evaluations is always appreciated. 
 
Regards, 
 
Steven Nolan, P.E. 
Structures Design Engineer 
FDOT Structures Design Office  
 
MwRSF Response: 
 
HI Steve, 
 
We do not see any significant issues with extending the Type K barrier to 25’ segments. We do 
have a couple of things to keep in mind. 
 

1. When the sections are extended, the barrier reinforcement should be kept consistent with 
the original barrier. This would include the longitudinal steel, the spacing of the shear 
stirrups, and the reinforcement for the tie-downs. 

2. Using the barriers in the free-standing mode should not be an issue. 
3. Using the barriers with the strap tie-down would not be recommended because the 

spacing of the strap anchors will have doubled. This would reduce the performance of the 
system a great deal. 

4. The bolt-through and asphalt pin tie-downs should work fine with the increased length as 
long as the spacing of the tie-downs is maintained (i.e. the 25’ segment will require 6 tie-
down holes in the toe of each side of the barrier rather than 3) 

5. Use of the 25’ segments with the approach transition would not be recommended without 
further study. The current transition is based on 12.5’ segments with varied anchor 
placement. Longer sections would change the locations of the joints relative to the 
anchors and would likely require further analysis/testing of the upstream end of the 
approach transition. 

 



Let me know if you have any further comments or questions. 
 
Thanks 
 
Bob Bielenberg, MSME, EIT 
Research Associate Engineer 
 
Problem # 14 – Pipe Runners (Safety End Treatment) For Skewed Culverts 
 
State Question: 
 
Ron, 
 
I am looking for guidance on the use of pipe runners at skewed culverts.  The current IL Tollway 
standards show pipe runners perpendicular to the roadway when the pipe is perpendicular to the 
roadway.  Based on a departure angle of 25 degrees, a vehicle leaving the road would hit the pipe 
runners 25 degrees from perpendicular.  For our skewed pipes and headwalls, the pipe runners 
are shown parallel to the pipe.  Therefore for a culvert that is on a 30 degree skew (right hand 
forward) with pipe runners parallel to the pipe, that same vehicle departing at 25 degrees would 
now hit the pipe runners 55 degrees from perpendicular.  This seems like too much of an angle.  I 
was under the impression that the pipe runners should ideally be perpendicular to the path of the 
departing vehicle.  Is there guidance for usage of pipe runners on skewed pipes? 
  
Thanks again for your help. 
  
Tracy Borchardt 
IL Tollway GEC 
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MwRSF Response: 
 
Tracy: 
 
I have discussed your prior emails on the noted subject with my colleagues. Following this 
discussion, I must report that we are unaware of any design guidance for placing the culvert 
grates or pipe runners at angles other than at 90 degrees with respect to the traveled way when 
used with transverse drainage structures. 
 
In recent years, MwRSF successfully performed full-scale crash testing on a culvert safety grate 
system that was used to protect a large culvert opening on a 3:1 fill slope according to the Test 
Level 3 (TL-3) safety performance criteria found in NCHRP Report No. 350. This testing 
involved both small car sedan and full-size pickup truck vehicles leaving the roadway and slope 
break point at 20 and 25 degrees, respectively, and at a target departure speed of 100 kph. For 
this test installation, the center-to-center pipe spacing was 30 in. From this testing, MwRSF 
researchers observed that the test vehicles could safely traverse the culvert grate system at high 
speeds and when the approach path was not orthogonal to the pipe runners. 
 
Under oblique angles with respect to the pipes, the clear opening distance between pipes is 
increased from that found when the vehicle path is perpendicular to the pipes. As the approach 
angle is further increased, there exists a point when the vehicle could no longer traverse the pipes 
but instead would snag within the pipe system or contact the concrete culvert edge. For vehicles 
launched off of a fill slope and subsequently landing on the grate system, there would be 
increased safety risks as the effective clear opening width were increased, such as for higher 
approach angles or under situations where the pipes were skewed away from traffic. 
 
In your email, you noted that there are situations where the culvert system is skewed with respect 
to the roadway, thus causing the pipe runners to be installed in the same skewed orientation on 
the fill slope. As noted above, skewed pipes could increase the potential for vehicles to drop 
between the pipe runners, thus resulting in front end or wheel snag on the pipes or at the culvert 
edges. As mentioned previously, we are not aware of any research nor guidance pertaining to the 
placement of skewed pipe runners. In the absence of testing and/or computer simulation 
modeling, we offer the following opinions and recommendations based on our best engineering 
judgment and available information. 

1. In general, the culvert grate system was designed with the pipe runners to be installed 
perpendicular to the roadway. As such, the grate system or pipes should be installed 
orthogonal to the roadway when placed in combination with skewed culvert systems. 

2. When reverse direction impacts cannot occur, pipes may be skewed when the bottom end 
of the pipes are located upstream from the top end of the pipes. 

3. If it is absolutely necessary to skew the bottom end of the pipe runners downstream from 
the top end of the pipes, then it is our opinion that skew angles ranging between 0 and 10 
degrees can be safely accommodated. In addition, there exists the potential that skew 
angles between 10 and 20 degrees may possibly be accommodated, although the safety 
risks are believed to be greatly increased. 

4. If skewed pipe runners are deemed necessary, it may be possible to utilize a narrower 
pipe spacing in order to decrease the clear opening width, thus reducing the potential for 



vehicle snag and instabilities. However, a reduced pipe spacing may also lead to an 
increased potential for debris to clog the drainage system. 

5. Further research and testing is necessary to accurately determine the safety performance 
of culvert safety grates when installed with skewed pipe runners. 

 
If you have any questions regarding the information contained above, please feel free to contact 
me at your earliest convenience. 
 
Respectfully, 
 
Ron 
 
Ronald K. Faller, Ph.D., P.E. 
Research Assistant Professor 
 
Problem # 15 – TL-5 Concrete Barrier 
 
State Question: 
 
Kevin Riechers (Bureau of Bridges and Structures, Structural Standards Engineer) and I were 
talking about barrier requirements in the AASHTO LRFD Design Specifications at 3.6.5.  The 
required barriers are either 42 inch tall or 54 inch tall meeting TL-5, depending on whether the 
barrier is located more than 10.0 feet from a pier or abutment or 10.0 feet or less. 
 
I brought up some development and testing done at MwRSF for the Pooled Fund.  These reports 
are TRP-03-149-04 (April 30, 2004) for development of TL-5 F-Shape barrier at 42 inch or 51 
inch height; and TRP-03-194-07 (Dec 10, 2007) for the TL-5 vertical wall at 42 inch height. 
 
These designs include footings developed to meet the objectives of the research.   In both cases 
the footings are 24 inch in depth and about the width of the base of the barrier. 
 
It appears that either of the 42 inch tall designs could be adopted here, perhaps with footing 
design adjustments for any frost heave consideration or for our weaker soils. 
 
From the Roadside Design Manual we note that the F-Shape may be extended to a taller 
configuration by “following the slope of the upper face if the barrier is thick enough or 
adequately reinforced at the top, or the extension may be vertical” (6.4.1.7).  However, this 
would not be adopted directly from the 51 inch barrier as provided in the 2004 work, but would 
appear to require some modification to the barrier and footing design. 
 
For the vertical face barrier there is no taller version yet, and the head ejection envelope does not 
allow for providing a taller barrier without apparent thickening and redesign of the overall 
structure.  We speculate that crash testing might be needed for such a taller version. 
 
Based on the AASHTO requirements in the LRFD Specs, the Roadside Design Guide, and the 
MwRSF work, we think the following might be possible: 



 
- Adaptation of the footing for either of the 42 inch tall barriers to meet Illinois 

requirements (weaker soils, freeze thaw considerations). 
- Modification of the 51 inch F-shape to a 54 inch height and with modifications to the 

footing design to accommodate this, plus the Illinois footing conditions. 
 
Do these appear to be realistic goals? 
 
If so, we would like to confer with MwRSF before proceeding into this.  Would you, or someone 
at MwRSF be available to help get us on the right track? 
 
David L. Piper, P.E. 
Acting Safety Implementation Engineer 
Bureau of Safety Engineering 
 
MwRSF Response: 
 
Dave, 
 
MwRSF prepared a similar detail for IaDOT. 
 
See the attached PDF file for a simplified drawing for a 54” tall, F-shape, 
TL-5 barrier.  A few notes: 
 
 

1. The only difference between the interior and ends sections for the barrier is the reduction 
of stirrup spacing from 9” to 6”. 

2. All longitudinal steel should be evenly spaced 
3. 10 of 12 longitudinal steel bars in the interior footing can continue through the end 

section footing as well.  The remaining two bars should be extended at least 2 feet into 
the end footing. 

4. The end section shows the barrier positioned on the front of the footing, but it could be 
placed on the backside of the footing as well. 

5. Other footing dimensions can be created to provide adequate strength, however the steel 
reinforcement may need to be reconfigured. 

 
Hopefully this works.  Let me now if you have any questions. 
 
Scott Rosenbaugh 
Midwest Roadside Safety Facility (MwRSF) University of Nebraska - Lincoln 
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Problem # 16 – Type 10M barrier Design Question 
 
State Question: 
 
Hello Ron: 
 
I have the following questions for your consideration and reply related to recent DOT inquiry on 
design of 
Post and Tube Bridge Rail (see attached typical section). I have also include below an excerpt 
from 2004 
AASHTO LRFD Bridge Specifications Section 13, Table A13.2-1: 
 

 
 
Questions: 
 

1. Transverse design forces (Ft) indicate 54kip for TL3. Is this the same for 2270P 
(MASH)?  

2. In addition and in discussions with other test houses, furthered consideration to increase 
Ft = 78kip 
 for TL4 (vs. 54kip shown above). Is this your same understanding?  
 - If not, what might be specified for Ft in design of TL4 post and tube bridge rail? 

Thanks. 
 
Will Longstreet 
 
MwRSF Response: 
 
Will: 
 
Part 1 - For my quick response, the answer to (1) is no. Historically, I have found the peak lateral 
impact loads for rigid parapets to range between 60 and 75 kips for a TL-3 2000P impact event. 
Please note the range is due to barrier shape and height (i.e., climb up barrier and/or roll 
angle/extend over parapet). 



 
For MASH TL-3 2270 impacts, we have seen the peak lateral impact force on a vertical face 
with some several inches of minor barrier displacement get up into the high 70s. When 
displacement is limited on the same vertical face, the peak MASH TL-3 load was in the low to 
mid 80 kips. 
 
The reason that existing design procedures and a 54-kip load has resulted in acceptable barriers 
is that the procedures are often conservative in nature and do not consider all terms which add to 
the barrier capacity. At any rate, the 54-kip no. should be larger for 350 with improvements in 
design methods. When turning to MASH, the design load should be raised too. 
 
Part 2 – I need much more time to discuss this issue as well as the numbers in the provided table. 
I do not agree with any of the load numbers other than TL-1 and TL-2 for 350 but not MASH. 
 
Time to go! 
 
Ron 
 
Ronald K. Faller, Ph.D., P.E. 
Research Assistant Professor 
 
Problem # 17 – F-Shape Barrier Loop Bar Steel 
 
State Question: 
 
Bob, 
 
Could you give me MwRSF’s opinion on the contractor’s proposed substitution for the smooth 
A706 Gr 60 bar (see below)? 
 
“Do you think that we would be able to use A709 Grade 50W in place of the A706 Grade 60 for 
the loop bars?” 
 
Thanks 
 
Erik 
 
MwRSF Response: 
 
Hi Erik, 
 
This issue has come up in the past. We have given the following recommendation: 
 
The loop bar steel is the A706 spec because we have found that the small bend diameter can 
cause reduced ductility and toughness in some grades of steel which compromises the impact 
strength of the loop. As such, we current specify that the loop steel must have a minimum yield 



strength of 60ksi, a minimum tensile strength of 80 ksi or 1.25 times the yield strength – 
whichever is higher, and a minimum % elongation of 14%. A706 and A709 steel can both meet 
that spec with the correct grade. Others may as well. The bars can be deformed or smooth as long 
as the steel is within spec. Some of our states prefer smooth, so it is on the drawings that way. 
 
Note that A709 Grade 50 steel will not meet the minimum yield strength given above. 
 
Thanks 
 
Bob Bielenberg, MSME, EIT 
Research Associate Engineer 
 
Problem # 18 – MGS with Posts Skipped 
 
State Question: 
 
Ron, 
I think this is related to another question that I had a few weeks ago.  We are putting together 
Tollway guardrail guidelines for designers to use.  I would like to provide some guidance on 
conflicts with posts within a run of guardrail.  We have some drainage structures that are about 
9’ across.  If one of these drainage structures falls at a post, would it be better to just leave one 
post (or 2?) out or shuffle the post spacing and use all of the posts.  Shifting the posts around 
would place posts where there are no pre-drilled holes in the rail.  Is that an issue? 
 
If post(s) are left out does anything else need to be done as long as there is plenty of room for 
deflection?  If one post is left out, what is the anticipated deflection? 
 
We would rather not use any special posts if possible. 
 
  
Thanks again. 
  
Tracy Borchardt 
AECOM -- IL Tollway GEC 
 
MwRSF Response: 
 
Tracy: 
 
The MGS Long-Span system was developed for use to span transverse culverts measuring 24 ft 
wide or less. In this circumstance, three posts would be removed from the system. This system 
also utilizes three CRT posts on each side of the culvert structure. For culverts measuring less 
than 24 ft wide and where one or two posts are omitted, it still would be necessary to utilize the 
CRTs on each side of the unsupported segment of rail. 
 



Although it may be possible for the MGS to work with one post removed and without CRTs 
adjacent to the long span, it should be noted that crash testing has not been performed on this 
MGS system nor to verify that acceptable performance would result. As such and in the absence 
of test data, we recommend that the CRTs be installed in systems where one, two, or three posts 
are removed. 
 
In locations where posts are left out, dynamic barrier deflections and working widths would be 
expected to increase. Test results are available for the case with three posts removed from the 
MGS. However, data is not available for cases with one or two posts removed. BARRIER VII 
computer simulations could be performed to estimate barrier deflections and working widths. A 
small modeling study would be necessary to validate the model for the MGS long-span system 
and then predict barrier performance with fewer posts removed. 
 
Ronald K. Faller, Ph.D., P.E. 
Research Assistant Professor 
 
Problem # 19 – MGS Transition to WYDOT Steel Tube Bridge Rail 
 
State Question: 
 
I am working up the bridge rail transition for the MGS Guardrail System.  In previous 
discussions, I recall that you said we could use a transition that was already approved by FHWA, 
however we would need to incorporate the “transition to the transition”. 
 
As you may recall, John Rohde worked with us to obtain approval from FHWA for adapting the 
Alaska Thrie Beam Transition to connect with WYDOT’s TL-3 and TL-4 twin steel tube bridge 
rails.  I have attached a mirror image of the Alaska design along with details for option “K” of 
the simplified transition recently tested by MwRSF. 
 
I have a few questions to help me understand how to proceed: 
 

1. Do we substitute only the last 12’-6” of the Alaska Design into the last 12’-6” of the 
MwRSF tested option? 

2. For the MwRSF tested transition, the next section upstream of the double nested 12’-6” 
segment is a 6’-3” single thrie beam section.  The post spacing drops to a quarter post 
spacing (18 ¾”) as it approaches the double nested 12’-3” section, so do we need to add 
one additional post into the Alaska design between posts A6 and A7 so there is a 
consistency in the progressive stiffness of the system?  

3. In the car crash test, I noted significant snagging of the vehicle as it impacted in the area 
of the asymmetric w-beam to thrie beam section, although the test was a pass.  Would it 
be prudent to add one additional half post spacing between posts M11 and M12?  This 
would essentially be option “L” I believe.  Although the Pooled Fund voted to test option 
“K” since it would require one less post, I remember you guys were much more confident 
of option “L” passing. 

4. What do we need to do to gain FHWA approval for this transition? 



5. Please let me know your thoughts concerning any other issues you feel relevant to this 
discussion.   

 
Perhaps you will have time to discuss this when we are in Washington next week.  Hope to see 
you there. 
 
Best wishes, 
 
Bill Wilson 
WYDOT 
 
MwRSF Response: 
 
Bill, 
 
I have previously drawn up the attachment of the newer MGS approach transition to an Iowa 
bridge rail transition that is very near the transition you sent to MwRSF with questions.  Please 
see the attached PDF for these drawings. 
 
The top design is of the Iowa transition, very similar to the one you submitted 
The bottom design is the tested MGS approach transition – Design K. 
The middle design is the Iowa transition with the approach (upstream) transition considerations. 
 
Hopefully the middle design answers your questions about how to attach the approach 
(upstream) transition to your existing transition.  If you need anything else, please let me know. 
 
FYI – this adaptation will be included with another 4 transition adaptations in the project report 
to show how to attach the upstream transition to existing systems.  Report coming soon. 
 
Scott Rosenbaugh 
Midwest Roadside Safety Facility (MwRSF) 
 



 
Figure 10. 54” TL-5 Concrete Barrier 



Problem # 20 – ZOI for TL3 Pickup and TL4 SUT 
 
State Question: 
 
Greetings Dr. Faller, 
 
I hope things are off to a good start for you in the new year. 
 
Back in June of 2008 you had some correspondence with Charles Boyd regarding the ZOI for 
TL3 pickups impacting taller barriers. At that time you referenced some tests by TTI impacting a 
42” vertical wall with resulting ZOI values of 1.4 and 1.7 feet. 
 
We are now (finally) taking a look at revising our standards for barrier walls adjacent to bridge 
piers. What we are proposing is to take a 32” tall safety shaped F barrier with a flat back against 
the pier(s) and extending it vertically for some amount to reduce (eliminate?) the intrusion of a 
pickup truck. For comparison, we would also like to consider the TL4 vehicle, but anticipate that 
we will use the pickup for the final design. (For this application, it is understood that a pier 
protection barrier is not required; only a barrier to protect the vehicle occupants.) 
 
Any information or recommendations you can provide to assist us in the redesign of the walls 
will be appreciated. 
 
Andy Keel, PE 
Roadway Design Standards Engineer 
 
MwRSF Response: 
 
Hello Andy! 
 
I went back to look at the old correspondence with Charles and copied it below. Unfortunately, I 
cannot remember which tests, barrier shapes, and heights were reviewed. For this, I must 
apologize. I have also copied some very brief guidance that we provided to the Wisconsin DOT 
for a single slope concrete barrier. It is contained below. 
 
For the Florida situation, are you seeking the ZOI value for a tall 42-in., F-shape concrete barrier 
under TL-3 conditions with either the 2000P or 2270P pickup truck vehicles? 
 
Ron 
 
Ronald K. Faller, Ph.D., P.E. 
Research Assistant Professor 
 
______________________________________________________________________________ 
 
Old correspondence with Erik Emerson, WsDOT! 
 



Eric (WsDOT): 
[10-03-2008] 
Here are my suggestions (TL-3 – single slope): 
SS Barrier Height WW   ZOI 
32"   27   21 
36"   27 (assumed)  ?? (measured from top front corner but unknown) 
42" (≤)   27 (assumed)  ?? (measured from top front corner but unknown) 
42” (>)   24 (barrier width) 0 
51”   24 (barrier width) 0 
56”   24 (barrier width) 0 
 
Vertical Barrier Height 
32”    24    24 (vertical barrier has toe and front corner at same 
position) 
 
I hope this helps! 
 
Ron    
______________________________________________________________________________ 
 
Old correspondence with Charles! 
 
-----Original Message----- 
From: Boyd, Charles [mailto:Charles.Boyd@dot.state.fl.us]  
Sent: Thursday, June 19, 2008 10:23 AM 
To: Ronald K. Faller 
Subject: RE: ZOI's for taller barriers? 
 
Thanks Dr. Faller.  I really appreciate the assistance. 
 
Charles E. Boyd, P.E. 
Assistant State Structures Design Engineer 
Florida Department of Transportation 
Structures Design Office 
605 Suwannee Street MS-33 
Tallahassee, FL 32399-0450 
(850) 414-4275 
 
-----Original Message----- 
From: Ronald K. Faller [mailto:rfaller1@unl.edu] 
Sent: Thursday, June 19, 2008 11:00 AM 
To: Boyd, Charles 
Subject: RE: ZOI's for taller barriers? 
 
Charles: 
 



One of my associates looked up TL-3 pickup truck tests into a 42" tall, 
vertical aesthetic barrier that was tested by TTI. For those tests, the ZOI 
values were 1.4 and 1.7 ft. My recollection was that the ZOI for vertical 
shapes was higher than for safety shapes. As such, the same scaling could be 
used to estimate the ZOI for 42" safety shape barriers. 
 
Ron 
 
Ronald K. Faller, Ph.D., P.E. 
Research Assistant Professor 
 
Midwest Roadside Safety Facility (MwRSF) 
University of Nebraska-Lincoln 
527 Nebraska Hall 
Lincoln, Nebraska  68588-0529 
 
(402) 472-6864 (phone) 
(402) 472-2022 (fax) 
rfaller1@unl.edu 
 
 
-----Original Message----- 
From: Boyd, Charles [mailto:Charles.Boyd@dot.state.fl.us] 
Sent: Wednesday, June 18, 2008 7:59 AM 
To: rfaller@unlserve.unl.edu 
Subject: RE: ZOI's for taller barriers? 
 
Thanks Dr. Faller.  Glad to hear the ZOI's will likely be that small.  This 
will help us with our tight geometrics on this project. 
 
Charles E. Boyd, P.E. 
Assistant State Structures Design Engineer 
Florida Department of Transportation 
Structures Design Office 
605 Suwannee Street MS-33 
Tallahassee, FL 32399-0450 
(850) 414-4275 
 
-----Original Message----- 
From: rfaller@unlserve.unl.edu [mailto:rfaller@unlserve.unl.edu] 
Sent: Wednesday, June 18, 2008 8:55 AM 
To: Boyd, Charles 
Cc: rfaller1@unl.edu; Scott Rosenbaugh 
Subject: Re: ZOI's for taller barriers? 
 
Hello Charles! 



 
I hope all is well for you this spring. I am currently in Jackson, WY 
for the summer TRB AFB20 Committee meeting but will try to answer your 
questions. For the 42" F-shape, I believe that the ZOI value would be 
much reduced within the upper 10" of additional barrier height. 
Without reviewing test films, I may estimate this number to be within 
the single digits as long as the engine hood does not extend over the 
taller barrier. It may be close though. If it extends over the top, we 
may still get 15 to 18" of ZOI. I will be better able to evaluate this 
when I return home. 
 
The estimated ZOI for the 6' barrier would be 0". 
 
Please let me know if you need anything else. 
 
Ron 
 
Scott - can you look up any pickup truck impacts into 42" tall 
barriers to determine how far the engine hood extends over the barrier? 
 
Ron 
 
 
Quoting "Boyd, Charles" <Charles.Boyd@dot.state.fl.us>: 
 
> Hi Dr. Faller, 
> 
> Can you please give me your best estimate of a TL-3 ZOI for: 
> 
> 1)      A 42" F Shape barrier 
> 
> 2)      A 32" F Shape barrier that has a vertical extension on its 
> top that increases its total height to 6'-0". 
> 
> 
> My intuition is that the TL-3 ZOI should decrease somewhat from the 
> 1'-6" value shown on Page 18 of your Guidelines for Attachments to 
> Bridge Rails and Median Barriers report.  We've got a tight spot 
> where we are trying to squeeze something in next to a barrier so I 
> need to ask for your best guess on these ZOI values. 
> 
> Thanks for the assistance, 
> 
> Charles E. Boyd, P.E. 
> Assistant State Structures Design Engineer 
> Florida Department of Transportation 



> Structures Design Office 
> 605 Suwannee Street MS-33 
> Tallahassee, FL 32399-0450 
> (850) 414-4275 
 
Problem # 21 – ZOI for TL3 Pickup and TL4 SUT - Part II 
 
State Question: 
 
Ron, 
 
We really appreciate all of your assistance!  What we currently need is the Zone of Intrusion for 
a 42 and 54 inch F-shape barrier from both a pickup truck and an SU truck. 
 
Todd Powell, PE 
Florida Department of Transportation 
Roadway Design 
 
MwRSF Response: 
 
Todd: 
 
We have reviewed several research reports on the crash testing of rigid concrete parapets with 
various front-face geometries. Unfortunately, we have been unable to find sufficient test data or 
information in existing reports that can definitively guide us in determining the ZOI for 42 and 
54-in. tall F- and NJ-shape parapets under impacts with both TL-3/TL-4 pickup trucks and TL-4 
single-unit trucks. Using prior guidance, engineering judgement, and a limited review of test 
reports, we are approximating the ZOI for pickup trucks to be 0 in. for both 42 and 54 in. 
parapets. For TL-4 single-unit truck impacts, the ZOI is estimated to be 24 and 12 in. for 42 and 
54-in. parapets, respectively. 
 
Please note that this information is very rough due to the unavailability of crash test data 
corresponding to your noted conditions. If you have additional questions or comments, please 
feel free to contact me at your earliest convenience. 
 
Ron 
 
Ronald K. Faller, Ph.D., P.E. 
Research Assistant Professor 
 
Problem # 22 – 54” Concrete Barrier 
 
State Question: 
 
IADOT needs the following: 
 



- 54-in. tall, single-face, reinforced concrete parapet with foundation system for use in 
shielding bridge piers according to AASHTO 3.?.? 

- reinforcement design for the interior and end locations of wall and foundation 
- design based on WsDOT report and other more recent TL-5 barriers with reinforced 

footings/grade beams/slabs 
 
MwRSF Response: 
 
Chris, 
 
See the attached PDF file for a simplified drawing for a 54” tall, F-shape, TL-5 barrier.  A few 
notes: 
 

1. The only difference between the interior and ends sections for the barrier is the reduction 
of stirrup spacing from 9” to 6”. 

2. All longitudinal steel should be evenly spaced 
3. 10 of 12 longitudinal steel bars in the interior footing can continue through the end 

section footing as well.  The remaining two bars should be extended at least 2 feet into 
the end footing. 

4. The end section shows the barrier positioned on the front of the footing, but it could be 
placed on the backside of the footing as well. 

5. Other footing dimensions can be created to provide adequate strength, however the steel 
reinforcement may need to be reconfigured. 

 
Hopefully this works.  Let me now if you have any questions. 
 
Scott Rosenbaugh 
Midwest Roadside Safety Facility (MwRSF) 
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Problem # 23 – Missouri I-70 Situation 
 
State Question: 
 
We have an old bridge on I-70 which, at one point in its life, was rehabed and new safety barrier 
curbs added.  In order to attach the bridge anchor section of guardrail without spanning the 
expansion joint, a stand-alone end post was cast and the rail attached.  

 
 
We believe the post was insufficiently anchored because subsequent hits on the rail have caused 
it to move out significantly.  Obviously, we’re concerned about future pocketing and know we 
have to fix it.  I don’t want to repair this setup because I don’t believe it functions as well as it 
could, and, as these photos show, there isn’t a lot of substrate to attach to. 



 

 

 



Do you have any ideas on how we could properly mount the bridge anchor section in this 
situation?  I was considering one left-out post (nearest the parapet) with a double nested, or 
otherwise stiffened rail to compensate 
 
We have no intention of rebuilding the buttress because it is cost-prohibitive.  We want to tear it 
out and find a hardware solution. 
 
I look forward to you response 
. 
Joe Jones 
 
MwRSF Response: 
 
Joe: 
 
I am attaching a copy of the report that contained the approach guardrail transition system with a 
post missing and a special simulated post. You will need to download the report from the UNL 
dropbox using the directions contained below. 
 
I am also copying Phil TenHulzen on this email since he may be able to provide you with the 
NDOR CAD details for this transition system. 
 
The file 'TTI_NCHRP_350_Testing_404211-F.pdf' (21.0 MB) is available for download at 
http://dropbox.unl.edu/uploads/20091009/8bcd9dbc1ec19ad8/TTI_NCHRP_350_Testing_40421
1-F.pdf  
for the next 7 days. 
It will be removed after Friday, October  9, 2009. 
 
Please let me know if you need anything else. 
 
Ron 
 
Ronald K. Faller, Ph.D., P.E. 
Research Assistant Professor 
 


	1st Q 2010 Pooled Fund_v1.pdf
	Pooled Fund Consulting Summary 04-02-2010


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


