
 

 

 

Midwest Pooled Fund Research Program 

Fiscal Years 2017-2019 (Years 28 and 30)  

Research Project Number TPF-5(193) Supplement #123 

NDOT Sponsoring Agency Code RPFP-18-BULLNOSE 

PHASE I MASH TESTING OF A THRIE BEAM 

BULLNOSE WITH BREAK AWAY STEEL POSTS (TEST 

NOS. MSPBN-1, -2, AND -3) 

 

Submitted by 

 

Robert W. Bielenberg, M.S.M.E., E.I.T. 

Research Engineer 

 

Thomas J. Ammon 

Former Graduate Research Assistant 

 

 

Ronald K. Faller, Ph.D., P.E. 

Research Professor & MwRSF Director 

 

James C. Holloway, M.S.M.E., E.I.T. 

Research Engineer & Assistant Director ï 

Physical Testing Division 

Karla A. Lechtenberg, M.S.M.E., E.I.T. 

Research Engineer 
 

MIDWEST ROADSIDE SAFETY FACILITY  
Nebraska Transportation Center 

University of Nebraska-Lincoln 

Main Office 

Prem S. Paul Research Center at Whittier School 

Room 130, 2200 Vine Street 

Lincoln, Nebraska 68583-0853 

(402) 472-0965 

Outdoor Test Site 

4630 N.W. 36th Street 

Lincoln, Nebraska 68524 

 

Submitted to 
 

MIDWEST POOLED FUND PROGRAM  
Nebraska Department of Transportation 

1500 Nebraska Highway 2 

Lincoln, Nebraska 68502 
 

MwRSF Research Report No. TRP-03-389-20 
 

August 27, 2020  



i 

TECHNICAL REPORT DOCUMENTATION PAGE  

1. Report No. 2. Government Accession No. 3. Recipientôs Catalog No. 

TRP-03-389-20   

4. Title and Subtitle 5. Report Date 

Phase I MASH Testing of a Thrie Beam Bullnose with Breakaway Steel Posts 

(Test Nos. MSPBN-1, -2, and -3) 
August 27, 2020  

6. Performing Organization Code 

 

7. Author(s) 8. Performing Organization Report No. 

Bielenberg, R.W., Faller, R.K., Ammon, T.J., Holloway, J.C., and 

Lechtenberg, K.A. 

TRP-03-389-19 

9. Performing Organization Name and Address 10. Work Unit No. 

Midwest Roadside Safety Facility (MwRSF) 

Nebraska Transportation Center 

University of Nebraska-Lincoln  

Main Office: 

Prem S. Paul Research Center at Whittier School  

Room 130, 2200 Vine Street 

Lincoln, Nebraska 68583-0853 

Outdoor Test Site: 

4630 N.W. 36th Street 

Lincoln, Nebraska 

68524 

11. Contract 
TPF-5(193) Supplement #123 

12. Sponsoring Agnecy Name and Address 13. Type of Report and Period Covered 

Midwest Pooled Fund Program 

Nebraska Department of Transportation 

1500 Nebraska Highway 2 

Lincoln, Nebraska 68502 

Final Report: 2017 ï 2020 

14. Sponsoring Agency Code 

RPFP-18-BULLNOSE 

15. Supplementary Notes 

Prepared in cooperation with U.S. Department of Transportation, Federal Highway Administration. 

16. Abstract 

 The objective of this research study was to evaluate the thrie-beam bullnose system using Universal Breakaway Steel 

Posts (UBSPs) to Manual for Assessing Safety Hardware (MASH 2016) criteria. In Phase I, three full-scale crash tests were 

conducted to evaluate the bullnose design. The crash tests were conducted according to the TL-3 criteria outlined in MASH 

2016. The first test, test no. MSPBN-1, was conducted according to MASH 2016 test designation no. 3-35 with a 2270P 

vehicle at a speed of 62.9 mph (101.3 km/h) and an angle of 25.1 degrees. Test no. MSPBN-1 was conducted to examine the 

non-gating, thrie-beam bullnose crash cushion at critical impact point on the system where the behavior transitioned from 

capture to redirection. The second test, test no. MSPBN-2, was conducted according to MASH 2016 test designation no. 3-34 

with an 1100C vehicle at a speed of 62.1 mph (100.0 km/h) and an angle of 14.7 degrees. Test no. MSPBN-2 was conducted 

to evaluate the impact performance of the bullnose as the device behavior changed from capture to redirection. The third test, 

test no. MSPBN-3, was conducted according to MASH 2016 test designation no. 3-32 with an 1100C vehicle at a speed of 

62.7 mph (101.0 km/h) and an angle of 15.1 degrees. Test no. MPSNB-3 was conducted to evaluate the bullnose behavior 

during oblique impacts on the end or nose of the system.  

 The tests were successful and met the MASH 2016 TL-3 safety requirements. Based on the successful completion 

of the first three critical tests in the MASH 2016 evaluation of the thrie-beam bullnose, it is believed that the remaining MASH 

2016 TL-3 test matrix should be completed to certify the MASH 2016 compliance of the thrie beam bullnose system.   

17. Key Words 18. Distribution  Statement 

Highway Safety, Crash Test, Roadside Appurtenances, Median, 

Compliance Test, MASH, Bullnose, Thrie Beam, UBSP, 

Universal Breakaway Steel Post, BCT, Guardrail Envelope, and 

Crash Cushion 

No restrictions. Document available from: National 

Technical Information Services, Springfield, Virginia 

22161 

19. Security Classification (of 

this report) 

20. Security Classification 

(of this page) 
21. No. of Pages 22. Price 

Unclassified Unclassified 257  



August 27, 2020  

MwRSF Report No. TRP-03-389-20 

ii  

DISCLAIMER STATEMENT  

This material is based upon work supported by the Federal Highway Administration, U.S. 

Department of Transportation and the Midwest Pooled Fund Program under TPF-5(193) 

Supplement #123. The contents of this report reflect the views and opinions of the authors who 

are responsible for the facts and the accuracy of the data presented herein. The contents do not 

necessarily reflect the official views or policies of the University of Nebraska-Lincoln, state 

highway departments participating in the Midwest Pooled Fund Program nor the Federal Highway 

Administration, U.S. Department of Transportation. This report does not constitute a standard, 

specification, or regulation. Trade or manufacturersô names, which may appear in this report, are 

cited only because they are considered essential to the objectives of the report. The United States 

(U.S.) government and the State of Nebraska do not endorse products or manufacturers. 

UNCERTAINTY OF MEASUREMENT STATEMENT  

The Midwest Roadside Safety Facility (MwRSF) has determined the uncertainty of 

measurements for several parameters involved in standard full-scale crash testing and non-standard 

testing of roadside safety features. Information regarding the uncertainty of measurements for 

critical parameters is available upon request by the sponsor and the Federal Highway 

Administration.  

INDEPENDENT APPROVING AUTHORITY  

The Independent Approving Authority (IAA) for the data contained herein was Dr. Jennifer 

Rasmussen.



August 27, 2020  

MwRSF Report No. TRP-03-389-20 

iii  

ACKNO WLEDGEMENTS  

The authors wish to acknowledge several sources that made a contribution to this project: 

the Midwest Pooled Fund Program funded by the California Department of Transportation, Florida 

Department of Transportation, Georgia Department of Transportation, Hawaii Department of 

Transportation, Illinois Department of Transportation, Indiana Department of Transportation, 

Iowa Department of Transportation, Kansas Department of Transportation, Kentucky Department 

of Transportation, Minnesota Department of Transportation, Missouri Department of 

Transportation, Nebraska Department of Transportation, New Jersey Department of 

Transportation, North Carolina Department of Transportation, Ohio Department of Transportation, 

South Carolina Department of Transportation, South Dakota Department of Transportation, Utah 

Department of Transportation, Virginia Department of Transportation, Wisconsin Department of 

Transportation, and Wyoming Department of Transportation for sponsoring this project; and (2) 

MwRSF personnel for constructing the barriers and conducting the crash tests.  

Acknowledgement is also given to the following individuals who made a contribution to 

the completion of this research project. 

Midwest Roadside Safety Facility 

J.D. Reid, Ph.D., Professor 

S.K. Rosenbaugh, M.S.C.E., E.I.T., Research Engineer 

J.D. Rasmussen, Ph.D., P.E., Research Associate Professor 

C.S. Stolle, Ph.D., E.I.T., Research Assistant Professor 

J.S. Steelman, Ph.D., P.E., Associate Professor 

M. Asadollahi Pajouh, Ph.D., P.E., Research Assistant Professor 

A.T. Russell, B.S.B.A., Testing and Maintenance Technician II 

E.W. Krier, B.S., Construction and Testing Technician II  

S.M. Tighe, Construction and Testing Technician I 

D.S. Charroin, Construction and Testing Technician I 

R.M. Novak, Construction and Testing Technician I 

T.C. Donahoo, Construction and Testing Technician I 

J.T. Jones, Construction and Testing Technician I 

J.E. Kohtz, B.S.M.E., CAD Technician 

E.L. Urbank, B.A., Research Communication Specialist 

Z.Z. Jabr, Engineering Technician 

Undergraduate and Graduate Research Assistants 



August 27, 2020  

MwRSF Report No. TRP-03-389-20 

iv 

California Department of Transportation  

Bob Meline, Chief, Roadside Safety Research Branch 

David Whitesel, P.E., Transportation Engineer 

John Jewell, P.E., Senior Transportation Engineer, 

Specialist 

 

Florida Department of Transportation 

Derwood C. Sheppard, Jr., P.E., Design Standards 

Publication Manager, Roadway Design Engineer 

 

Georgia Department of Transportation 

Brent Story, P.E., State Design Policy Engineer 

Frank Flanders IV, P.E., Assistant State Design Policy 

Engineer 

 

Hawaii Department of Transportation 

James Fu, P.E., State Bridge Engineer  

Dean Takiguchi, P.E., Engineer, Bridge Design Section 

Kimberly Okamura, Engineer, Bridge Design Section 

 

Illinois Department of Transportation  

Filiberto Sotelo, Safety Evaluation Engineer 

Martha Brown, P.E., Safety Evaluation Unit Chief 

 

Indiana Department of Transportation 

Katherine Smutzer, P.E., Standards Engineer 

Elizabeth Phillips, P.E., Standards and Policy Manager 

 

Iowa Department of Transportation 

Chris Poole, P.E., Roadside Safety Engineer 

Brian Smith, P.E., Methods Engineer 

Daniel Harness, P.E., Transportation Engineer Specialist 

Stuart Nielsen, P.E., Transportation Engineer 

Administrator, Design 

Elijah Gansen, P.E., Geometrics Engineer 

 

Kansas Department of Transportation 

Ron Seitz, P.E., Director of Design 

Scott King, P.E., Road Design Bureau Chief 

Thomas Rhoads, P.E., Road Design Leader, Bureau of 

Road Design 

Brian Kierath Jr., Engineering Associate III, Bureau of 

Road Design 

 

Kentucky Department of Transportation 

Jason J. Siwula, P.E., Assistant State Highway Engineer 

Kevin Martin, P.E., Transportation Engineer Specialist 

Gary Newton, Engineering Tech III, Design Standards 

 

Minnesota Department of Transportation 

Michael Elle, P.E., Design Standards Engineer 

Michelle Moser, P.E., Assistant Design Standards 

Engineer 

 

Missouri Department of Transportation 

Sarah Kleinschmit, P.E., Policy and Innovations 

Engineer 

 

Nebraska Department of Transportation 

Phil TenHulzen, P.E., Design Standards Engineer 

Jim Knott, P.E., Construction Engineer 

Mike Owen, P.E., State Roadway Design Engineer 

Jodi Gibson, Former Research Coordinator 

Mick Syslo, P.E., Materials and Research Engineer & 

Division Head 

Mark Fischer, P.E., PMP, Research Program 

Manager 

Lieska Halsey, Research Project Manager 

Angela Andersen, Research Coordinator 

David T. Hansen, Internal Research Coordinator 
 

New Jersey Department of Transportation  

Hung Tang, Senior Engineer, Transportation 

Joseph Warren, Assistant Engineer, Transportation  
 

North Carolina Department of Transportation 

Neil Mastin, P.E., Manager, Transportation Program 

Management ï Research and Development 

D. D. ñBuckyò Galloway, P.E., CPM, Field Operations 

Engineer 

Brian Mayhew, P.E., State Traffic Safety Engineer 

Joel Howerton, P.E., Plans and Standards Engineer 
 

Ohio Department of Transportation 

Don Fisher, P.E., Roadway Standards Engineer  
 

South Carolina Department of Transportation 

J. Adam Hixon, P.E., Design Standards Associate 

Mark H. Anthony, P.E., Letting Preparation Engineer 

Henry Cross, P.E., Design Standards Engineer 

Jason Hall, P.E., Engineer 
 

South Dakota Department of Transportation 

David Huft, P.E., Research Engineer 

Bernie Clocksin, P.E., Standards Engineer 
 

Utah Department of Transportation 

Shawn Debenham, Traffic and Safety Specialist 

Glenn Blackwelder, Operations Engineer 
 

Virginia Department of Transportation  

Charles Patterson, P.E., Standards/Special Design 

Section Manager 

Andrew Zickler, P.E., Complex Bridge Design and 

ABC Support Program Manager 
 

Wisconsin Department of Transportation 

Erik Emerson, P.E., Standards Development Engineer 

Rodney Taylor, P.E., Roadway Design Standards Unit 

Supervisor 
 

Wyoming Department of Transportation 

William Wilson, P.E., Architectural and Highway 

Standards Engineer 
 

Federal Highway Administration 

David Mraz, Division Bridge Engineer, Nebraska 

Division Office 



August 27, 2020  

MwRSF Report No. TRP-03-389-20 

v 

TABLE OF CONTENTS  

TECHNICAL REPORT DOCUMENTATION PAGE ................................................................... i 

DISCLAIMER STATEMENT ....................................................................................................... ii  

UNCERTAINTY OF MEASUREMENT STATEMENT .............................................................. ii  

INDEPENDENT APPROVING AUTHORITY............................................................................. ii  

ACKNOWLEDGEMENTS ........................................................................................................... iii  

LIST OF FIGURES ...................................................................................................................... vii  

LIST OF TABLES ....................................................................................................................... xiii  

1 INTRODUCTION ....................................................................................................................... 1 

1.1 Background ................................................................................................................... 1 

1.2 Objective ....................................................................................................................... 2 

1.3 Scope ............................................................................................................................. 2 

2 TEST REQUIREMENTS AND EVALUATION CRITERIA .................................................... 3 

2.1 Test Requirements ........................................................................................................ 3 

2.2 Evaluation Criteria ........................................................................................................ 6 

2.3 Soil Strength Requirements .......................................................................................... 6 

3 DESIGN DETAILS ..................................................................................................................... 8 

4 TEST CONDITIONS................................................................................................................. 44 

4.1 Test Facility ................................................................................................................ 44 

4.2 Vehicle Tow and Guidance System ............................................................................ 44 

4.3 Test Vehicles ............................................................................................................... 44 

4.4 Simulated Occupant .................................................................................................... 58 

4.5 Data Acquisition Systems ........................................................................................... 58 

4.5.1 Accelerometers ............................................................................................ 58 

4.5.2 Rate Transducers .......................................................................................... 58 

4.5.3 Retroreflective Optic Speed Trap ................................................................ 58 

4.5.4 Digital Photography ..................................................................................... 59 

5 FULL-SCALE CRASH TEST NO. MSPBN-1 ......................................................................... 63 

5.1 Static Soil Test ............................................................................................................ 63 

5.2 Weather Conditions .................................................................................................... 63 

5.3 Test Description .......................................................................................................... 63 

5.4 Barrier Damage ........................................................................................................... 71 

5.5 Vehicle Damage .......................................................................................................... 81 

5.6 Occupant Risk ............................................................................................................. 87 

5.7 Discussion ................................................................................................................... 88 

6 FULL-SCALE CRASH TEST NO. MSPBN-2 ......................................................................... 90 



August 27, 2020  

MwRSF Report No. TRP-03-389-20 

vi 

6.1 Static Soil Test ............................................................................................................ 90 

6.2 Weather Conditions .................................................................................................... 90 

6.3 Test Description .......................................................................................................... 90 

6.4 Barrier Damage ........................................................................................................... 97 

6.5 Vehicle Damage ........................................................................................................ 103 

6.6 Occupant Risk ........................................................................................................... 108 

6.7 Discussion ................................................................................................................. 109 

7 FULL-SCALE CRASH TEST NO. MSPBN-3 ....................................................................... 111 

7.1 Static Soil Test .......................................................................................................... 111 

7.2 Weather Conditions .................................................................................................. 111 

7.3 Test Description ........................................................................................................ 111 

7.4 Barrier Damage ......................................................................................................... 119 

7.5 Vehicle Damage ........................................................................................................ 125 

7.6 Occupant Risk ........................................................................................................... 132 

7.7 Discussion ................................................................................................................. 132 

8 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS........................................... 134 

9 REFERENCES ........................................................................................................................ 137 

10 APPENDICES ....................................................................................................................... 139 

Appendix A. Material Specifications ........................................................................... 140 

Appendix B. Vehicle Center of Gravity Determination ............................................... 174 

Appendix C. Static Soil Tests ...................................................................................... 178 

Appendix D. Vehicle Deformation Records ................................................................ 185 

Appendix E. Accelerometer and Rate Transducer Data Plots, Test No. MSPBN-1 .... 206 

Appendix F. Accelerometer and Rate Transducer Data Plots, Test No. MSPBN-2 .... 223 

Appendix G. Accelerometer and Rate Transducer Data Plots, Test No. MSPBN-3 ... 240 

 

 



August 27, 2020  

MwRSF Report No. TRP-03-389-20 

vii  

LIST OF FIGURES 

Figure 1. Bullnose Schematic with Post Nos. ..................................................................................7 

Figure 2. Test Installation Layout, Test Nos. MSPBN-1 .................................................................9 

Figure 3. Test Installation Layout, Test No. MSPBN-2 ................................................................10 

Figure 4. Test Installation Layout, Test No. MSPBN-3 ................................................................11 

Figure 5. Layout for Post Locations, Test Nos. MSPBN-1 through MSPBN-3 ............................12 

Figure 6. Alternate Coordinate System for the Layout of Post Locations, Test Nos. 

MSPBN-1 through MSPBN-3 ...........................................................................................13 

Figure 7. Post Nos. 3 through 8 and 9 through 12 Details, Test Nos. MSPBN-1 through 

MSPBN-3 ...........................................................................................................................14 

Figure 8. Post Nos. 1 and 2 Details, Test Nos. MSPBN-1 through MSPBN-3 .............................15 

Figure 9. End Rail Splice Detail, Test Nos. MSPBN-1 through MSPBN-3 ..................................16 

Figure 10. Nose Section Detail, Test Nos. MSPBN-1 through MSPBN-3....................................17 

Figure 11. Anchor Post Details, Test Nos. MSPBN-1 through MSPBN-3 ...................................18 

Figure 12. UBSP and Component Details, Test Nos. MSPBN-1 through MSPBN-3 ...................19 

Figure 13. Upper and Lower Post Assembly Details, Test Nos. MSPBN-1 through 

MSPBN-3 ...........................................................................................................................20 

Figure 14. UBSP Component Details, Test Nos. MSPBN-1 through MSPBN-3 .........................21 

Figure 15. W6x9 Post and Blockout Details, Test Nos. MSPBN-1 through MSPBN-3 ...............22 

Figure 16. BCT Timber Posts and Foundation Tube Details, Test Nos. MSPBN-1 through 

MSPBN-3 ...........................................................................................................................23 

Figure 17. BCT Anchor Cable Detail, Test Nos. MSPBN-1 through MSPBN-3 ..........................24 

Figure 18. Nose Cable Detail, Test Nos. MSPBN-1 through MSPBN-3 ......................................25 

Figure 19. BCT Anchorage Detail, Test Nos. MSPBN-1 through MSPBN-3 ..............................26 

Figure 20. Rail Section Details Section No. 1, Test Nos. MSPBN-1 through MSPBN-3 .............27 

Figure 21. Rail Section Details Section No. 2, Test Nos. MSPBN-1 through MSPBN-3 .............28 

Figure 22. Rail Section Details Section Nos. 3 and 4, Test Nos. MSPBN-1 through 

MSPBN-3 ...........................................................................................................................29 

Figure 23. Rail Section Details Section No. 5, Test Nos. MSPBN-1 through MSPBN-3 .............30 

Figure 24. System Hardware, Test Nos. MSPBN-1 through MSPBN-3 .......................................31 

Figure 25. System Hardware, Test Nos. MSPBN-1 through MSPBN-3 .......................................32 

Figure 26. Bill of Materials, Test Nos. MSPBN-1 through MSPBN-3 .........................................33 

Figure 27. Bill of Materials, Test Nos. MSPBN-1 through MSPBN-3 .........................................34 

Figure 28. Test Installation Photographs, Test No. MSPBN-1......................................................35 

Figure 29. Test Installation Photographs, Test No. MSPBN-1......................................................36 

Figure 30. Test Installation Photographs, Test No. MSPBN-1......................................................37 

Figure 31. Test Installation Photographs, Test No. MSPBN-2......................................................38 

Figure 32. Test Installation Photographs, Test No. MSPBN-2......................................................39 

Figure 33. Test Installation Photographs, Test No. MSPBN-2......................................................40 

Figure 34. Test Installation Photographs, Test No. MSPBN-3......................................................41 

Figure 35. Test Installation Photographs, Test No. MSPBN-3......................................................42 

Figure 36. Test Installation Photographs, Test No. MSPBN-3......................................................43 

Figure 37. Test Vehicle, Test No. MSPBN-1 ................................................................................46 

Figure 38. Test Vehicle Floor Pan, Test No. MSPBN-1 ...............................................................47 

Figure 39. Vehicle Dimensions, Test No. MSPBN-1 ....................................................................48 

Figure 40. Test Vehicle, Test No. MSPBN-2 ................................................................................49 



August 27, 2020  

MwRSF Report No. TRP-03-389-20 

viii  

Figure 41. Test Vehicle Floor Pan, Test No. MSPBN-2 ...............................................................50 

Figure 42. Vehicle Dimensions, Test No. MSPBN-2 ....................................................................51 

Figure 43. Test Vehicle, Test No. MSPBN-3 ................................................................................52 

Figure 44. Test Vehicle Floor Pan, Test No. MSPBN-3 ...............................................................53 

Figure 45. Vehicle Dimensions, Test No. MSPBN-3 ....................................................................54 

Figure 46. Target Geometry, Test No. MSPBN-1 .........................................................................55 

Figure 47. Target Geometry, Test No. MSPBN-2 .........................................................................56 

Figure 48. Target Geometry, Test No. MSPBN-3 .........................................................................57 

Figure 49. Camera Locations, Speeds, and Lens Settings, Test No. MSPBN-1 ...........................60 

Figure 50. Camera Locations, Speeds, and Lens Settings, Test No. MSPBN-2 ...........................61 

Figure 51. Camera Locations, Speeds, and Lens Settings, Test No. MSPBN-3 ...........................62 

Figure 52. Impact Location, Test No. MSPBN-1 ..........................................................................64 

Figure 53. Sequential Photographs, Test No. MSPBN-1 ...............................................................67 

Figure 54. Additional Sequential Photographs, Test No. MSPBN-1 ............................................68 

Figure 55. Documentary Photographs, Test No. MSPBN-1 ..........................................................69 

Figure 56. Vehicle Final Position and Trajectory Marks, Test No. MSPBN-1 .............................70 

Figure 57. System Damage, Test No. MSPBN-1 ..........................................................................72 

Figure 58. Post Nos. A1 through A5 Damage, Test No. MSPBN-1 ..............................................73 

Figure 59. Post Nos. A6 through A13 Damage, Test No. MSPBN-1 ............................................74 

Figure 60. Post Nos. A1 through A3 Damage, Test No. MSPBN-1 ..............................................75 

Figure 61. Post Nos. A4 and A5 Damage, Test No. MSPBN-1 ....................................................76 

Figure 62. Post Nos. A6 and A7 Damage, Test No. MSPBN-1 ....................................................77 

Figure 63. Post Nos. A8 and A9 Damage, Test No. MSPBN-1 ....................................................78 

Figure 64. Post Nos. A10 and A11 Damage, Test No. MSPBN-1 ................................................79 

Figure 65. Post No. B9 Damage, Test No. MSPBN-1 ...................................................................80 

Figure 66. System Deformation After Impact, Test No. MSPBN-1 ..............................................81 

Figure 67. Vehicle Damage, Test No. MSPBN-1 ..........................................................................82 

Figure 68. Vehicle Damage, Test No. MSPBN-1 ..........................................................................83 

Figure 69. Windshield Damage Test No. MSPBN-1 .....................................................................84 

Figure 70. Interior Floorboard Damage, Test No. MSPBN-1 .......................................................85 

Figure 71. Undercarriage Damage, Test No. MSPBN-1 ...............................................................86 

Figure 72. Summary of Test Results and Sequential Photographs, Test No. MSPBN-1 ..............89 

Figure 73. Impact Location, Test No. MSPBN-2 ..........................................................................91 

Figure 74. Sequential Photographs, Test No. MSPBN-2 ...............................................................93 

Figure 75. Additional Sequential Photographs, Test No. MSPBN-2 ............................................94 

Figure 76. Documentary Photographs, Test No. MSPBN-2 ..........................................................95 

Figure 77. Vehicle Final Position and Trajectory Marks, Test No. MSPBN-2 .............................96 

Figure 78. System Damage, Test No. MSPBN-2 ..........................................................................98 

Figure 79. Post nos. A1 through A5 Damage, Test No. MSPBN-2 ..............................................99 

Figure 80. Blockout Damage, Test No. MSPBN-2 .....................................................................100 

Figure 81. Post Nos. A2 and A3 Damage, Test No. MSPBN-2 ..................................................101 

Figure 82. Post Nos. A4 and A5 Damage, Test No. MSPBN-2 ..................................................102 

Figure 83. System Deformation After Impact, Test No. MSPBN-2 ............................................103 

Figure 84. Vehicle Damage, Test No. MSPBN-2 ........................................................................104 

Figure 85. Vehicle Damage, Test No. MSPBN-2 ........................................................................105 

Figure 86. Floorboard Damage, Test No. MSPBN-2 ..................................................................106 

Figure 87. Undercarriage Damage, Test No. MSPBN-2 .............................................................107 



August 27, 2020  

MwRSF Report No. TRP-03-389-20 

ix 

Figure 88. Summary of Test Results and Sequential Photographs, Test No. MSPBN-2 ............110 

Figure 89. Impact Location, Test No. MSPBN-3 ........................................................................112 

Figure 90. Sequential Photographs, Test No. MSPBN-3 .............................................................115 

Figure 91. Additional Sequential Photographs, Test No. MSPBN-3 ..........................................116 

Figure 92. Documentary Photographs, Test No. MSPBN-3 ........................................................117 

Figure 93. Vehicle Final Position and Trajectory Marks, Test No. MSPBN-3 ...........................118 

Figure 94. System Damage, Test No. MSPBN-3 ........................................................................121 

Figure 95. Post Nos. A1, A2, A3, B1, B2, and B3 Damage, Test No. MSPBN-3 ......................122 

Figure 96. Post Nos. A3, A4, and A5 Damage, Test No. MSPBN-3 ..........................................123 

Figure 97. Post nos. B3, B4, and B5 Damage, Test No. MSPBN-3 ............................................124 

Figure 98. System Deformation After Impact, Test No. MSPBN-3 ............................................125 

Figure 99. Vehicle Damage, Test No. MSPBN-3 ........................................................................127 

Figure 100. Windshield Damage, Test No. MSPBN-3 ................................................................128 

Figure 101. Floorboard Damage, Test No. MSPBN-3 ................................................................129 

Figure 102. Undercarriage Damage, Test No. MSPBN-3 ...........................................................130 

Figure 103. Undercarriage Damage, Test No. MSPBN-3 ...........................................................131 

Figure 104. Summary of Test Results and Sequential Photographs, Test No. MSPBN-3 ..........133 

Figure A-1. Foundation Tube Material Specification, Test Nos. MSPBN-1 through 

MSPBN-3 .........................................................................................................................143 

Figure A-2. Anchor Bearing Plate Material Specification, Test Nos. MSPBN-1 through 

MSPBN-3 .........................................................................................................................144 

Figure A-3. Lower Slip Post Tube Assembly Material Specification, Test Nos. MSPBN-1 

through MSPBN-3 ...........................................................................................................145 

Figure A-4. Lower Slip Post Plate Assembly Material Specification, Test Nos. MSPBN-1 

through MSPBN-3 ...........................................................................................................146 

Figure A-5. Upper Slip Plate Assembly Material Specification, Test Nos. MSPBN-1 

through MSPBN-3 ...........................................................................................................147 

Figure A-6. Upper Slip Post Assembly Material Specification, Test Nos. MSPBN-1 

through MSPBN-3 ...........................................................................................................148 

Figure A-7. Timber Blockout and BCT Timber Post Certificate of Compliance, Test Nos. 

MSPBN-1 through MSPBN-3 .........................................................................................149 

Figure A-8. Thrie Beam Material Specification, Test Nos. MSPBN-1 through MSPBN-3 ........150 

Figure A-9. 7/16-in. (11-mm) Dia. 2¼-in. (57-mm) Long Heavy Hex Bolt Material 

Specification, Test Nos. MSPBN-1 through MSPBN-3 ..................................................151 

Figure A-10. 7/16-in. (11-mm) Dia. Heavy Hex Nut Material Specification, Test Nos. 

MSPBN-1 through MSPBN-3 .........................................................................................152 

Figure A-11. ȩ-in. (16-mm) Dia., 10-in. (254-mm) Long Hex Bolt Material Specification, 

Test Nos. MSPBN-1 through MSPBN-3 .........................................................................153 

Figure A-12. ȩ-in. (16-mm) Dia., 1¼-in. (32-mm) Long Guardrail Bolt Material 

Specification, Test Nos. MSPBN-1 through MSPBN-3 ..................................................154 

Figure A-13. ȩ-in. (16-mm) Dia. Nut, Test Nos. MSPBN-1 through MSPBN-3 .......................155 

Figure A-14. ȩ-in. (16-mm) Dia., 1½-in. (38-mm) Long Hex Bolt Material Specification, 

Test Nos. MSPBN-1 through MSPBN-3 .........................................................................156 

Figure A-15. ȩ-in. (16-mm) Dia. Hex Nut Certificate of Compliance, Test Nos. MSPBN-1 

through MSPBN-3 ...........................................................................................................157 

Figure A-16. ȩ-in. (16-mm) Dia., 18-in. (457-mm) Long Guardrail Bolt Material 

Specification, Test Nos. MSPBN-1 through MSPBN-3 ..................................................158 



August 27, 2020  

MwRSF Report No. TRP-03-389-20 

x 

Figure A-17. Ȫ-in. (22-mm) Dia., 8-in. (203-mm) Long Hex Bolt Material Specification, 

Test Nos. MSPBN-1 through MSPBN-3 .........................................................................159 

Figure A-18. Ȫ-in. (22-mm) Dia. Hex Nut Material Specification, Test Nos. MSPBN-1 

through MSPBN-3 ...........................................................................................................160 

Figure A-19. ȩ-in. (16-mm) Dia., 10-in. (254-mm) Long Guardrail Bolt Material 

Specification, Test Nos. MSPBN-1 through MSPBN-3 ..................................................161 

Figure A-20. 16D Double Head Nail Certificate of Compliance, Test Nos. MSPBN-1 

through MSPBN-3 ...........................................................................................................162 

Figure A-21. 7/16-in. (11-mm) Dia. Plain Round Washer Material Specification, Test Nos. 

MSPBN-1 through MSPBN-3 .........................................................................................163 

Figure A-22. W6-in. x 8.5-in. (W152-mm x12.6-mm), 78-in. (1,981-mm) Long Steel Post 

Material Specification, Test Nos. MSPBN-1 through MSPBN-3 ...................................164 

Figure A-23. BCT Anchor Cable Assembly, Test Nos. MSPBN-1 through MSPBN-3 .............165 

Figure A-24. 2Ȩ-in. (60-mm), 6-in. (152-mm) Long BCT Post Sleeve Material 

Specification, Test Nos. MSPBN-1 through MSPBN-3 ..................................................166 

Figure A-25. ȩ-in. (16-mm) Dia., 14.4-ft (4,389-mm) Long Cable and Swage Button 

Certificate of Compliance, Test Nos. MSPBN-1 through MSPBN-3 .............................167 

Figure A-26. 12ȩ-in. x 513/16-in. x 3/16-in. (321-mm x 148-mm x 5-mm) Nose Cable 

Anchor Plate Material Specification, Test Nos. MSPBN-1 through MSPBN-3 .............168 

Figure A-27. 2¼-in. x ¾-in. (57-mm x 19-mm), 11-gauge, U-Bolt Plate Washer Material 

Specification, Test Nos. MSPBN-1 through MSPBN-3 ..................................................169 

Figure A-28. ¼-in. (6-mm) U-Bolt Certificate of Compliance, Test Nos. MSPBN-1 through 

MSPBN-3 .........................................................................................................................170 

Figure A-29. ¼-in. (6-mm) Hex Nut Material Specification, Test Nos. MSPBN-1 through 

MSPBN-3 .........................................................................................................................171 

Figure A-30. Ground Strut Assembly Material Specification, Test Nos. MSPBN-1 through 

MSPBN-3 .........................................................................................................................172 

Figure A-31. Anchor Bracket Assembly Material Specification, Test Nos. MSPBN-1 

through MSPBN-3 ...........................................................................................................173 

Figure B-1. Vehicle Mass Distribution, Test No. MSPBN-1 ......................................................175 

Figure B-2. Vehicle Mass Distribution, Test No. MSPBN-2 ......................................................176 

Figure B-3. Vehicle Mass Distribution, Test No. MSPBN-3 ......................................................177 

Figure C-1. Soil Strength, Initial Calibration, Test No. MSPBN-1 .............................................179 

Figure C-2. Static Soil Test, Test No. MSPBN-1 ........................................................................180 

Figure C-3. Soil Strength, Initial Calibration, Test No. MSPBN-2 .............................................181 

Figure C-4. Static Soil Test, Test No. MSPBN-2 ........................................................................182 

Figure C-5. Soil Strength, Initial Calibration, Test No. MSPBN-3 .............................................183 

Figure C-6. Static Soil Test, Test No. MSPBN-3 ........................................................................184 

Figure D-1. Floor Pan Deformation Data ï Set 1, Test No. MSPBN-1 ......................................186 

Figure D-2. Floor Pan Deformation Data ï Set 2, Test No. MSPBN-1 ......................................187 

Figure D-3. Occupant Compartment Deformation Data ï Set 1, Test No. MSPBN-1 ................188 

Figure D-4. Occupant Compartment Deformation Data ï Set 2, Test No. MSPBN-1 ................189 

Figure D-5. Exterior Vehicle Crush (NASS) - Front, Test No. MSPBN-1 .................................190 

Figure D-6. Exterior Vehicle Crush (NASS) - Side, Test No. MSPBN-1 ...................................191 

Figure D-7. Floor Pan Deformation Data ï Set 1, Test No. MSPBN-2 ......................................192 

Figure D-8. Floor Pan Deformation Data ï Set 2, Test No. MSPBN-2 ......................................193 

Figure D-9. Occupant Compartment Deformation Data ï Set 1, Test No. MSPBN-2 ................194 



August 27, 2020  

MwRSF Report No. TRP-03-389-20 

xi 

Figure D-10. Occupant Compartment Deformation Data ï Set 2, Test No. MSPBN-2 ..............195 

Figure D-11. Exterior Vehicle Crush (NASS) - Front, Test No. MSPBN-2 ...............................196 

Figure D-12. Exterior Vehicle Crush (NASS) - Side, Test No. MSPBN-2 .................................197 

Figure D-13. Floor Pan Deformation Data ï Set 1, Test No. MSPBN-3 ....................................198 

Figure D-14. Floor Pan Deformation Data ï Set 2, Test No. MSPBN-3 ....................................199 

Figure D-15. Driver Occupant Compartment Deformation Data ï Set 1, Test No. MSPBN-

3........................................................................................................................................200 

Figure D-16. Passenger Occupant Compartment Deformation Data ï Set 1, Test No. 

MSPBN-3 .........................................................................................................................201 

Figure D-17. Driver Occupant Compartment Deformation Data ï Set 2, Test No. MSPBN-

3........................................................................................................................................202 

Figure D-18. Passenger Occupant Compartment Deformation Data ï Set 2, Test No. 

MSPBN-3 .........................................................................................................................203 

Figure D-19. Exterior Vehicle Crush (NASS) - Front, Test No. MSPBN-3 ...............................204 

Figure D-20. Exterior Vehicle Crush (NASS) - Side, Test No. MSPBN-3 .................................205 

Figure E-1. 10-ms Average Longitudinal Deceleration (SLICE-1), Test No. MSPBN-1 ...........207 

Figure E-2. Longitudinal Occupant Impact Velocity (SLICE-1), Test No. MSPBN-1 ...............208 

Figure E-3. Longitudinal Occupant Displacement (SLICE-1), Test No. MSPBN-1 ...................209 

Figure E-4. 10-ms Average Lateral Deceleration (SLICE-1), Test No. MSPBN-1 ....................210 

Figure E-5. Lateral Occupant Impact Velocity (SLICE-1), Test No. MSPBN-1 ........................211 

Figure E-6. Lateral Occupant Displacement (SLICE-1), Test No. MSPBN-1 ............................212 

Figure E-7. Vehicle Yaw, Pitch and Roll Angular Displacements (SLICE-1), Test No. 

MSPBN-1 .........................................................................................................................213 

Figure E-8. Acceleration Severity Index (SLICE-1), Test No. MSPBN-1 ..................................214 

Figure E-9. 10-ms Average Longitudinal Deceleration (SLICE-2), Test No. MSPBN-1 ...........215 

Figure E-10. Longitudinal Occupant Impact Velocity (SLICE-2), Test No. MSPBN-1 .............216 

Figure E-11. Longitudinal Occupant Displacement (SLICE-2), Test No. MSPBN-1 .................217 

Figure E-12. 10-ms Average Lateral Deceleration (SLICE-2), Test No. MSPBN-1 ..................218 

Figure E-13. Lateral Occupant Impact Velocity (SLICE-2), Test No. MSPBN-1 ......................219 

Figure E-14. Lateral Occupant Displacement (SLICE-2), Test No. MSPBN-1 ..........................220 

Figure E-15. Vehicle Yaw, Pitch, and Roll Angular Displacements (SLICE-2), Test No. 

MSPBN-1 .........................................................................................................................221 

Figure E-16. Acceleration Severity Index (SLICE-2), Test No. MSPBN-1 ................................222 

Figure F-1. 10-ms Average Longitudinal Deceleration (SLICE-2), Test No. MSPBN-2 ...........224 

Figure F-2. Longitudinal Occupant Impact Velocity (SLICE-2), Test No. MSPBN-2 ...............225 

Figure F-3. Longitudinal Occupant Displacement (SLICE-2), Test No. MSPBN-2 ...................226 

Figure F-4. 10-ms Average Lateral Deceleration (SLICE-2), Test No. MSPBN-2 ....................227 

Figure F-5. Lateral Occupant Impact Velocity (SLICE-2), Test No. MSPBN-2 ........................228 

Figure F-6. Lateral Occupant Displacement (SLICE-2), Test No. MSPBN-2 ............................229 

Figure F-7. Vehicle Yaw, Pitch, and Roll Angular Displacements (SLICE-2), Test No. 

MSPBN-2 .........................................................................................................................230 

Figure F-8. Acceleration Severity Index (SLICE-2), Test No. MSPBN-2 ..................................231 

Figure F-9. 10-ms Average Longitudinal Deceleration (SLICE-1), Test No. MSPBN-2 ...........232 

Figure F-10. Longitudinal Occupant Impact Velocity (SLICE-1), Test No. MSPBN-2 .............233 

Figure F-11. Longitudinal Occupant Displacement (SLICE-1), Test No. MSPBN-2 .................234 

Figure F-12. 10-ms Average Lateral Deceleration (SLICE-1), Test No. MSPBN-2 ..................235 

Figure F-13. Lateral Occupant Impact Velocity (SLICE-1), Test No. MSPBN-2 ......................236 



August 27, 2020  

MwRSF Report No. TRP-03-389-20 

xii  

Figure F-14. Lateral Occupant Displacement (SLICE-1), Test No. MSPBN-2 ..........................237 

Figure F-15. Vehicle Yaw, Pitch and Roll Angular Displacements (SLICE-1), Test No. 

MSPBN-2 .........................................................................................................................238 

Figure F-16. Acceleration Severity Index (SLICE-1), Test No. MSPBN-2 ................................239 

Figure G-1. 10-ms Average Longitudinal Deceleration (SLICE-2), Test No. MSPBN-3 ..........241 

Figure G-2. Longitudinal Occupant Impact Velocity (SLICE-2), Test No. MSPBN-3 ..............242 

Figure G-3. Longitudinal Occupant Displacement (SLICE-2), Test No. MSPBN-3 ..................243 

Figure G-4. 10-ms Average Lateral Deceleration (SLICE-2), Test No. MSPBN-3 ....................244 

Figure G-5. Lateral Occupant Impact Velocity (SLICE-2), Test No. MSPBN-3 ........................245 

Figure G-6. Lateral Occupant Displacement (SLICE-2), Test No. MSPBN-3 ...........................246 

Figure G-7. Vehicle Yaw, Pitch, and Roll Angular Displacements (SLICE-2), Test No. 

MSPBN-3 .........................................................................................................................247 

Figure G-8. Acceleration Severity Index (SLICE-2), Test No. MSPBN-3 .................................248 

Figure G-9. 10-ms Average Longitudinal Deceleration (SLICE-1), Test No. MSPBN-3 ..........249 

Figure G-10. Longitudinal Occupant Impact Velocity (SLICE-1), Test No. MSPBN-3 ............250 

Figure G-11. Longitudinal Occupant Displacement (SLICE-1), Test No. MSPBN-3 ................251 

Figure G-12. 10-ms Average Lateral Deceleration (SLICE-1), Test No. MSPBN-3 ..................252 

Figure G-13. Lateral Occupant Impact Velocity (SLICE-1), Test No. MSPBN-3 ......................253 

Figure G-14. Lateral Occupant Displacement (SLICE-1), Test No. MSPBN-3 .........................254 

Figure G-15. Vehicle Yaw, Pitch, and Roll Angular Displacements (SLICE-1), Test No. 

MSPBN-3 .........................................................................................................................255 

Figure G-16. Acceleration Severity Index (SLICE-1), Test No. MSPBN-3 ...............................256 

 



August 27, 2020  

MwRSF Report No. TRP-03-389-20 

xiii  

LIST OF TABLES  

Table 1. MASH 2016 TL-3 Crash Test Conditions for Bullnose Guardrails ..................................3 

Table 2. MASH 2016 Evaluation Criteria for Thrie-Beam Bullnose Guardrails ............................4 

Table 3. Weather Conditions, Test No. MSPBN-1 ........................................................................63 

Table 4. Sequential Description of Impact Events, Test No. MSPBN-1 .......................................65 

Table 5. Sequential Description of Impact Events, Test No. MSPBN-1, Cont. ............................66 

Table 6. Maximum Occupant Compartment Intrusion by Location, Test No. MSPBN-1 ............87 

Table 7. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. MSPBN-1 ................88 

Table 8. Weather Conditions, Test No. MSPBN-2 ........................................................................90 

Table 9. Sequential Description of Impact Events, Test No. MSPBN-2 .......................................92 

Table 10. Maximum Occupant Compartment Intrusions by Location, Test No. MSPBN-2 .......108 

Table 11. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. MSPBN-2 ............109 

Table 12. Weather Conditions, Test No. MSPBN-3 ....................................................................111 

Table 13. Sequential Description of Impact Events, Test No. MSPBN-3 ...................................113 

Table 14. Sequential Description of Impact Events, Test No. MSPBN-3, Cont. ........................114 

Table 15. Maximum Occupant Compartment Intrusions by Location, Test No. MSPBN-3 .......125 

Table 16. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. MSPBN-3 ............132 

Table 17. Summary of Safety Performance Evaluation ...............................................................135 

Table 18. MASH TL-3 Test Matrix for the Thrie-Beam, Bullnose System ................................136 

Table A-1. Bill of Materials, Test Nos. MSPBN-1 through MSPBN-3 ......................................141 

Table A-2. Bill of Materials, Test Nos. MSPBN-1 through MSPBN-3, Cont. ...........................142 

 

 



August 27, 2020  

MwRSF Report No. TRP-03-389-20 

1 

1 INTRODUCTION  

1.1 Background 

In 2009, the American Association of State Highway and Transportation Officials 

(AASHTO) implemented an updated standard for the evaluation of roadside hardware. The new 

standard, entitled the Manual for Assessing Safety Hardware (MASH 2009) [1], improved the 

criteria for evaluating roadside hardware beyond the previous National Cooperative Highway 

Research Program (NCHRP) Report No. 350 standard [2] through updates to test vehicles, test 

matrices, and impact conditions. In an effort to encourage state departments of transportation and 

hardware developers to advance hardware designs, the Federal Highway Administration (FHWA) 

and AASHTO collaborated to develop a MASH implementation policy that included sunset dates 

for various roadside hardware categories. Further, the MASH 2009 safety criteria were updated in 

2016, thus resulting in the MASH 2016 document [3]. The new policy requires that devices 

installed on federal aid roadways after the sunset dates to have been evaluated to MASH 2016.  

Midwest Pooled Fund Program members currently use several roadside hardware systems 

that were originally developed and evaluated under NCHRP Report No. 350 criteria. One of those 

systems is a non-proprietary, thrie-beam, bullnose, median barrier system that was successfully 

developed and crash tested for use in shielding median hazards within divided highways and 

roadways. Many state DOTs desire to continue to have the thrie-beam bullnose available for use 

following the MASH implementation dates. Thus, a need exists to evaluate the thrie-beam bullnose 

system to the MASH 2016 criteria. 

From 1997 through 2000, the Midwest Roadside Safety Facility (MwRSF) developed a 

thrie-beam bullnose guardrail system for shielding median hazards found between divided 

highways [2, 4-6]. The new, non-proprietary bullnose guardrail system was successfully full-scale 

crash tested and evaluated according to the Test Level 3 (TL-3) safety performance evaluation 

criteria provided in NCHRP Report No. 350. 

Controlled Release Terminal (CRT) wood posts were used in the original thrie-beam 

bullnose guardrail system. Although the CRT posts adequately met the TL-3 safety requirements, 

these wood posts have several drawbacks. First, the properties and performance of wood posts are 

highly variable due to knots, checks, and splits, thus requiring grading and inspection of posts. 

Second, two holes are drilled into the CRT posts that allow them to break away upon impact. These 

holes expose the interior of the wood to the environment, which can accelerate deterioration. 

Further, chemical preservatives used to treat the wood posts have been identified as harmful to the 

environment by some government agencies. Thus, the treated wood posts may require special 

consideration during disposal. Due to these concerns, a need existed for a breakaway steel post 

option for use in the thrie-beam bullnose guardrail system. 

A Universal Breakaway Steel Post (UBSP) was developed to replace the CRT posts in the 

existing thrie-beam bullnose median barrier system [7-9]. The UBSP was based on a fracturing-

bolt concept and was designed to match the cantilevered bending capacities of existing wood CRT 

posts about their strong and weak axes, as well as for a biaxial loading condition. The embedded 

portion of the UBSP had a similar cross section and slightly lower embedment as compared to the 

CRT post which provided comparable rotational resistance in the soil. The mass, general geometry, 

and the breakaway characteristics of the upper UBSP section were also similar to the CRT wood 
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post. The lower portion of the UBSP consisted of a foundation tube with the lower base plate. The 

upper portion of the UBSP consisted of a post with the upper base plate. The bullnose system 

utilized Breakaway Cable Terminal (BCT) posts for the first two posts as well as for the last two 

anchorage posts on each side of the barrier. Post nos. 3 through 8 were UBSPs, and the remaining 

posts were standard thrie-beam guardrail steel posts. The system was subjected to test designation 

nos. 3-30, 3-31, and 3-38 of NCHRP Report No. 350 to determine if it met the TL-3 safety 

performance criteria and to ensure the UBSP design was providing similar performance to the 

original CRT posts. In all three full-scale crash tests, the vehicle was safely contained and 

decelerated, and the barrier did not cause vehicle instability.  

After surveying the member states in the Midwest Pooled Fund Program, it was decided 

that the MASH 2016 evaluation of the thrie-beam bullnose system would focus on evaluation of 

the system with the UBSPs. If the evaluation of this post type was successful, there may be 

potential to evaluate the CRT post design using a smaller subset of critical tests in a subsequent 

research effort. 

1.2 Objective 

The research objective of the following report was to conduct full scale crash testing on 

the thrie-beam bullnose median barrier system according to the TL-3 of the MASH 2016 impact 

safety standards [3]. Due to the extensive number of full scale crash tests that are required to 

evaluate a thrie-beam bullnose system, MwRSF and the Midwest Pooled Fund Program members 

decided to phase the crash testing in order to efficiently determine if the thrie-beam bullnose 

system could meet the TL-3 criteria. Phase I, which is described herein, evaluated the bullnose 

design with three critical crash tests.  

1.3 Scope  

Three full-scale crash tests were conducted on the thrie-beam bullnose system. Test no. 

MSPBN-1 was conducted according to MASH 2016 test designation no. 3-35. Test designation 

no. 3-35 required a pickup truck weighing approximately 5,000 lb (2,268 kg) with target impact 

conditions of a speed of 62 mph (100 km/h) and an angle of 25 degrees. This test was completed 

to evaluate the non-gating, thrie-beam bullnose crash cushion at the critical impact point on the 

system where the behavior transitioned from capture to redirection. Test no. MSPBN-2 was 

conducted according to MASH 2016 test designation no. 3-34. Test designation no. 3-34 requires 

a small car weighing approximately 2,425 lb (1,100 kg) with target impact conditions of a speed 

of 62 mph (100 km/h) and an angle of 15 degrees. This test was completed to evaluate the impact 

performance criteria of the thrie-beam bullnose at the critical impact point on the system where 

the behavior transitioned from capture to redirection. Test no. MPSBN-3 was conducted according 

to MASH 2016 test designation no. 3-32. Test designation no. 3-32 required a small car weighing 

approximately 2,425 lb (1,100 kg) with target impact conditions of a speed of 62 mph (100 km/h) 

and an angle of 15 degrees. This test was conducted to evaluate the safety performance of the thrie-

beam bullnose system when impacted at an angle by a small car vehicle on the nose or end of the 

system.  
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2 TEST REQUIREMENTS AND EVALUATION CRITERIA  

2.1 Test Requirements 

The thrie-beam bullnose system is classified as a non-gating, redirective crash cushion for 

the purposes of evaluation and must satisfy impact safety standards. For new hardware, these 

safety standards consist of the guidelines and procedures published in MASH 2016 [3], and as 

many as nine full -scale crash tests are potentially required to evaluate this type of hardware, as 

shown in Table 1. Note that there is no difference between MASH 2009 [1] and MASH 2016 with 

respect to non-gating redirective crash cushions, except that additional occupant compartment 

deformation measurements and photographic documentation are required by MASH 2016. 

Table 1. MASH 2016 TL-3 Crash Test Conditions for Bullnose Guardrails 

Test 

Article 

Test 

Designation 

No. 

Test 

Vehicle 

Vehicle 

Weight, 

lb 

(kg) 

Impact Conditions 

Evaluation 

Criteria 1 
Speed, 

mph 

(km/h) 

Angle, 

deg. 

Terminals and 

Redirective 

Crash 

Cushions 

3-30 1100C 
2,420 

(1,100) 

62 

(100) 
0 

A,D,F,H,I 

(non-gating) 

3-31 2270P 
5,000 

(2,270) 

62 

(100) 
0 

A,D,F,H,I 

(non-gating) 

3-32 1100C 
2,425 

(1,100) 

62 

(100) 
5-15 

A,D,F,H,I 

(non-gating) 

3-33 2270P 
5,000 

(2,270) 

62 

(100) 
5-15 

A,D,F,H,I 

(non-gating) 

3-34 1100C 
2,425 

(1,100) 

62 

(100) 
15 

A,D,F,H,I 

(non-gating) 

3-35 2270P 
5,000 

(2,270) 

62 

(100) 
25 A,D,F,H,I 

3-36 2270P 
5,000 

(2,270) 

62 

(100) 
25 

A,D,F,H,I 

(non-gating) 

3-37a 2270P 
5,000 

(2270) 

62 

(100) 
25 

A,D,F,H,I 

(non-gating) 

3-37b 1100C 
2,425 

(1,100) 

62  

(100) 
25 

A,D,F,H,I 

(non-gating) 

3-38 1500A 
3,300 

(1,500) 

62 

(100) 
0 

A,D,F,H,I 

(non-gating) 
1 Evaluation criteria explained in Table 2 [3] 



August 27, 2020  
MwRSF Report No. TRP-03-389-20 

 

4 

Table 2. MASH 2016 Evaluation Criteria for Thrie-Beam Bullnose Guardrails 

Structural 

Adequacy 

A. Test article should contain and redirect the vehicle or bring the vehicle 

to a controlled stop; the vehicle should not penetrate, underride, or 

override the installation although controlled lateral deflection of the 

test article is acceptable. 

Occupant 

Risk 

D. Detached elements, fragments or other debris from the test article 

should not penetrate or show potential for penetrating the occupant 

compartment, or present an undue hazard to other traffic, pedestrians, 

or personnel in a work zone. Deformations of, or intrusions into, the 

occupant compartment should not exceed limits set forth in Section 

5.2.2 and Appendix E of MASH 2016. 

F. The vehicle should remain upright during and after collision. The 

maximum roll and pitch angles are not to exceed 75 degrees. 

H. Occupant Impact Velocity (OIV) (see Appendix A, Section A5.2.2 of 

MASH 2016 for calculation procedure) should satisfy the following 

limits: 

 Occupant Impact Velocity Limits 

Component Preferred Maximum 

Longitudinal and Lateral 
30 ft/s 

(9.1 m/s) 

40 ft/s 

(12.2 m/s) 

I. The Occupant Ridedown Acceleration (ORA) (see Appendix A, 

Section A5.2.2 of MASH 2016 for calculation procedure) should 

satisfy the following limits: 

 Occupant Ridedown Acceleration Limits  

Component Preferred Maximum 

Longitudinal and Lateral 15.0 gôs 20.49 gôs 

 

As noted previously, Phase I of the research effort consisted of the evaluation of the thrie-

beam bullnose system with three critical tests from the recommended MASH 2016 test matrix. 

Based on the previous development and testing of the thrie-beam bullnose system, it was believed 

that test designation nos. 3-32, 3-34, and 3-35 would be the most critical for evaluation of the 

system. Test designation nos. 3-34 and 3-35 are conducted at the critical impact point (CIP) of the 

non-gating, redirective crash cushions where it is unknown if the bullnose will capture or redirect 

the vehicle. Because of difficulties in passing tests regarding the CIP at the point of 

capture/redirection in past evaluations, it was believed that these tests should be evaluated early in 

the effort. Another concern with the bullnose system evaluation under MASH was the capture and 

safe deceleration of the 1100C small car vehicle. As such, it was recommended that test 

designation no. 3-32 be conducted early in the research effort to determine the validity of this 

concern. 
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Test designation nos. 3-34 and 3-35 are required to be conducted at a CIP where the 

behavior of the crash cushion transitions between capture and redirection of the impacting vehicle. 

In order to identify CIPs for these impacts, MwRSF reviewed previous testing of the thrie-beam 

bullnose system and end terminals and compared this data with the MASH 2016 impact conditions 

for test designation nos. 3-34 and 3-35. When testing the steel and wood post bullnose according 

to NCHRP Report No. 350 criteria, MwRSF conducted a test similar to MASH 2016 test 

designation no. 3-35 with the 2000P vehicle impacting the system at post no. 2 at an angle of 20 

degrees, and it proved to be a very difficult test to pass. For reference, a schematic of the bullnose 

system with post numbers is provided in Figure 1. For MASH 2016 test designation no. 3-35, the 

impact angle increased to 25 degrees, and the mass of the pickup truck increased. Thus, there was 

reason to expect that when impacted at post no. 2, the bullnose system would capture the vehicle 

rather than redirect it. It was also expected that the potential is greater for the system to redirect 

the vehicle when nearing post no. 5, which is when the rail becomes parallel to the road and the 

impact is 12.5 ft (3.8 m) from the anchor. This behavior would correlate with post no. 3 for a 

standard guardrail end terminal, which is typically used for the beginning of length of need (LON) 

in terminal impacts. Thus, it was determined that the CIP for MASH test designation no. 3-35 be 

located at post no. 3, which is halfway between the cable anchor at post no. 1 and the assumed 

beginning of LON/redirection point at post no. 5. 

A small car test of the CIP of the transition from capture to redirection was not conducted 

on the thrie-beam bullnose under NCHRP Report No. 350 as it was not required. Due to the lack 

of previous thrie-beam bullnose data related to this test, the researchers reviewed MASH terminal 

testing for the MSKT [10] and the SoftStop [11]. Note that these systems have posts a 75-in. post 

spacing while the bullnose uses 37 ½-in. post spacing, as shown in Figure 1. Test designation no. 

3-34 on the SoftStop impacted at post no. 1 in the system (at the impact head). Test designation 

no. 3-35 on the Softstop was conducted at the beginning of LON, and the impact point was at post 

no. 3. For the MSKT, test designation no. 3-34 was conducted with the impact point at post no. 2, 

and test designation no. 3-35 was conducted with the impact point at post no. 3. Thus, it appeared 

that test designation no. 3-34 has been typically conducted upstream from the systemôs LON point 

based on the test having a reduced impact angle of 15 degrees and the lighter vehicle mass than 

test designation no. 3-35. Because the thrie-beam bullnose uses as similar cable anchorage to 

existing end terminal designs near the nose, it was believed that test designation no. 3-34 should 

be conducted upstream of the LON for end terminals, which would correspond to the third post on 

a typical end terminal and the fifth post on the thrie-beam bullnose. Additionally, it was noted 

previously that test designation no. 3-35 should be conducted on the thrie-beam bullnose with the 

CIP located at post no. 3. Thus, the 1100C impact in test designation no. 3-34 should be located 

upstream from post no. 3 due to the lighter vehicle mass and reduced impact angle. Placement of 

the CIP at post no. 1 would eliminate the potential for vehicle redirection as the cable anchorage 

is connected to that post. Thus, post no. 2 on the thrie-beam bullnose was selected as the CIP for 

evaluation of the transition of the systemôs behavior from capture to redirection for test designation 

no. 3-34.  

Finally, MASH 2016 test designation no. 3-32 consists of a 1100C vehicle impacting the 

center of the nose of the system at an angle ranging from 5 to 15 degrees. The lower end of the 

angle range is typically recommended for evaluation of gating end terminal systems. MASH 2016 

recommends that non-gating redirective systems be impacted at a 15-degree angle for this test. 
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Thus, the thrie-beam bullnose was evaluated with at 15-degree impact angle in test designation no. 

3-32.  

It should be noted that the remaining tests recommended in the MASH 2016 test matrix for 

non-gating, redirective crash cushions will be addressed in subsequent research if the initial critical 

tests are successful.  

2.2 Evaluation Criteria  

Evaluation criteria for full-scale vehicle crash testing are based on three appraisal areas: 

(1) structural adequacy; (2) occupant risk; and (3) vehicle trajectory after collision. Criteria for 

structural adequacy are intended to evaluate the ability of the bullnose guardrail to contain and 

redirect impacting vehicles. In addition, controlled lateral deflection of the test article is 

acceptable. Occupant risk evaluates the degree of hazard to occupants in the impacting vehicle. 

Post-impact vehicle trajectory is a measure of the potential of the vehicle to result in a secondary 

collision with other vehicles and/or fixed objects, thereby increasing the risk of injury to the 

occupants of the impacting vehicle and/or other vehicles. These evaluation criteria are summarized 

in Table 2 and defined in greater detail in MASH 2016. The full-scale vehicle crash tests 

documented herein were conducted and reported in accordance with the procedures provided in 

MASH 2016. 

In addition to the standard occupant risk measures, the Post-Impact Head Deceleration 

(PHD), the Theoretical Head Impact Velocity (THIV), and the Acceleration Severity Index (ASI) 

were determined and reported. Additional discussion on PHD, THIV and ASI is provided in 

MASH 2016. 

2.3 Soil Strength Requirements 

In accordance with Chapter 3 and Appendix B of MASH 2016, foundation soil strength 

must be verified before any full-scale crash testing can occur. During the installation of a soil 

dependent system, additional W6x16 (W152x23.8) posts are installed near the impact region 

utilizing the same installation procedures as the system itself. Prior to full-scale testing, a dynamic 

impact test must be conducted to verify a minimum dynamic soil resistance of 7.5 kips (33.4 kN) 

at post deflections between 5 and 20 in. (127 and 508 mm) measured at a height of 25 in. (635 

mm). If dynamic testing near the system is not desired, MASH 2016 permits a static test to be 

conducted instead and compared against the results of a previously established baseline test. In 

this situation, the soil must provide a resistance of at least 90% of the static baseline test at 

deflections of 5, 10, and 15 in. (127, 254, and 381 mm). Further details can be found in Appendix 

B of MASH 2016. 
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Figure 1. Bullnose Schematic with Post Nos. 
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3 DESIGN DETAILS  

The test installation consisted of a thrie-beam, bullnose median barrier system, which 

utilized USBPs, as shown in Figures 2 through 27. Photographs of the test installations are shown 

in Figures 28 through 35. Material specifications, mill certifications, and certificates of conformity 

for the system materials are shown in Appendix A.  

A one-half barrier system was utilized for the testing program in order to reduce costs and 

construction time. Note that a dual cable end anchorage was used on each end of the system to 

provide tensile and compressive resistance at the end of the one-half barrier system, thus 

mimicking the proper resistance of a complete installation. The 177¼-in. (4502-mm) bullnose 

system was constructed with twenty-eight posts, with fourteen posts positioned on each side of the 

system. The two sides of the system were labeled Side A and Side B, and their posts were 

numbered A1 to A14 and B1 to B14 respectively. Each side of the system contained two BCT 

posts, six UBSPs, four W6x8.5 standard guardrail posts, and two BCT anchorage posts, 

respectively, from the nose of the system. Note that both W6x8.5 and W6x9 post sections have 

been typically been allowed for both the line posts and the upper section of the UBSP as these 

posts have very similar section properties and have been used interchangeably in guardrail 

systems. The lower portion of the UBSP consisted of a foundation tube with the lower base plate. 

The upper portion of the UBSP consisted of a post with the upper base plate. The upper and lower 

halves of the UBSP were connected with a series of four bolts that were designed to allow the 

upper portion of the post to disengage a specific force levels when loaded in the lateral and 

longitudinal directions.  

Two minor modifications were made to the UBSP as compared to iterations of the post 

design evaluated in previous research efforts [7-9, 12]. First, several weld sizes were altered for 

the welds connecting the W-section to the upper base plate and the tube to the lower base plate. 

These welds were reduced in size as the original welds were specified too large for the thickness 

of the welded parts and the additional weld was unnecessary. Thus, the weld connecting the top of 

the W6x8.5 post to the upper baseplate was changed to a ¼-in. (6-mm) fillet weld on the front and 

back of each post flange and to a 3/16-in. (5-mm) fillet weld on each side of the web. The weld 

connecting the tube to the lower base plate was changed to a 3/16-in. (5-mm) fillet weld around the 

tube.  

The second modification to the UBSP was a slight increase of the thickness of the base 

plate on the lower section of the post. Previous full -scale crash testing of systems with the UBSP 

demonstrated a tendency for deformation of the lower base plate during impact events. A slight 

increase in the thickness of the base plate was not expected to degrade the performance of the 

UBSP. However, it was anticipated that the thickness increase could prevent damage to the lower 

section of the UBSP and allow the lower section to be reused in an installation. Reuse of the base 

of the post would provide a significant reduction in the repair costs of the system by eliminating 

the need to dig up and replace the UBSP following an impact. Thus, the thickness of the base plate 

on the lower section of the post was increased from ½ in. (13 mm) to ȩ in. (16 mm).  

All posts were embedded in a coarse, crushed limestone aggregate. The soil was compacted 

in 3-ft (610-mm) diameter augured holes using 8-in. (203-mm) lifts. Also, the fracturing bolts in 

the breakaway posts were torqued to 60 to 75 ft-lb (81.3 to 101.7 N-m) for the full-scale crash 

testing program. 
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Figure 2. Test Installation Layout, Test Nos. MSPBN-1 
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Figure 3. Test Installation Layout, Test No. MSPBN-2 
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Figure 4. Test Installation Layout, Test No. MSPBN-3 
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Figure 5. Layout for Post Locations, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 6. Alternate Coordinate System for the Layout of Post Locations, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 7. Post Nos. 3 through 8 and 9 through 12 Details, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 8. Post Nos. 1 and 2 Details, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 9. End Rail Splice Detail, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 10. Nose Section Detail, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 11. Anchor Post Details, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 12. UBSP and Component Details, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 13. Upper and Lower Post Assembly Details, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 14. UBSP Component Details, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 15. W6x9 Post and Blockout Details, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 16. BCT Timber Posts and Foundation Tube Details, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 17. BCT Anchor Cable Detail, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 18. Nose Cable Detail, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 19. BCT Anchorage Detail, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 20. Rail Section Details Section No. 1, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 21. Rail Section Details Section No. 2, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 22. Rail Section Details Section Nos. 3 and 4, Test Nos. MSPBN-1 through MSPBN-3 
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Figure 23. Rail Section Details Section No. 5, Test Nos. MSPBN-1 through MSPBN-3 








































































































































































































































































































































































































































































