
University of Nebraska - Lincoln
DigitalCommons@University of Nebraska - Lincoln
Nebraska Department of Transportation Research
Reports Nebraska LTAP

1-2013

Safety Performance Evaluation of the Non-Blocked
Midwest Guardrail System
Kevin D Schrum
University of Nebraska - Lincoln

Karla A. Lechtenberg
University of Nebraska - Lincoln, kpolivka2@unl.edu

Robert W. Bielenberg
University of Nebraska - Lincoln, rbielenberg2@unl.edu

Scott K. Rosenbaugh
University of Nebraska–Lincoln, srosenbaugh2@unl.edu

Ronald K. Faller
University of Nebraska - Lincoln, rfaller1@unl.edu

See next page for additional authors

Follow this and additional works at: http://digitalcommons.unl.edu/ndor

Part of the Transportation Engineering Commons

This Article is brought to you for free and open access by the Nebraska LTAP at DigitalCommons@University of Nebraska - Lincoln. It has been
accepted for inclusion in Nebraska Department of Transportation Research Reports by an authorized administrator of DigitalCommons@University of
Nebraska - Lincoln.

Schrum, Kevin D; Lechtenberg, Karla A.; Bielenberg, Robert W.; Rosenbaugh, Scott K.; Faller, Ronald K.; and Reid, John D., "Safety
Performance Evaluation of the Non-Blocked Midwest Guardrail System" (2013). Nebraska Department of Transportation Research
Reports. 120.
http://digitalcommons.unl.edu/ndor/120

http://digitalcommons.unl.edu?utm_source=digitalcommons.unl.edu%2Fndor%2F120&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.unl.edu/ndor?utm_source=digitalcommons.unl.edu%2Fndor%2F120&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.unl.edu/ndor?utm_source=digitalcommons.unl.edu%2Fndor%2F120&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.unl.edu/ltap?utm_source=digitalcommons.unl.edu%2Fndor%2F120&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.unl.edu/ndor?utm_source=digitalcommons.unl.edu%2Fndor%2F120&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1329?utm_source=digitalcommons.unl.edu%2Fndor%2F120&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.unl.edu/ndor/120?utm_source=digitalcommons.unl.edu%2Fndor%2F120&utm_medium=PDF&utm_campaign=PDFCoverPages


Authors
Kevin D Schrum, Karla A. Lechtenberg, Robert W. Bielenberg, Scott K. Rosenbaugh, Ronald K. Faller, and
John D. Reid

This article is available at DigitalCommons@University of Nebraska - Lincoln: http://digitalcommons.unl.edu/ndor/120

http://digitalcommons.unl.edu/ndor/120?utm_source=digitalcommons.unl.edu%2Fndor%2F120&utm_medium=PDF&utm_campaign=PDFCoverPages


 
 

Midwest States Regional Pooled Fund Research Program 
Fiscal Years 2011 (Year 21) 

Research Project Number TPF-5(193) Supplemental #33 
NDOR Sponsoring Agency Code RPFP-11-MGS-3 

 

SAFETY PERFORMANCE EVALUATION OF THE NON-

BLOCKED MIDWEST GUARDRAIL SYSTEM (MGS) 

Submitted by 
 

Kevin D. Schrum, M.S.C.E., E.I.T. 
Graduate Research Assistant 

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

Research Associate Engineer 
 

Ronald K. Faller, Ph.D., P.E. 
Research Assistant Professor 

Interim MwRSF Director 

Karla A. Lechtenberg, M.S.M.E., E.I.T. 
Research Associate Engineer 

 
Scott K. Rosenbaugh, M.S.C.E., E.I.T. 

Research Associate Engineer 
 

John D. Reid, Ph.D., P.E.  
Professor 

 
Dean L. Sicking, Ph.D., P.E. 

Emeritus Professor 
Former MwRSF Director 

 
MIDWEST ROADSIDE SAFETY FACILITY 

Nebraska Transportation Center 
University of Nebraska-Lincoln 
130 Whittier Research Center 

2200 Vine Street 
Lincoln, Nebraska  68583-0853 

(402) 472-0965 
 

Submitted to 
 

MIDWEST STATES REGIONAL POOLED FUND PROGRAM 
Nebraska Department of Roads 

1500 Nebraska Highway 2 
Lincoln, Nebraska  68502 

 
MwRSF Research Report No. TRP-03-262-12 

 
January 24, 2013 



 

i 

TECHNICAL REPORT DOCUMENTATION PAGE 

1. Report No. 2. 3. Recipient’s Accession No. 

TRP-03-262-12   

4. Title and Subtitle  5. Report Date 

Safety Performance Evaluation of the Non-Blocked 
Midwest Guardrail System (MGS)  

January 24, 2013 
6. 

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

Schrum, K.D., Lechtenberg, K.A., Bielenberg, R.W., 
Rosenbaugh, S.K.,  Faller, R.K., Reid, J.D., and Sicking, 
D.L. 

TRP-03-262-12 

9. Performing Organization Name and Address 10. Project/Task/Work Unit No. 

Midwest Roadside Safety Facility (MwRSF) 
Nebraska Transportation Center 
University of Nebraska-Lincoln 
130 Whittier Research Center 
2200 Vine Street 
Lincoln, Nebraska  68583-0853 

 

11. Contract © or Grant (G) No. 

TPF-5(193) Supplemental #33 

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

Midwest States Regional Pooled Fund Program 
Nebraska Department of Roads 
1500 Nebraska Highway 2 
Lincoln, Nebraska  68502 

Final Report: 2011-2012 

14. Sponsoring Agency Code 

RPFP-11-MGS-3 

15. Supplementary Notes 

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

16. Abstract (Limit: 200 words) 

The roadway width required to install a guardrail system with a 12-in. (305-mm) blockout is not always available. In 
response, proprietary non-blocked W-beam guardrail systems were developed and successfully crash tested. However, the 
use of proprietary systems requires the State Departments of Transportation to maintain inventory of specialized 
components. Therefore, a non-proprietary, non-blocked W-beam guardrail system was developed.  

The Midwest Guardrail System (MGS), with a 31-in. (787-mm) nominal top rail height, was chosen for modification 
due to its exceptional redirective capacity. For this research, the 12-in. (305-mm) blockout was removed, and a 12-in. (305-
mm) long section of 12-gauge (2.66-mm) W-beam guardrail was utilized as a backup plate at rail-to-post connections. This 
design was successfully tested using a small car (test no. 3-10) and a pickup truck (test no. 3-11) according to the testing 
standards established in the Manual for Assessing Safety Hardware (MASH). As a result, the non-blocked MGS was 
recommended for use when roadway width was a limiting parameter. If width is not restricted, it is still recommended to 
use a 12-in. (305-mm) blockout as designated in the design drawings of the standard MGS. 

17. Document Analysis/Descriptors 18. Availability Statement 

Highway Safety, Crash Test, Roadside Appurtenances, 
Compliance Test, MASH, MGS, Guardrail, Non-
blocked, Non-proprietary  

No restrictions. Document available from: 
National Technical Information Services, 
Springfield, Virginia 22161 

19. Security Class (this report) 20. Security Class (this page) 21. No. of Pages 22. Price 

Unclassified Unclassified 236  



January 24, 2013 
MwRSF Report No. TRP-03-262-12 

ii 

DISCLAIMER STATEMENT 

This report was completed with funding from the Federal Highway Administration, U.S. 

Department of Transportation. 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 state highway departments 

participating in the Midwest States Regional Pooled Fund Program nor the Federal Highway 

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

specification, regulation, product endorsement, or an endorsement of 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.  

 

The Independent Approving Authority (IAA) for the data contained herein was Mario 

Mongiardini, Ph.D., Post-Doctoral Research Assistant. 



January 24, 2013 
MwRSF Report No. TRP-03-262-12 

iii 

ACKNOWLEDGEMENTS 

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

(1) the Midwest States Regional Pooled Fund Program funded by the Illinois Department of 

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

Minnesota Department of Transportation, Missouri Department of Transportation, Nebraska 

Department of Roads, Ohio Department of Transportation, South Dakota 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.C. Holloway, M.S.C.E., E.I.T., Test Site Manager 
C.L. Meyer, B.S.M.E., E.I.T., Former Research Associate Engineer 
A.T. Russell, B.S.B.A., Shop Manager 
K.L. Krenk, B.S.M.A., Maintenance Mechanic 
Undergraduate and Graduate Research Assistants 
 
Illinois Department of Transportation 
 
David Piper, P.E., Safety Implementation Engineer 
Priscilla A. Tobias, P.E., State Safety Engineer/Bureau Chief 
 
Iowa Department of Transportation 
 
David Little, P.E., Assistant District Engineer 
Deanna Maifield, P.E., Methods Engineer 
Chris Poole, P.E., Roadside Safety Engineer 
 
Kansas Department of Transportation 
 
Ron Seitz, P.E., Bureau Chief 
Rod Lacy, P.E., Metro Engineer 
Scott King, P.E., Road Design Leader 
 



January 24, 2013 
MwRSF Report No. TRP-03-262-12 

iv 

Minnesota Department of Transportation 
 
Michael Elle, P.E., Design Standard Engineer 
 
Missouri Department of Transportation 
 
Joseph G. Jones, P.E., Engineering Policy Administrator 
 
Nebraska Department of Roads 
 
Amy Starr, P.E., Research Engineer 
Phil TenHulzen, P.E., Design Standards Engineer 
Jodi Gibson, Research Coordinator 
 
Ohio Department of Transportation 
 
Michael Bline, P.E., Standards and Geometrics Engineer 
Maria Ruppa, P.E., Roadway Standards Engineer 
 
South Dakota Department of Transportation 
 
David Huft, Research Engineer 
Bernie Clocksin, Lead Project Engineer 
 
Wisconsin Department of Transportation 
 
Jerry Zogg, P.E., Chief Roadway Standards Engineer 
John Bridwell, P.E., Standards Development Engineer 
Erik Emerson, P.E., Standards Development Engineer 
 
Wyoming Department of Transportation 
 
William Wilson, P.E., Architectural and Highway Standards Engineer 
 
Federal Highway Administration 
 
John Perry, P.E., Nebraska Division Office 
Danny Briggs, Nebraska Division Office 
 

 



January 24, 2013 
MwRSF Report No. TRP-03-262-12 

v 

TABLE OF CONTENTS 

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

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

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

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

TABLE OF CONTENTS .................................................................................................................v 

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

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

1 INTRODUCTION ........................................................................................................................1 
1.1 Problem Statement ........................................................................................................ 1 
1.2 Objective ....................................................................................................................... 2 
1.3 Scope ............................................................................................................................. 2 

2 DESIGN DETAILS ......................................................................................................................3 

3 TEST REQUIREMENTS AND EVALUATION CRITERIA ...................................................28 
3.1 Test Requirements ...................................................................................................... 28 
3.2 Evaluation Criteria ...................................................................................................... 28 
3.3 Soil Strength Requirements ........................................................................................ 29 

4 TEST CONDITIONS..................................................................................................................31 
4.1 Test Facility ................................................................................................................ 31 
4.2 Vehicle Tow and Guidance System ............................................................................ 31 
4.3 Test Vehicles ............................................................................................................... 31 
4.4 Simulated Occupant .................................................................................................... 39 
4.5 Data Acquisition Systems ........................................................................................... 39 

4.5.1 Accelerometers ............................................................................................ 39 
4.5.2 Rate Transducers .......................................................................................... 40 
4.5.3 Pressure Tape Switches ................................................................................ 40 
4.5.4 Digital Cameras ........................................................................................... 41 

5 FULL SCALE CRASH TEST NO. MGSNB-1 ..........................................................................44 
5.1 Static Soil Test ............................................................................................................ 44 
5.2 Test No. MGSNB-1 .................................................................................................... 44 
5.3 Weather Conditions .................................................................................................... 44 
5.4 Test Description .......................................................................................................... 45 
5.5 Barrier Damage ........................................................................................................... 46 
5.6 Vehicle Damage .......................................................................................................... 47 
5.7 Occupant Risk ............................................................................................................. 49 
5.8 Discussion ................................................................................................................... 50 



January 24, 2013 
MwRSF Report No. TRP-03-262-12 

vi 

6 FULL SCALE CRASH TEST NO. MGSNB-2 ..........................................................................65 
6.1 Static Soil Test ............................................................................................................ 65 
6.2 Test No. MGSNB-2 .................................................................................................... 65 
6.3 Weather Conditions .................................................................................................... 65 
6.4 Test Description .......................................................................................................... 66 
6.5 Barrier Damage ........................................................................................................... 67 
6.6 Vehicle Damage .......................................................................................................... 69 
6.7 Occupant Risk ............................................................................................................. 70 
6.8 Discussion ................................................................................................................... 71 

7 COMPARISON BETWEEN BLOCKOUT AND NON-BLOCKOUT MGS TESTING ..........86 
7.1 Discussion ................................................................................................................... 87 
7.2 Rail-Post Attachment .................................................................................................. 94 
7.3 Importance of the Blockout ........................................................................................ 96 

8 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS..............................................99 

9 IMPLEMENTATION GUIDANCE .........................................................................................104 
9.1 Background ............................................................................................................... 104 
9.2 MGS Long-Span Guardrail ....................................................................................... 104 
9.3 MGS Adjacent to 2:1 Fill Slopes .............................................................................. 106 
9.4 MGS on 8:1 Approach Slopes .................................................................................. 109 
9.5 MGS Adjacent to Curb ............................................................................................. 109 
9.6 MGS Stiffness Transition to Approach Guardrail Transitions ................................. 110 
9.7 MGS with Reduced Post Spacing ............................................................................. 112 
9.8 MGS with Various Wood Posts ................................................................................ 112 

10 REFERENCES .......................................................................................................................114 

11 APPENDICES ........................................................................................................................116 
Appendix A.  Material Specifications ........................................................................... 117 
Appendix B.  Vehicle Center of Gravity Determination ............................................... 162 
Appendix C.  Static Soil Tests ...................................................................................... 165 
Appendix D.  Vehicle Deformation Records ................................................................ 170 
Appendix E.  Accelerometer and Rate Transducer Data Plots, Test No. MGSNB-1 ... 184 
Appendix F.  Accelerometer and Rate Transducer Data Plots, Test No. MGSNB-2 ... 200 
Appendix G.  Summary of Test Results ........................................................................ 224 
 

 



January 24, 2013 
MwRSF Report No. TRP-03-262-12 

vii 

LIST OF FIGURES 

Figure 1. Test Installation Layout, Test No. MGSNB-1...............................................................5 
Figure 2. Post and Splice Details, Test No. MGSNB-1 ................................................................6 
Figure 3. End Rail Details, Test No. MGSNB-1 ..........................................................................7 
Figure 4. Anchorage Component Details, Test No. MGSNB-1 ...................................................8 
Figure 5. Line Posts, Test No. MGSNB-1 ....................................................................................9 
Figure 6. BCT Timber Post and Foundation Tube Details, Test No. MGSNB-1 .......................10 
Figure 7. BCT Anchor Cable Details, Test No. MGSNB-1 .......................................................11 
Figure 8. Ground Strut and Anchor Bracket Details, Test No. MGSNB-1 ................................12 
Figure 9. Rail Section Details, Test No. MGSNB-1 ...................................................................13 
Figure 10. Bill of Materials, Test No. MGSNB-1 ......................................................................14 
Figure 11. Test Installation Photographs, Test No. MGSNB-1 ..................................................15 
Figure 12. Test Installation Photographs, Test No. MGSNB-1 ..................................................16 
Figure 13. System Layout, Test No. MGSNB-2 .........................................................................17 
Figure 14. Post and Splice Details, Test No. MGSNB-2 ............................................................18 
Figure 15. Anchorage Layout, Test No. MGSNB-2 ...................................................................19 
Figure 16. Anchorage Component Details, Test No. MGSNB-2 ...............................................20 
Figure 17. Posts 3 through 27, Test No. MGSNB-2 ...................................................................21 
Figure 18. BCT Timber Post and Foundation Tube Details, Test No. MGSNB-2 .....................22 
Figure 19. BCT Anchor Cable Details, Test No. MGSNB-2 .....................................................23 
Figure 20. Ground Strut and Anchor Bracket Details, Test No. MGSNB-2 ..............................24 
Figure 21. Rail Section Details, Test No. MGSNB-2 .................................................................25 
Figure 22. Bill of Materials, Test No. MGSNB-2 ......................................................................26 
Figure 23. Test Installation Photographs, Test No. MGSNB-2 ..................................................27 
Figure 24. Test Vehicle, Test No. MGSNB-1 ............................................................................33 
Figure 25. Vehicle Dimensions, Test No. MGSNB-1 ................................................................34 
Figure 26. Test Vehicle, Test No. MGSNB-2 ............................................................................35 
Figure 27. Vehicle Dimensions, Test No. MGSNB-2 ................................................................36 
Figure 28. Target Geometry, Test No. MGSNB-1 .....................................................................37 
Figure 29. Target Geometry, Test No. MGSNB-2 .....................................................................38 
Figure 30. Camera Locations, Speeds, and Lens Settings, Test No. MGSNB-1 ........................42 
Figure 31. Camera Locations, Speeds, and Lens Settings, Test No. MGSNB-2 ........................43 
Figure 32. Summary of Test Results and Sequential Photographs, Test No. MGSNB-1 ...........51 
Figure 33. Additional Sequential Photographs, Test No. MGSNB-1 .........................................52 
Figure 34. Additional Sequential Photographs, Test No. MGSNB-1 .........................................53 
Figure 35. Documentary Photographs, Test No. MGSNB-1 ......................................................54 
Figure 36. Documentary Photographs, Test No. MGSNB-1 ......................................................55 
Figure 37. Impact Location, Test No. MGSNB-1 ......................................................................56 
Figure 38. Vehicle Final Position and Trajectory Marks, Test No. MGSNB-1 .........................57 
Figure 39. System Damage, Test No. MGSNB-1 .......................................................................58 
Figure 40. Guardrail Damage between Post Nos. 13 and 17, Test No. MGSNB-1 ....................59 
Figure 41. Guardrail Damage between Post Nos. 13 and 17, Test No. MGSNB-1 ....................60 
Figure 42. Post Damage between Post Nos. 13 and 15, Test No. MGSNB-1 ............................61 
Figure 43. Post Damage between Post Nos. 16 and 17, Test No. MGSNB-1 ............................62 
Figure 44. Vehicle Damage, Test No. MGSNB-1 ......................................................................63 
Figure 45. Vehicle Damage, Test No. MGSNB-1 ......................................................................64 



January 24, 2013 
MwRSF Report No. TRP-03-262-12 

viii 

Figure 46. Summary of Test Results and Sequential Photographs, Test No. MGSNB-2 ...........72 
Figure 47. Additional Sequential Photographs, Test No. MGSNB-2 .........................................73 
Figure 48. Additional Sequential Photographs, Test No. MGSNB-2 .........................................74 
Figure 49. Additional Sequential Photographs, Test No. MGSNB-2 .........................................75 
Figure 50. Documentary Photographs, Test No. MGSNB-2 ......................................................76 
Figure 51. Documentary Photographs, Test No. MGSNB-2 ......................................................77 
Figure 52. Impact Location, Test No. MGSNB-2 ......................................................................78 
Figure 53. Vehicle Final Position and Trajectory, Test No. MGSNB-2.....................................79 
Figure 54. System Barrier Damage, Test No. MGSNB-2 ..........................................................80 
Figure 55. Guardrail Damage between Posts 13 and 17, Test No. MGSNB-2 ...........................81 
Figure 56. Post Damage between Posts 15 and 17, Test No. MGSNB-2 ...................................82 
Figure 57. Vehicle Damage, Test No. MGSNB-2 ......................................................................83 
Figure 58. Vehicle Damage, Test No. MGSNB-2 ......................................................................84 
Figure 59. Vehicle Damage, Test No. MGSNB-2 ......................................................................85 
Figure 60. Rear View of 2270P Truck Tests – 2214MG-2 (left) and MGSNB-1 (right) ...........89 
Figure 61. Rear View of 1100C Car Tests – 2214MG-3 (left) and MGSNB-2 (right) ..............90 
Figure 62. Barrier Damage .........................................................................................................91 
Figure 63. Vehicle Damage ........................................................................................................92 
Figure 64. Longitudinal and Lateral Change in Velocity ...........................................................93 
Figure 65. Bolt Located in Worst Case Location – Pull-Through Behavior Still 

Occurred .............................................................................................................................95 
Figure 66. Blockout Holds Rail Up ............................................................................................96 
Figure 67. 1100C Crash Tests at Post No. 14 – Blockout Reduces Wheel Snag .......................98 
Figure 68. MGS Long-Span System with Non-Blocked Steel Posts ........................................107 
Figure 69. MGS Adjacent to 2:1 Fill-Slope with Non-Blocked Steel Posts .............................108 
Figure 70. Use of Non-Blocked Steel Post MGS Upstream of MGS Stiffness Transition ......111 
Figure A-1. Bill of Materials, Test No. MGSNB-1 ..................................................................118 
Figure A-2. Bill of Materials, Test No. MGSNB-2 ..................................................................119 
Figure A-3. W6x8 [W152x12.6] Steel Post Material Specifications, Test Nos. MGSNB-

1 and MGSNB-2 ..............................................................................................................120 
Figure A-4. W6x9 [W152x13.4] Steel Post Material Specifications, Test Nos. MGSNB-

1 and MGSNB-2 ..............................................................................................................121 
Figure A-5. 6-ft 3-in. (1,905-mm) Long W-Beam MGS Section Material Specifications, 

Test Nos. MGSNB-1 and MGSNB-2 ..............................................................................122 
Figure A-6. 12-ft 6-in. (3.8 m) Long W-Beam MGS Section and End Section Material 

Specifications, Test Nos. MGSNB-1 and MGSNB-2 ......................................................123 
Figure A-7. 10-in. (254-mm) Long Guardrail Bolt Material Specifications, Test Nos. 

MGSNB-1 and MGSNB-2 ...............................................................................................124 
Figure A-8. 10-in (254-mm) Long Guardrail Bolt Material Specifications (cont.), Test 

Nos. MGSNB-1 and MGSNB-2 ......................................................................................125 
Figure A-9. 10-in (254-mm) Long Guardrail Bolt Material Specifications (cont.), Test 

Nos. MGSNB-1 and MGSNB-2 ......................................................................................126 
Figure A-10. 10-in (254-mm) Long Guardrail Bolt Material Specifications (cont.), Test 

Nos. MGSNB-1 and MGSNB-2 ......................................................................................127 
Figure A-11. 10-in (254-mm) Long Guardrail Bolt Material Specifications (cont.), Test 

Nos. MGSNB-1 and MGSNB-2 ......................................................................................128 



January 24, 2013 
MwRSF Report No. TRP-03-262-12 

ix 

Figure A-12. 10-in (254-mm) Long Guardrail Bolt Material Specifications (cont.), Test 
Nos. MGSNB-1 and MGSNB-2 ......................................................................................129 

Figure A-13. 10-in (254-mm) Long Guardrail Bolt Material Specifications (cont.), Test 
Nos. MGSNB-1 and MGSNB-2 ......................................................................................130 

Figure A-14. 5/8-in (16-mm) Diameter Guardrail Nut Material Specifications (cont.), 
Test Nos. MGSNB-1 and MGSNB-2 ..............................................................................131 

Figure A-15. 5/8-in (16-mm) Diameter Guardrail Nut Material Specifications (cont.), 
Test Nos. MGSNB-1 and MGSNB-2 ..............................................................................132 

Figure A-16. 5/8-in (16-mm) Diameter Guardrail Nut Material Specifications (cont.), 
Test Nos. MGSNB-1 and MGSNB-2 ..............................................................................133 

Figure A-17. 5/8-in (16-mm) Diameter Guardrail Nut Material Specifications (cont.), 
Test Nos. MGSNB-1 and MGSNB-2 ..............................................................................134 

Figure A-18. 5/8-in (16-mm) Diameter x 1 ½-in (38-mm) Guardrail Bolt Material 
Specifications (cont.), Test Nos. MGSNB-1 and MGSNB-2 ..........................................135 

Figure A-19. 5/8-in (16-mm) Diameter x 1 ½-in. (38-mm) Guardrail Bolt Material 
Specifications (cont.), Test Nos. MGSNB-1 and MGSNB-2 ..........................................136 

Figure A-20. 5/8-in (16-mm) Diameter x 1 ½” (38 mm) Guardrail Bolt Material 
Specifications (cont.), Test Nos. MGSNB-1 and MGSNB-2 ..........................................137 

Figure A-21. 5/8-in (16-mm) Diameter Guardrail Nut, Material Specifications (cont.), 
Test Nos. MGSNB-1 and MGSNB-2 ..............................................................................138 

Figure A-22. 5/8-in (16-mm) Diameter Guardrail Nut Material Specifications (cont.), 
Test Nos. MGSNB-1 and MGSNB-2 ..............................................................................139 

Figure A-23. 5/8-in (16-mm) Diameter Guardrail Nut Material Specifications (cont.), 
Test Nos. MGSNB-1 and MGSNB-2 ..............................................................................140 

Figure A-24. 5/8-in (16-mm) Diameter Guardrail Nut Material Specifications (cont.), 
Test Nos. MGSNB-1 and MGSNB-2 ..............................................................................141 

Figure A-25. 5/8-in (16-mm) Diameter Flat Washer Material Specifications, Test Nos. 
MGSNB-1 and MGSNB-2 ...............................................................................................142 

Figure A-26. W-Beam Backup Plate Material Specifications, Test Nos. MGSNB-1 and 
MGSNB-2 ........................................................................................................................143 

Figure A-27. W-Beam Backup Plate Material Specifications (cont.), Test Nos. 
MGSNB-1 and MGSNB-2 ...............................................................................................144 

Figure A-28. BCT Timber Post – MGS Height SYP Grade No. 1 or Better, Test Nos. 
MGSNB-1 and MGSNB-2 ...............................................................................................145 

Figure A-29. Foundation Tube Material Specifications, Test Nos. MGSNB-1 and 
MGSNB-2 ........................................................................................................................146 

Figure A-30. Strut and Yoke Assembly Material Specifications, Test Nos. MGSNB-1 
and MGSNB-2 .................................................................................................................147 

Figure A-31. Anchor Bearing Plate Material Specifications, Test Nos. MGSNB-1 and 
MGSNB-2 ........................................................................................................................148 

Figure A-32. BCT Anchor Cable Assembly 3/4-in. (19-mm) Galvanized Wire Rope 
Material Specifications, Test Nos. MGSNB-1 and MGSNB-2 .......................................149 

Figure A-33. BCT Anchor Cable Assembly 3/4-in. (19-mm) Galvanized Wire Rope 
Material Specifications (cont.), Test No. MGSNB-1 ......................................................150 

Figure A-34. Anchor Bracket Assembly Material Specifications, Test Nos. MGSNB-1 
and MGSNB-2 .................................................................................................................151 



January 24, 2013 
MwRSF Report No. TRP-03-262-12 

x 

Figure A-35. 6-in. (152-mm) Long BCT Post Sleeve Material Specifications, Test Nos. 
MGSNB-1 and MGSNB-2 ...............................................................................................152 

Figure A-36. 5/8-in. (16-mm) Diameter Hex Head Nut Material Specifications, Test 
Nos. MGSNB-1 and MGSNB-2 ......................................................................................153 

Figure A-37. 10-in. (254-mm) Long Hex Head Bolt Material Specifications, Test Nos. 
MGSNB-1 and MGSNB-2 ...............................................................................................154 

Figure A-38. 5/8-in (16-mm) Diameter x 1 ½-in (38-mm) Long Hex Head Bolt Material 
Specifications, Test Nos. MGSNB-1 and MGSNB-2 ......................................................155 

Figure A-39. 5/8-in (16-mm) Diameter x 1 ½-in (38-mm) Long Hex Head Bolt Material 
Specifications (cont.), Test Nos. MGSNB-1 and MGSNB-2 ..........................................156 

Figure A-40. 5/8-in (16-mm) Diameter x 1 ½-in (38-mm) Long Hex Head Bolt Material 
Specifications (cont.), Test Nos. MGSNB-1 and MGSNB-2 ..........................................157 

Figure A-41. 5/8-in (16-mm) Diameter x 1 ½-in (38-mm) Long Hex Head Bolt Material 
Specifications (cont.), Test Nos. MGSNB-1 and MGSNB-2 ..........................................158 

Figure A-42. 5/8-in (16-mm) Diameter x 1 ½-in (38-mm) Long Hex Head Bolt Material 
Specifications (cont.), Test Nos. MGSNB-1 and MGSNB-2 ..........................................159 

Figure A-43. 7/8-in. (22-mm) Diameter Hex Head Nut Material Specifications, Test 
Nos. MGSNB-1 and MGSNB-2 ......................................................................................160 

Figure A-44. 7/8-in (22-mm) Diameter x 7 ½-in. (191-mm) Long Hex Head Bolt 
Material Specifications, Test Nos. MGSNB-1 and MGSNB-2 .......................................160 

Figure A-45. 7/8-in. (22-mm) Diameter Flat Washer Material Specifications, Test Nos. 
MGSNB-1 and MGSNB-2 ...............................................................................................160 

Figure A-46. Cable Anchor Assembly Black Paint, Test No. MGSNB-2 ................................161 
Figure B-1. Vehicle Mass Distribution, Test No. MGSNB-1 ...................................................163 
Figure B-2. Vehicle Mass Distribution, Test No. MGSNB-2 ...................................................164 
Figure C-1. Summary Sheet for Strong Soil Test Results, Test No. MGSNB-1 ......................166 
Figure C-2. Test Day Static Soil Strength, Test No. MGSNB-1 ..............................................167 
Figure C-3. Summary Sheet for Strong Soil Test Results, Test No. MGSNB-2 ......................168 
Figure C-4. Test Day Static Soil Strength, Test No. MGSNB-2 ..............................................169 
Figure D-1. Floor Pan Deformation Data – Set 1, Test No. MGSNB-1 ...................................171 
Figure D-2. Floor Pan Deformation Data – Set 2, Test No. MGSNB-1 ...................................172 
Figure D-3. Occupant Compartment Deformation Data – Set 1, Test No. MGSNB-1 ............173 
Figure D-4. Occupant Compartment Deformation Data – Set 2, Test No. MGSNB-1 ............174 
Figure D-5. Exterior Vehicle Crush (NASS) - Front, Test No. MGSNB-1 ..............................175 
Figure D-6. Exterior Vehicle Crush (NASS) - Side, Test No. MGSNB-1 ...............................176 
Figure D-7. Floor Pan Deformation Data – Set 1, Test No. MGSNB-2 ...................................177 
Figure D-8. Floor Pan Deformation Data – Set 2, Test No. MGSNB-2 ...................................178 
Figure D-9. Occupant Compartment Deformation Data – Set 1, Test No. MGSNB-2 ............179 
Figure D-10. Occupant Compartment Deformation Data – Set 2, Test No. MGSNB-2 ..........180 
Figure D-11. Exterior Vehicle Crush (NASS) - Front, Test No. MGSNB-2 ............................181 
Figure D-12. Exterior Vehicle Crush (NASS) - Side, Test No. MGSNB-2 .............................182 
Figure D-13. Roof Crush Measurement, Test No. MGSNB-2 .................................................183 
Figure E-1. 10-ms Average Longitudinal Deceleration (DTS), Test No. MGSNB-1 ..............185 
Figure E-2. Longitudinal Occupant Impact Velocity (DTS), Test No. MGSNB-1 ..................186 
Figure E-3. Longitudinal Occupant Displacement (DTS), Test No. MGSNB-1 ......................187 
Figure E-4. 10-ms Average Lateral Deceleration (DTS), Test No. MGSNB-1 .......................188 
Figure E-5. Lateral Occupant Impact Velocity (DTS), Test No. MGSNB-1 ...........................189 



January 24, 2013 
MwRSF Report No. TRP-03-262-12 

xi 

Figure E-6. Lateral Occupant Displacement (DTS), Test No. MGSNB-1 ...............................190 
Figure E-7. Vehicle Angular Displacements (DTS), Test No. MGSNB-1 ...............................191 
Figure E-8. Acceleration Severity Index (DTS), Test No. MGSNB-1 .....................................192 
Figure E-9. 10-ms Average Longitudinal Deceleration (EDR-3), Test No. MGSNB-1 ..........193 
Figure E-10. Longitudinal Occupant Impact Velocity (EDR-3), Test No. MGSNB-1 ............194 
Figure E-11. Longitudinal Occupant Displacement (EDR-3), Test No. MGSNB-1 ................195 
Figure E-12. 10-ms Average Lateral Deceleration (EDR-3), Test No. MGSNB-1 ..................196 
Figure E-13. Lateral Occupant Impact Velocity (EDR-3), Test No. MGSNB-1 .....................197 
Figure E-14. Lateral Occupant Displacement (EDR-3), Test No. MGSNB-1 .........................198 
Figure E-15. Acceleration Severity Index (EDR-3), Test No. MGSNB-1 ...............................199 
Figure F-1. 10-ms Average Longitudinal Deceleration (DTS), Test No. MGSNB-2 ..............201 
Figure F-2. Longitudinal Occupant Impact Velocity (DTS), Test No. MGSNB-2 ..................202 
Figure F-3. Longitudinal Occupant Displacement (DTS), Test No. MGSNB-2 ......................203 
Figure F-4. 10-ms Average Lateral Deceleration (DTS), Test No. MGSNB-2 ........................204 
Figure F-5. Lateral Occupant Impact Velocity (DTS), Test No. MGSNB-2 ...........................205 
Figure F-6. Lateral Occupant Displacement (DTS), Test No. MGSNB-2 ...............................206 
Figure F-7. Vehicle Angular Displacements (DTS), Test No. MGSNB-2 ...............................207 
Figure F-8. Acceleration Severity Index (DTS), Test No. MGSNB-2 .....................................208 
Figure F-9. 10-ms Average Longitudinal Deceleration (EDR-4), Test No. MGSNB-2 ...........209 
Figure F-10. Longitudinal Occupant Impact Velocity (EDR-4), Test No. MGSNB-2 ............210 
Figure F-11. Longitudinal Occupant Displacement (EDR-4), Test No. MGSNB-2 ................211 
Figure F-12. 10-ms Average Lateral Deceleration (EDR-4), Test No. MGSNB-2 ..................212 
Figure F-13. Lateral Occupant Impact Velocity (EDR-4), Test No. MGSNB-2 ......................213 
Figure F-14. Lateral Occupant Displacement (EDR-4), Test No. MGSNB-2 ..........................214 
Figure F-15. Vehicle Angular Displacements (EDR-4), Test No. MGSNB-2 .........................215 
Figure F-16. Acceleration Severity Index (EDR-4), Test No. MGSNB-2 ...............................216 
Figure F-17. 10-ms Average Longitudinal Deceleration (EDR-3), Test No. MGSNB-2 .........217 
Figure F-18. Longitudinal Occupant Impact Velocity (EDR-3), Test No. MGSNB-2 ............218 
Figure F-19. Longitudinal Occupant Displacement (EDR-3), Test No. MGSNB-2 ................219 
Figure F-20. 10-ms Average Lateral Deceleration (EDR-3), Test No. MGSNB-2 ..................220 
Figure F-21. Lateral Occupant Impact Velocity (EDR-3), Test No. MGSNB-2 ......................221 
Figure F-22. Lateral Occupant Displacement (EDR-3), Test No. MGSNB-2 ..........................222 
Figure F-23. Acceleration Severity Index (EDR-3), Test No. MGSNB-2 ...............................223 
Figure G-1. Summary of Test Results and Sequential Photographs, Test No. 220570-4 

(T-31), NCHRP 350 Test 3-10 [8] ...................................................................................225 
Figure G-2. Summary of Test Results and Sequential Photographs, Test No. GMS-2, 

NCHRP 350 Test 3-10 [9] ...............................................................................................226 
Figure G-3. Summary of Test Results and Sequential Photographs, Test No. MGSNB-

2, MASH Test 3-10 ..........................................................................................................227 
Figure G-4. Summary of Test Results and Sequential Photographs, Test No. NPG-1, 

NCHRP 350 Test 3-10 [3] ...............................................................................................228 
Figure G-5.  Summary of Test Results and Sequential Photographs, Test No. 2214MG-

3, MASH Test 3-10 [3] ....................................................................................................229 
Figure G-6.  Summary of Test Results and Sequential Photographs, Test No. 420020-5, 

MASH Test 3-10 [15] ......................................................................................................230 
Figure G-7.  Summary of Test Results and Sequential Photographs, Test No. 220570-2 

(T-31), MASH Test 3-11 [8] ............................................................................................231 



January 24, 2013 
MwRSF Report No. TRP-03-262-12 

xii 

Figure G-8.  Summary of Test Results and Sequential Photographs, Test No. GMS-1, 
MASH Test 3-11 [9] ........................................................................................................232 

Figure G-9. Summary of Test Results and Sequential Photographs, Test No. MGSNB-
1, MASH Test 3-10 ..........................................................................................................233 

Figure G-10. Summary of Test Results and Sequential Photographs, Test No. NPG-4, 
NCHRP 350 Test 3-11 [1] ...............................................................................................234 

Figure G-11. Summary of Test Results and Sequential Photographs, Test No. 2214MG-
2, MASH Test 3-11 [2] ....................................................................................................235 



January 24, 2013 
MwRSF Report No. TRP-03-262-12 

xiii 

LIST OF TABLES 

Table 1. MASH TL-3 Crash Test Conditions .............................................................................28 
Table 2. MASH Evaluation Criteria for Longitudinal Barrier ....................................................30 
Table 3. Weather Conditions, Test No. MGSNB-1 ....................................................................44 
Table 4. Sequential Description of Impact Events, Test No. MGSNB-1 ...................................45 
Table 5. Maximum Occupant Compartment Deformations by Location ...................................48 
Table 6. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. MGSNB-1 .............49 
Table 7. Weather Conditions, Test No. MGSNB-2 ....................................................................65 
Table 8. Sequential Description of Impact Events, Test No. MGSNB-2 ...................................66 
Table 9. Maximum Occupant Compartment Deformations by Location ...................................69 
Table 10. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. MGSNB-2 ...........71 
Table 11. Test Comparisons .......................................................................................................88 
Table 12. Summary of Safety Performance Evaluation Results ...............................................101 
Table 13. 31-in. (787-mm) Tall Guardrail Systems Test Designation No. 3-10 Result 

Comparison ......................................................................................................................102 
Table 14. 31-in. (787-mm) Tall Guardrail Systems Test Designation No. 3-11 Result 

Comparison ......................................................................................................................103 
 
 



January 24, 2013 
MwRSF Report No. TRP-03-262-12 

1 

1 INTRODUCTION 

1.1 Problem Statement 

The Midwest Guardrail System (MGS) is a non-proprietary, strong-post, W-beam 

guardrail system consisting of standard steel or wood guardrail posts, 12-gauge (2.66-mm) W-

beam rail, and a 12-in. (305-mm) deep blockout [1-3]. The MGS has been successfully full-scale 

crash tested according to the Test Level 3 (TL-3) safety performance evaluation criteria of the 

National Cooperative Highway Research Program (NCHRP) Report No. 350 [4] and the Manual 

for Assessing Safety Hardware (MASH) [5]. Subsequently, the Federal Highway Administration 

(FHWA) has deemed the MGS eligible for reimbursement under the Federal-Aid Highway 

Program [6-7]. Unfortunately, the roadway space required to install a blocked guardrail system is 

not always available. Three propriety, strong-post, non-blocked W-beam guardrail systems have 

been recently developed and successfully crash tested. One was developed by Trinity Industries 

and was called the T-31 Guardrail [8]. The second was developed by Gregory Industries and was 

called the Gregory Mini Spacer (GMS) Guardrail [9]. The third was developed by Nucor Steel 

Marion Inc. and was called Nucor Strong Post W-Beam Guardrail System [10]. Since a non-

proprietary, non-blocked alternative did not exist, states utilized one of the proprietary systems in 

areas where space was limited. 

The proprietary, non-blocked W-beam guardrail systems use unique components, such as 

post-rail attachment hardware or variations to the standard guardrail post [8-10]. State 

Departments of Transportation (DOT) would be required to maintain an inventory of specialized 

components for replacement. Thus, these proprietary components would create maintenance 

problems, especially if multiple proprietary systems were permitted to be used in a given 

jurisdiction. Improper repairs could create tort liability issues if a serious accident occurred in an 

area where proprietary components were omitted during repair. A non-proprietary alternative to 
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the existing non-blocked W-beam guardrail systems could eliminate and/or reduce these 

concerns. Based on the historical performance of the standard MGS and the proprietary systems 

outlined in the preceding section, the MGS should function satisfactorily without a blockout. 

1.2 Objective 

The objective of this research was to evaluate the performance of a non-blocked version 

of the MGS. The barrier system was to be evaluated according to the TL-3 full-scale safety 

performance criteria set forth in MASH. 

1.3 Scope 

The research objective was achieved through the completion of several tasks. First, two 

full-scale vehicle crash tests were performed on the non-blocked MGS. The crash tests utilized a 

pickup truck and a small car, weighing approximately 5,000 lb (2,268 kg) and 2,425 lb (1,100 

kg), respectively. The target impact conditions for both tests were an impact speed of 62 mph 

(100 km/h) and an impact angle of 25 degrees. Next, the test results were analyzed, evaluated, 

and documented. Finally, conclusions and recommendations were made that pertain to the safety 

performance of the non-blocked MGS.  
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2 DESIGN DETAILS 

The test installation consisted of 181 ft-3 in (55.25 m) of standard 12-gauge (2.66-mm 

thick) W-beam supported by steel posts, as shown in Figure 1. Anchorage systems similar to 

those used on tangent guardrail terminals were utilized on both the upstream and downstream 

ends of the guardrail system. Design details are shown in Figures 1 through 10. Photographs of 

the test installations are shown in Figures 11 and 12 . Material specifications, mill certifications, 

and certificates of conformity for the system materials are shown in Appendix A.  

The system was constructed with twenty-nine guardrail posts spaced 75 in. (1,905 mm) 

on center, as shown in Figures 1 and 2. Post nos. 3 through 27 were galvanized ASTM A992 

steel W6x8.5 (W152x12.6) sections measuring 6 ft (1.8 m) long with a soil embedment depth of 

40 in. (1,016 mm). Post nos. 1, 2, 28, and 29 were breakaway cable terminal (BCT) timber posts 

measuring 5½ in. wide x 7½ in. deep x 46 in. long (140 mm x 191 mm x 1,168 mm) and were 

placed in 6-ft (1.8-m) long foundation tubes, as shown in Figure 6. The BCT timber posts and 

foundation tubes were part of anchor systems designed to replicate the capacity of a tangent 

guardrail terminal. All posts were placed in a compacted coarse, crushed limestone material as 

recommended in MASH. For post nos. 3 through 27, 12-in. (305-mm) long, 12-gauge (2.66-mm 

thick) back up plates were used to block the rail away from the front face of the steel posts, as 

shown in Figure 3.  

Standard 12-gauge (2.66-mm thick) W-beam rails with additional post bolt slots at half 

post spacing intervals were placed between post nos. 1 and 29, as shown in Figures 1, 2, and 9. 

Standard slice bolts, 5/8 x 1 ½ in. (M16x38) long guardrail bolt and nuts, were used to attach the 

rail to the posts. The top mounting height of the W-beam was 31 in. (787 m) above the ground 

with a 247/8 in. (632-mm) center mounting height. Rail splices were placed at the midspan 

locations between guardrail posts as shown in Figures 1and 2. All lap splice connections between 
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the rail sections were configured with the upstream segment in front to reduce vehicle snag at the 

splice during the crash test. 

The installation for test no. MGSNB-2 was only raised 1 in. (25 mm) such that the height 

to the top of the guardrail was 32 in. (813 mm) as shown in Figures 13 through 22. Photographs 

of the test installations for test no. MGSNB-2 are shown in Figure 23. 
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Figure 1. Test Installation Layout, Test No. MGSNB-1 
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Figure 2. Post and Splice Details, Test No. MGSNB-1 
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Figure 3. End Rail Details, Test No. MGSNB-1 
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Figure 4. Anchorage Component Details, Test No. MGSNB-1 
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Figure 5. Line Posts, Test No. MGSNB-1 
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Figure 6. BCT Timber Post and Foundation Tube Details, Test No. MGSNB-1 
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Figure 7. BCT Anchor Cable Details, Test No. MGSNB-1 
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Figure 8. Ground Strut and Anchor Bracket Details, Test No. MGSNB-1 
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Figure 9. Rail Section Details, Test No. MGSNB-1 
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Figure 10. Bill of Materials, Test No. MGSNB-1
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Figure 11. Test Installation Photographs, Test No. MGSNB-1 



 

 16 

January 24, 2013 
                   MwRSF Report No. TRP-03-262-12

 
 

 
Figure 12. Test Installation Photographs, Test No. MGSNB-1



 

 

17 

January 24, 2013 
M

w
R

S
F

 R
eport N

o. T
R

P
-03-262-12

 
Figure 13. System Layout, Test No. MGSNB-2
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Figure 14. Post and Splice Details, Test No. MGSNB-2 
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Figure 15. Anchorage Layout, Test No. MGSNB-2 
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Figure 16. Anchorage Component Details, Test No. MGSNB-2 
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Figure 17. Posts 3 through 27, Test No. MGSNB-2 
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Figure 18. BCT Timber Post and Foundation Tube Details, Test No. MGSNB-2 
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Figure 19. BCT Anchor Cable Details, Test No. MGSNB-2 
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Figure 20. Ground Strut and Anchor Bracket Details, Test No. MGSNB-2 
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Figure 21. Rail Section Details, Test No. MGSNB-2 



 

 

26 

January 24, 2013 
M

w
R

S
F

 R
eport N

o. T
R

P
-03-262-12

 
Figure 22. Bill of Materials, Test No. MGSNB-2 
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Figure 23. Test Installation Photographs, Test No. MGSNB-2 
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3 TEST REQUIREMENTS AND EVALUATION CRITERIA 

3.1 Test Requirements 

Longitudinal barriers, such as W-beam guardrails, must satisfy impact safety standards in 

order to be accepted by the Federal Highway Administration (FHWA) for use on National 

Highway System (NHS) new construction projects or as a replacement for existing designs not 

meeting current safety standards. According to TL-3 of MASH, longitudinal barrier systems 

must be subjected to two full-scale vehicle crash tests. The two full-scale crash tests are noted 

below: 

1. Test Designation No. 3-10 consists of a 2,425-lb (1,100-kg) passenger car impacting 
the system at a nominal speed and angle of 62 mph (100 km/h) and 25 degrees, 
respectively. 

 
2. Test Designation No. 3-11 consists of a 5,000-lb (2,268-kg) pickup truck impacting 

the system at a nominal speed and angle of 62 mph (100 km/h) and 25 degrees, 
respectively. 

 
The test conditions of TL-3 longitudinal barriers are summarized in Table 1. 

Table 1. MASH TL-3 Crash Test Conditions 

Test 
Article 

Test 
Designation 

No. 

Test 
Vehicle 

Impact Conditions 
Evaluation 
Criteria 1 

Speed Angle 
(deg) mph km/h 

Longitudinal 
Barrier 

3-10 1100C 62 100 25 A,D,F,H,I 

3-11 2270P 62 100 25 A,D,F,H,I 
1 Evaluation criteria explained in Table 2. 

 

3.2 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 longitudinal barrier to contain and 
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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. 

Vehicle trajectory after collision is a measure of the potential for the post-impact trajectory of the 

vehicle to result in a secondary collision with other vehicles and/or fixed objects, thereby 

increasing the risk of injury to the occupant of the impacting vehicle and/or other vehicles. These 

evaluation criteria are summarized in Table 2 and defined in greater detail in MASH. The full-

scale vehicle crash tests were conducted and reported in accordance with the procedures 

provided in MASH. 

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 on the test summary sheet. Additional discussion on PHD, THIV 

and ASI is provided in MASH. 

3.3 Soil Strength Requirements 

In order to limit the variation of soil strength among testing agencies, foundation soil 

must satisfy the recommended performance characteristics set forth in Chapter 3 and Appendix 

B of MASH. Testing facilities must first subject the designated soil to a dynamic post test to 

demonstrate a minimum dynamic load of 7.5 kips (33.4 kN) at deflections between 5 and 20 in. 

(127 and 508 mm). If satisfactory results are observed, a static test is conducted using an 

identical test installation. The results from this static test become the baseline requirement for 

soil strength in future full-scale crash testing in which the designated soil is used. An additional 

post installed near the impact point is statically tested on the day of the full-scale crash test in the 

same manner as used for the baseline static test. The full-scale crash test can be conducted only if 

the static test results show a soil resistance equal to or greater than 90 percent of the baseline test 
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at deflections of 5, 10, and 15 in. (127, 254, and 381 mm). Otherwise, the crash test must be 

postponed until the soil demonstrates adequate post-soil strength.  

Table 2. MASH Evaluation Criteria for Longitudinal Barrier 

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 5.3 and Appendix E of MASH. 

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 A5.3 of 
MASH 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 A5.3 of MASH for calculation procedure) should satisfy the 
following limits: 

 Occupant Ridedown Acceleration Limits  

Component Preferred Maximum 

Longitudinal and Lateral 15.0 g’s 20.49 g’s 
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4 TEST CONDITIONS 

4.1 Test Facility 

The testing facility is located at the Lincoln Air Park on the northwest side of the Lincoln 

Municipal Airport and is approximately 5 miles (8.0 km) northwest of the University of 

Nebraska-Lincoln. 

4.2 Vehicle Tow and Guidance System 

A reverse cable tow system with a 1:2 mechanical advantage was used to propel the test 

vehicle. The distance traveled and the speed of the tow vehicle was one-half that of the test 

vehicle. The test vehicle was released from the tow cable before impact with the barrier system. 

A digital speedometer on the tow vehicle increased the accuracy of the test vehicle impact speed. 

A vehicle guidance system developed by Hinch [11] was used to steer the test vehicle. A 

guide flag, attached to the left-front wheel and the guide cable, was sheared off before impact 

with the barrier system. The ⅜-in. (9.5-mm) diameter guide cable was tensioned to 

approximately 3,500 lb (15.6 kN) and supported both laterally and vertically every 100 ft (30.5 

m) by hinged stanchions. The hinged stanchions stood upright while holding up the guide cable, 

but as the vehicle was towed down the line, the guide flag struck and knocked each stanchion to 

the ground. 

4.3 Test Vehicles 

For test no. MGSNB-1, a 2004 Dodge Ram Quad Cab 1500 was used as the test vehicle. 

The curb, test inertial, and gross static vehicle weights were 4,955 lb (2,248 kg), 5,011 lb (2,273 

kg), and 5,181 lb (2,350 kg), respectively. The test vehicle is shown in Figure 24, and vehicle 

dimensions are shown in Figure 25. 

For test no. MGSNB-2, a 2005 Kia Rio was used as the test vehicle. The curb, test 

inertial, and gross static vehicle weights were 2,375 lb (1,077 kg), 2,408 lb (1,092 kg), and 2,578 
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lb (1,169 kg), respectively. The test vehicle is shown in Figure 26, and vehicle dimensions are 

shown in Figure 27. 

The longitudinal component of the center of gravity (c.g.) was determined using 

measured axle weights. The Suspension Method [12] was used to determine the vertical 

component of the c.g. for the pickup truck. This method is based on the principle that the c.g. of 

any freely suspended body is in the vertical plane through the point of suspension. The vehicle 

was suspended successively in three positions, and the respective planes containing the c.g. were 

established. The intersection of these planes pinpointed the final c.g. location for the test inertial 

condition. The location of the final centers of gravity are shown in Figures 24 through 29. Data 

used to calculate the location of the c.g. and ballast information are shown in Appendix B. 

Square, black and white-checkered targets were placed on the vehicle to aid in the 

analysis of the high-speed videos, as shown in Figures 28 and 29. Round, checkered targets were 

placed on the center of gravity on the left-side door, the right-side door, and the roof of the 

vehicle. The remaining targets were located so that they could be viewed from the high-speed 

cameras and used as reference points for video analysis. 

The front wheels of the test vehicle were aligned for camber, caster, and toe-in values of 

zero so that the vehicles would track properly along the guide cable. A 5B flash bulb was 

mounted under the right-side windshield wiper and was fired by a pressure tape switch mounted 

at the impact corner of the bumper. The flash bulb was fired upon initial impact with the test 

article to create a visual indicator of the precise time of impact on the high-speed videos. A 

remote controlled brake system was installed in the test vehicle so the vehicle could be brought 

safely to a stop after the test. 
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Figure 24. Test Vehicle, Test No. MGSNB-1 
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Figure 25. Vehicle Dimensions, Test No. MGSNB-1 



January 24, 2013 
MwRSF Report No. TRP-03-262-12 

35 

 
 

 
 

 
 

Figure 26. Test Vehicle, Test No. MGSNB-2 
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Figure 27. Vehicle Dimensions, Test No. MGSNB-2 
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Figure 28. Target Geometry, Test No. MGSNB-1 



January 24, 2013 
MwRSF Report No. TRP-03-262-12 

38 

 
 

Figure 29. Target Geometry, Test No. MGSNB-2 
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4.4 Simulated Occupant 

For test no. MGSNB-1 and MGSNB-2, a Hybrid II 50th Percentile Adult Male Dummy, 

equipped with clothing and footwear, was placed in the right-front seat of the test vehicle with 

the seat belt fastened. The dummy, which had a final weight of 170 lb (77 kg), was represented 

by model no. 572, serial no. 451, and was manufactured by Android Systems of Carson, 

California. As recommended by MASH, the weight of the dummy was not included in 

calculating the c.g location. 

4.5 Data Acquisition Systems 

4.5.1 Accelerometers 

Three environmental shock and vibration sensor/recorder systems were used to measure 

the accelerations in the longitudinal, lateral, and vertical directions. All of the accelerometers 

were mounted near the center of gravity of the test vehicles.  

The first accelerometer system was a two-arm piezoresistive accelerometer system 

manufactured by Endevco of San Juan Capistrano, California. Three accelerometers were used to 

measure each of the longitudinal, lateral, and vertical accelerations independently at a sample 

rate of 10,000 Hz. The accelerometers were configured and controlled using a system developed 

and manufactured by Diversified Technical Systems, Inc. (DTS) of Seal Beach, California. More 

specifically, data was collected using a DTS Sensor Input Module (SIM), Model TDAS3-SIM-

16M. The SIM was configured with 16 MB SRAM and 8 sensor input channels with 250 kB 

SRAM/channel. The SIM was mounted on a TDAS3-R4 module rack. The module rack was 

configured with isolated power/event/communications, 10BaseT Ethernet and RS232 

communication, and an internal backup battery. Both the SIM and module rack were 

crashworthy. The “DTS TDAS Control” computer software program and a customized Microsoft 

Excel worksheet were used to analyze and plot the accelerometer data. 
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The second system, Model EDR-3, was a triaxial piezoresistive accelerometer system 

manufactured by IST of Okemos, Michigan. The EDR-3 was configured with 256 kB of RAM, a 

range of ±200 g’s, a sample rate of 3,200 Hz, and a 1,120 Hz low-pass filter. The “DynaMax 1 

(DM-1)” computer software program and a customized Microsoft Excel worksheet were used to 

analyze and plot the accelerometer data. 

4.5.2 Rate Transducers 

An angular rate sensor, the ARS-1500, with a range of 1,500 degrees/sec in each of the 

three directions (roll, pitch, and yaw) was used to measure the rates of rotation of the test 

vehicles. The angular rate sensor was mounted on an aluminum block inside the test vehicle near 

the center of gravity and recorded data at 10,000 Hz to the SIM. The raw data measurements 

were then downloaded, converted to the proper Euler angles for analysis, and plotted. The “DTS 

TDAS Control” computer software program and a customized Microsoft Excel worksheet were 

used to analyze and plot the angular rate sensor data. 

A second system, an Analog Systems 3-axis rate transducer with a range of 1,200 

degrees/sec in each of the three directions (roll, pitch, and yaw), was used to measure the rates of 

motion of the test vehicles. The rate transducer was mounted inside the body of the EDR-4 

6DOF-500/1200 and recorded data at 10,000 Hz to a second data acquisition board inside the 

EDR-4 6DOF-500/1200 housing. The raw data measurements were then downloaded, converted 

to the appropriate Euler angles for analysis, and plotted. The “EDR4COM” and “DynaMax 

Suite” computer software programs and a customized Microsoft Excel worksheet were used to 

analyze and plot the angular rate transducer data. 

4.5.3 Pressure Tape Switches 

For test nos. MGSNB-1 and MGSNB-2, five pressure-activated tape switches, spaced at 

approximately 6.56 ft (2 m) intervals, were used to determine the speed of the vehicle before 
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impact. Each tape switch fired a strobe light, which sent an electronic timing signal to the data 

acquisition system as the right-front tire of the test vehicle passed over it. Test vehicle speeds 

were determined from electronic timing mark data recorded using TestPoint and LabVIEW 

computer software programs. Strobe lights and high-speed video analysis are used only as a 

backup in the event that vehicle speed cannot be determined from the electronic data. 

4.5.4 Digital Cameras 

Three AOS VITcam high-speed digital video cameras, three AOS X-PRI high-speed 

digital video cameras, four JVC digital video cameras, and two Canon digital video cameras 

were utilized to film test no. MGSNB-1. Camera details, camera operating speeds, lens 

information, and a schematic of the camera locations relative to the system are shown in Figure 

30. 

Four AOS VITcam high-speed digital video cameras, three AOS X-PRI high-speed 

digital video cameras, four JVC digital video cameras, and two Canon digital video cameras 

were utilized to film test no. MGSNB-2. Camera details, camera operating speeds, lens 

information, and a schematic of the camera locations relative to the system are shown in Figure 

31. 

The high-speed videos were analyzed using the ImageExpress MotionPlus and RedLake 

MotionScope software programs. Actual camera speed and camera divergence factors were 

considered in the analysis of the high-speed digital videos. A Nikon D50 digital still camera was 

also used to document pre-test and post-test conditions for the tests. 
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 No. Type 
Operating Speed 

(frames/sec) 
Lens Lens Setting 

H
ig

h-
S

pe
ed

 
V

id
eo

 

1 AOS Vitcam CTM 500 Osawa 28-80 80 
2 AOS Vitcam  500 Cosmicar 12.5 mm fixed - 
4 AOS Vitcam 500 Cannon 17-102 mm 20 
5 AOS X-PRI  500 Fujinon 50 mm fixed - 
6 AOS X-PRI 500 Sigma 50 mm fixed - 
7 AOS X-PRI 500 Sigma 24-135 135 

D
ig

it
al

 V
id

eo
 1 JVC – GZ-MC500 (Everio) 29.97   

2 JVC – GZ-MG27u (Everio) 29.97   
3 JVC – GZ-MG27u (Everio) 29.97   
4 JVC – GZ-MG27u (Everio) 29.97   
1 Canon ZR90 29.97   
2 Canon ZR10 29.97   

 
Figure 30. Camera Locations, Speeds, and Lens Settings, Test No. MGSNB-1 
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 No. Type 
Operating Speed 

(frames/sec) 
Lens Lens Setting 

H
ig

h-
S

pe
ed

 
V

id
eo

 

1 Vitcam CTM 500 Cosmicar 12.5 mm fixed - 
2 AOS Vitcam  500 Kowa 8 mm fixed - 
4 AOS Vitcam  500 Sigma 24 mm-135 mm 100 
5 AOS X-PRI 500 Fuji 50 mm fixed - 
6 AOS X-PRI 500 Sigma 50 mm fixed - 
7 AOS X-PRI 500 Canon 17 mm – 102 mm 102 

D
ig

it
al

 V
id

eo
 1 JVC – GZ-MC500 (Everio) 29.97   

2 JVC – GZ-MG27u (Everio) 29.97   
3 JVC – GZ-MG27u (Everio) 29.97   
4 JVC – GZ-MG27u (Everio) 29.97   
1 Canon ZR90 29.97   
2 Canon ZR10 29.97   

 
Figure 31. Camera Locations, Speeds, and Lens Settings, Test No. MGSNB-2 
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5 FULL SCALE CRASH TEST NO. MGSNB-1 

5.1 Static Soil Test 

Before full-scale test no. MGSNB-1 was conducted, the strength of the foundation soil 

was evaluated with a static test, as described in MASH. The static test results, as shown in 

Appendix C, demonstrated a soil resistance above the baseline test limits. Thus, the soil provided 

adequate strength, and full-scale crash testing could be conducted on the barrier system. 

5.2 Test No. MGSNB-1 

The 5,181-lb (2,350-kg) pickup truck impacted the non-blocked MGS at a speed of 62.7 

mph (100.9 km/h) and at an angle of 24.7 degrees. A summary of the test results and sequential 

photographs are shown in Figure 32. Additional sequential photographs are shown in Figures 33 

through 34. Documentary photographs of the crash test are shown in Figures 35 and 36. 

5.3 Weather Conditions 

Test no. MGSNB-1 was conducted on May 17, 2011 at approximately 2:30 pm. The 

weather conditions as per the National Oceanic and Atmospheric Administration (station 

14939/LNK) were reported as shown in Table 3. 

Table 3. Weather Conditions, Test No. MGSNB-1 

Temperature 71° F 
Humidity 93% 
Wind Speed 7.6 mph 
Wind Direction 130° from True North 
Sky Conditions Overcast 
Visibility 10 miles 
Pavement Surface Dry  
Previous 3-Day Precipitation  0.00 in. 
Previous 7-Day Precipitation  0.77 in. 
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5.4 Test Description 

Initial vehicle impact was to occur 13 ft – 3½ in. (4.1 m) upstream of the centerline of 

post no. 15, as shown in Figure 37, which was selected using the critical impact point (CIP) plots 

found in Section 2.3 of MASH. The actual point of impact was the intended impact point. A 

sequential description of the impact events is contained in Table 4. The vehicle came to rest 

located 190 ft – 4 in. (58.0 m) downstream from impact and 51 ft (15.6 m) laterally behind the 

traffic-side face of the rail. The vehicle trajectory and final position are shown in Figures 32 and 

38. 

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

Time 
(sec) 

EVENT 

0.000 
The right-front corner of the vehicle impacted the traffic-side face of the guardrail at 
the intended impact location.  

0.008 Post no. 13 deflected backward, and the right-front fender deformed. 

0.014 
The right-front quarter panel deformed inward, and post no. 14 deflected downstream 
and backward. 

0.016 Vehicle right front tire contacted backside of Post no. 13 

0.022 
A buckle point formed in the rail upstream of post no. 14, the rail began to deform 
downstream of post no. 13, and post no. 15 deflected downstream and backward. 

0.028 
The rail flattened at the midspan between post nos. 13 and 14, and the vehicle began to 
redirect. 

0.034 
A buckle point formed in the rail at the midspan of post nos. 14 and 15 and 
downstream of post no. 14, post nos. 9 through 12 deflected downstream, and post nos. 
16 through 18 deflected upstream. 

0.044 The rail deflected forward at the end terminal, and post no. 14 twisted upstream. 
0.052 A buckle point formed in the rail upstream of post no. 15. 
0.066 Post no. 14 separated from rail. 

0.068 
A buckle point in the rail downstream of post nos. 13 and 15 and post no. 15 twisted 
upstream. 

0.076 The right-side door contacted the rail. 
0.080 Vehicle right front tire overlapped Post no. 14 

0.092 
The right-front tire was contacting Post no. 14; a buckle point formed in the rail 
upstream of post no. 16, and the vehicle began to yaw away from the barrier. 

0.100 The right-front tire contacted with post no. 14 and snagged, causing disconnection.  
0.112 Post no. 14 bent to the ground as the right-front tire overrode it. 
0.122 The right-front door became ajar. 
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0.128 The right-front window shattered due to contact of the surrogate occupant’s head. 
0.134 Post no. 15 separated from rail. 
0.138 A buckle point formed in the rail downstream of post no. 16. 
0.176 The right-front tire contacted post no. 15 and the rail disengaged from post no. 15. 
0.186 The right-front tire disengaged from the vehicle. 
0.192 The right-rear quarter panel contacted the rail. 
0.200 The vehicle yawed away from the system. 
0.224 The left-rear tire became airborne as the vehicle rolled toward the barrier. 
0.238 The left-front tire was airborne. 
0.248 The vehicle became parallel to the system with a velocity of 47.9 mph (77.1 km/h). 
0.300 The vehicle continued to yaw away from the barrier. 
0.400 The tires on the left side remained airborne as the vehicle began to exit the system. 
0.500 The vehicle ceased ds yaw and began to roll away from the barrier. 

0.504 
The vehicle exited the system at a speed of 47.4 mph (76.3 km/h) and at an angle of 
14.4 degrees. 

0.600 The vehicle pitched downward. 
0.646 The left-front tire contacted the ground. 
0.792 The left-rear tire contacted the ground. 

 

5.5 Barrier Damage 

Damage to the barrier was moderate, as shown in Figures 39 through 42. Barrier damage 

consisted of deformed W-beam rail, deformed posts, and contact marks on sections of guardrail 

and posts. The length of vehicle contact along the barrier was approximately 23 ft – 6 in. (7.2 m) 

which spanned from 21 in. (533 mm) upstream of the centerline of post no. 13 to 41¾ in. (1,060 

mm) downstream of the centerline of post no. 16.  

Deformation, flattening, and kinking of the W-beam guardrail occurred between post nos. 

12 and 16. The splices located between post nos. 12 and 13 and post nos. 14 and 15 encountered 

slip of 3/8 in. (10 mm) and less than 1/8 in. (3 mm), respectively. The W-beam guardrail was 

detached from post nos. 14 and 15 as the bolt head was pulled through the rail. Vertical tears 

occurred on both the upstream and downstream sides of the post bolt slots at post nos. 14 and 15. 

The post bolt slot at post no. 16 yielded around the post bolt. 
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Post nos. 12 through 17 rotated backward. Post no. 14 also bent downstream, and post no. 

15 rotated downstream. Tire marks and scratches were observed on the front face of post nos. 13 

and 14 just below the rail. The front flange of post no. 14 buckled 15 in. (381 mm) from the top, 

and the post twisted such that the front flange faced upstream. The upstream edge of the front 

flange of post no. 15 encountered tire marks and buckle points at 15 in. (381 mm) and 24 in. (610 

mm) from the top of the post. The front flange of post no. 16 twisted upstream. A gouge was 

found on the upstream edge of the front flange of post no. 16 at 22 ¾ in. (578 mm) from the top 

of the post. 

The W-beam backup plate at post no. 14 disengaged and the top corrugation was 

deformed. The bottom corrugation of the W-beam backup plate at post no. 15 was buckled. A 

1¼-in. (32-mm) gap between the top of the backup plate and the rail section was formed at post 

no. 16. A ½-in (13-mm) gap between the backup plate and the top of the rail section was found at 

post no. 17. 

The maximum lateral permanent set rail and deflections were 19 ⅜ in. (492 mm) at the 

midspan between post nos. 14 and 15 and 19 ⅜ in. (492 mm) at post no. 15, respectively, as 

measured at the test site. The maximum lateral dynamic rail and post deflections were 34.1 in. 

(867 mm) at the midspan between post nos. 14 and 15 and 30.5 in (775 mm) at post no. 14, 

respectively, as determined from high-speed digital video analysis. The working width of the 

system was 43.2 in. (1,097 mm), also determined from high-speed digital video analysis. 

5.6 Vehicle Damage 

Damage to the vehicle was moderate, as shown in Figures 44 and 45. The maximum 

occupant compartment deformations are listed in Table 5 along with the deformation limits 

established in MASH for various areas of the occupant compartment. None of the MASH 
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established deformation limits were violated. Complete occupant compartment and vehicle 

deformations and the corresponding locations are provided in Appendix D. 

Table 5. Maximum Occupant Compartment Deformations by Location 

LOCATION 
MAXIMUM 

DEFORMATION 
in. (mm) 

MASH ALLOWABLE 
DEFORMATION 

in. (mm) 

Wheel Well & Toe Pan ¾ (19) ≤ 9  (229) 

Floor Pan & Transmission Tunnel ¾ (19) ≤ 12  (305) 

Side Front Panel (in Front of A-Pillar) ½ (13) ≤ 12  (305) 

Side Door (Above Seat) 1¼ (32) ≤ 9  (229) 

Side Door (Below Seat) 1 (25) ≤ 12  (305) 

Roof NA ≤ 4  (102) 

Windshield NA ≤ 3  (76) 
 

The majority of the damage was concentrated on the right-front corner and right side of 

the vehicle. The right-front tire was detached from the vehicle at the ball joint. The right-front 

tire was torn, and the steel rim was scratched and deformed. The right-front lower control arm 

fractured at the tie rod. The right-front tie rod and sway bar linkage were bent. The right-front 

wheel well was deformed inward and downward, and the right-front fender was bent inward. The 

right-side headlight was disengaged from the vehicle and fractured. The right-side of the front 

bumper was deformed inward toward the engine compartment. The left side of the front bumper 

was scraped, and a 1¾-in. (44-mm) gap was found between the front bumper and the left-side 

headlight. The lower portion of the center of the grill was fractured. The left side of the hood was 

ajar 1 in. (25 mm). The left-front wheel well was torn. The right side of the rear bumper was 

deformed and deflected downward 3½ in. (89 mm). The right side of the box rotated outward at 

the top and crushed inward at the bottom. The right-rear tire was torn and deflated. Deformations 

and contact marks extended along the entire right side of the vehicle. Both right-side doors were 
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ajar at the top. The right-front door was crushed inward at the bottom. The right-front door 

window was shattered, and the mirror glass was disengaged. All other window glass remained 

undamaged.  

5.7 Occupant Risk 

The calculated occupant impact velocities (OIVs) and maximum 0.010-sec occupant 

ridedown accelerations (ORAs) in both the longitudinal and lateral directions are shown in Table 

6. Note that the OIVs and ORAs were within the suggested limits provided in MASH. The 

calculated THIV, PHD, and ASI values are also shown in Table 6. The results of the occupant 

risk analysis, as determined from the accelerometer data, are summarized in Figure 32. The 

recorded data from the accelerometers and the rate transducers are shown graphically in 

Appendix E. Due to technical difficulties, the EDR-4 unit did not collect acceleration data, but 

the EDR-4 did collect angular data from the rate transducer. 

Table 6. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. MGSNB-1 

Evaluation Criteria 
Transducer MASH 

Limits EDR-3 DTS 

OIV 
ft/s (m/s) 

Longitudinal -19.40 (-5.91) -17.13 (-5.22) ≤ 40 (12.2) 

Lateral -17.22 (-5.25) -18.67 (-5.69) ≤40 (12.2) 

ORA 
g’s 

Longitudinal -11.20 -11.49 ≤ 20.49 

Lateral -8.51 -12.91 ≤ 20.49 

THIV 
ft/s (m/s) 

NA 24.09 (7.34) not required 

PHD 
g’s 

NA 14.0 not required 

ASI 0.86 0.90 not required 
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5.8 Discussion 

The analysis of the test results for test no. MGSNB-1 showed that the non-blocked MGS 

adequately contained and redirected the 2270P vehicle with controlled lateral displacements of 

the barrier. There were no detached elements nor fragments which showed potential for 

penetrating the occupant compartment nor presented undue hazard to other traffic. Deformations 

of, or intrusions into, the occupant compartment that could have caused serious injury did not 

occur. The test vehicle did not penetrate nor ride over the barrier and remained upright during 

and after the collision. Vehicle roll, pitch, and yaw angular displacements, as shown in Appendix 

E, were deemed acceptable because they did not adversely influence occupant risk safety criteria 

nor cause rollover. After impact, the vehicle exited the barrier at an angle of 14.4 degrees and its 

trajectory did not violate the bounds of the exit box. Therefore, test no. MGSNB-1 conducted on 

the non-blocked MGS was determined to be acceptable according to the MASH safety 

performance criteria for test designation no. 3-11. 
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 Test Agency ............................................................................................ MwRSF 
 Test Number ........................................................................................ MGSNB-1 
 Date  ................................................................................................... 5/17/2011 
 MASH Test Designation ............................................................................... 3-11 
 Test Article ............................................................................ Non-Blocked MGS 
 Total Length  ..................................................................... 181 ft - 3 in. (55.3 m) 
 Key Component – Steel MGS Rail  

 Thickness ................................................................... 12 gauge (2.66 mm) 
 Top Mounting Height ...................................................... 31 in. (787 mm) 

 Key Component – Steel Posts 
 Post Type ............................... W6x8.5 by 6’ (W152x12.6 by 1,829 mm ) 
 Post Spacing ................................................................. 75 in. (1,905 mm) 

 Key Component – Steel W-beam Backup Plates 
 Thickness ................................................................... 12 gauge (2.66 mm) 
 Length .............................................................................. 12 in. (305 mm) 

 Soil Type ............................................. Grading B - AASHTO M 147-65 (1990) 
 Vehicle Make /Model.................................... 2004 Dodge Ram 1500 Quad Cab 

  Curb ...........................................................................  4,955 lb (2,248 kg) 
  Test Inertial ...............................................................  5,011 lb (2,273 kg) 
  Gross Static ................................................................ 5,181 lb (2,350 kg) 

 Impact Conditions 
 Speed  ................................................................... 62.7 mph (100.9 km/h) 
 Angle  .......................................................................................... 24.7 deg 

  Impact Location ................. 14 ft - 3 in. (4.3 m) upstream of Post No. 15 
 Exit Conditions 

 Speed  ..................................................................... 47.4 mph (76.3 km/h) 
  Angle  .......................................................................................... 14.4 deg 

 Exit Box Criterion ......................................................................................... Pass 
 Vehicle Stability ................................................................................ Satisfactory 
 Vehicle Stopping Distance ......................... 197 ft – 11 in. (60.3 m) downstream 

  33 ft – 6 in. (10.2 m) laterally behind 
 

 Vehicle Damage .......................................................................... Moderate 
  VDS[13] ............................................................................. 01-RFQ-4 
  CDC[14] ......................................................................... 01-RYEW-3 
  Maximum Interior Deformation ............................. 1¼ in. (32 mm) 
 Test Article Damage .................................................................... Moderate 
 Test Article Deflections 
  Permanent Set .................................................. 19 3/8 in. (492 mm) 
  Dynamic ............................................................. 34.1 in. (867 mm) 
  Working Width ................................................ 43.2 in. (1,097 mm) 
 Maximum Angular Displacements 
  Roll ................................................................................ 15.7° < 75° 
  Pitch ................................................................................. 5.3° < 75° 
  Yaw.......................................................................................... 50.6° 
 Impact Severity (IS)..............115.1 kip-ft (156.1 kJ) > 106 kip-ft (144 kJ) 
 Transducer Data 

Evaluation Criteria 
Transducer MASH       

Limit EDR-3 DTS 

OIV 
ft/s  

(m/s) 

Longitudinal -19.40 (-5.91) -17.13 (-5.22) 
≤ 40 

(12.2) 

Lateral -17.22 (-5.25) -18.67 (-5.69) 
≤ 40 

(12.2) 

ORA 
g’s 

Longitudinal -11.20 -11.49 ≤ 20.49 

Lateral -8.51 -12.91 ≤ 20.49 

THIV – ft/s (m/s) NA 24.09 (7.34) 
not 

required 

PHD – g’s NA 14.0 
not 

required

ASI 0.86 0.90 
not 

required
 

Figure 32. Summary of Test Results and Sequential Photographs, Test No. MGSNB-1 

0.000 sec 0.060 sec 0.120 sec 0.180 sec 0.240 sec
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Figure 33. Additional Sequential Photographs, Test No. MGSNB-1 
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Figure 34. Additional Sequential Photographs, Test No. MGSNB-1 
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Figure 35. Documentary Photographs, Test No. MGSNB-1 
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Figure 36. Documentary Photographs, Test No. MGSNB-1 
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Figure 37. Impact Location, Test No. MGSNB-1 
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Figure 38. Vehicle Final Position and Trajectory Marks, Test No. MGSNB-1 
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Figure 39. System Damage, Test No. MGSNB-1
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Figure 40. Guardrail Damage between Post Nos. 13 and 17, Test No. MGSNB-1 
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Figure 41. Guardrail Damage between Post Nos. 13 and 17, Test No. MGSNB-1
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Figure 42. Post Damage between Post Nos. 13 and 15, Test No. MGSNB-1 
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Figure 43. Post Damage between Post Nos. 16 and 17, Test No. MGSNB-1 
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Figure 44. Vehicle Damage, Test No. MGSNB-1 
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Figure 45. Vehicle Damage, Test No. MGSNB-1
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6 FULL SCALE CRASH TEST NO. MGSNB-2 

6.1 Static Soil Test 

Before full-scale test no. MGSNB-2 was conducted, the strength of the foundation soil 

was evaluated with a static test, as described in MASH. The static test results, as shown in 

Appendix C, demonstrated a soil resistance above the baseline test limits. Thus, the soil provided 

adequate strength, and full-scale crash testing could be conducted on the barrier system. 

6.2 Test No. MGSNB-2 

The 2,578-lb (1,169-kg) small car impacted the non-blocked MGS at a speed of 63.0 mph 

(101.4 km/h) and at an angle of 25.5 degrees. A summary of the test results and sequential 

photographs are shown in Figure 46. Additional sequential photographs are shown in Figures 47 

through 49. Documentary photographs of the crash test are shown in Figures 50 and 51. 

6.3 Weather Conditions 

Test no. MGSNB-2 was conducted on June 15, 2011 at approximately 5:00 pm. The 

weather conditions as per the National Oceanic and Atmospheric Administration (station 

14939/LNK) were reported and are shown in Table 7. 

Table 7. Weather Conditions, Test No. MGSNB-2 

Temperature 86° F 
Humidity 93 % 
Wind Speed 8.3 mph 
Wind Direction 310° from True North 
Sky Conditions Sunny  
Visibility 10 miles 
Pavement Surface Dry  
Previous 3-Day Precipitation  0.12 in. 
Previous 7-Day Precipitation  0.21 in. 
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6.4 Test Description 

Initial vehicle impact was to occur 9 ft – 3½ in. (2.8 m) upstream of the center line of 

post no. 15, as shown in Figure 52, which was selected using the CIP plots found in Section 2.3 

of MASH. The actual point of impact was 4¼ in. (108 mm) downstream of the intended impact 

point. A sequential description of the impact events is contained in Table 8. The vehicle came to 

rest in contact with the barrier system 78 ft – 9 in. (24.0 m) downstream of the impact point. The 

vehicle trajectory and final position are shown in Figure 53. 

Table 8. Sequential Description of Impact Events, Test No. MGSNB-2 

Time 
(sec) 

EVENT  

0.000 
The right-front fender impacted the bottom corrugation of the W-beam 4¼ in. (108 
mm) downstream of the intended impact location. 

0.008 
Post no. 14 and the rail deflected backward at the point of impact, and the right-front 
corner of the hood protruded over the rail. 

0.018 
Post no. 13 deflected backward, and the right-front bumper contacted the upstream 
edge of the front flange of Post no. 14. 

0.024 Post no. 15 deflected laterally backward. 
0.028 Right side of the bumper shroud tore. 

0.030 
The right-front corner of the hood crushed inward, and Post no. 12 deflected 
downstream. 

0.036 
Post nos. 9 through 11 deflected downstream, and the right-front tire contacted the 
upstream edge of the front flange of Post no. 14. 

0.046 
Post no. 14 twisted upstream, and the right-front wheel rotated such that the front of 
the tire moved out and the rear of the tire moved in. 

0.054 
The rail disengaged from Post no. 14, the rail flattened at impact, the right side of the 
vehicle’s roof dented inward, the right front tire contacted the rear of the wheel well, 
and the right-front quarter panel deformed outward behind the right-front wheel well. 

0.064 The right-front tire became airborne. 
0.074 The vehicle pitched downward and rolled away from the barrier. 
0.080 Post no. 16 deflected laterally backward. 

0.092 
The center of the front bumper contacted the front flange of Post no. 15, and the left 
headlight disengaged. 

0.096 Post no. 16 separated from rail; vehicle rolled toward the barrier. 
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0.102 
The vehicle yawed away from the barrier. The rail disengaged from Post no. 15; 
vehicle right front tire was overriding Post no. 15. 

0.112 Post no. 15 bent downstream. 
0.120 The left side of the bumper shroud contacted the ground. 
0.126 Post no. 17 deflected backward. 

0.134 
The right-rear tire became airborne, Post no. 16 began to be pulled out of the ground, 
and the vehicle pitched upward. 

0.148 The right side of the windshield cracked. 
0.176 The upper-right corner of the front windshield separated from the liner. 
0.182 Post no. 18 deflected backward. 
0.190 The left side of the bumper shroud lost contact with the ground. 
0.208 The right side of the bumper contacted the upstream side of Post no. 16. 
0.236 The vehicle ceased pitching, and Post no.16 was pulled out of the ground. 
0.308 The right-rear tire contacted the ground. 

0.336 
The right-front corner of the vehicle contacted Post no. 17, and Post no. 17 twisted 
upstream. 

0.358 
The right-front tire contacted the ground, the vehicle ceased rolling, and the rail 
disengaged from Post no. 17. 

0.404 
The vehicle exited the system at a speed of 25.7 mph (41.4 km/h) and at an angle of 
19.1 degrees as the right-front corner of the vehicle lost contact with the rail between 
Post nos. 17 and 18. 

0.448 The vehicle yawed toward the barrier. 

2.290 
The right-front corner of the hood contacted the rail during a secondary impact just 
upstream of Post no. 25. 

2.532 The vehicle yawed away from the barrier. 
2.630 The right-front tire contacted Post no. 26 and disengaged from the vehicle. 
2.736 The right-front quarter panel behind the right-front tire contacted the ground. 

4.000 
The vehicle came to rest 78 ft-9 in. (24.0 m) downstream of impact while still in 
contact with the barrier. 

 

6.5 Barrier Damage 

Damage to the barrier was moderate, as shown in Figures 54 through 56. Barrier damage 

consisted of deformed W-beam rail, deformed posts, and contact marks on sections of guardrail 

and posts. The length of vehicle contact along the barrier was approximately 20 ft – 7¼ in. (6.3 

m) which spanned from 2 ft – 8¼ in. (0.8 m) upstream from the center of post no. 14 to 10 in. 

(254 mm) upstream from the center of post no. 17. Secondary vehicle contact was 9 ft – 10 in. 
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(3.0 m) long which spanned from 22 in. (559 mm) upstream of the centerline of post no. 25 to 21 

in. (533 mm) downstream of the center line of post no. 26. 

Deformations and flattening of the guardrail occurred between post nos. 12 and 18. The 

bottom corrugation of the rail was deformed upward between post nos. 14 and 17. The top 

corrugation was flattened between post nos. 14 and 16.  

The W-beam guardrail was detached from post nos. 14 through 17. The guardrail bolt 

head was pulled through the rail at post nos. 14 through 16. However, the guardrail bolt at post 

no. 17 disengaged from the post and remained attached to the rail. Tears occurred on the 

downstream side of the post bolt slots at post nos. 14 and 16. The splices located between post 

nos. 12 and 13 and post nos. 14 and 15 encountered slip of ¾ and ¼ in. (19 and 6 mm), 

respectively. 

Post nos. 11 and 12 twisted slightly downstream. Post no. 13 rotated backward leaving a 

2½-in. (64-mm) wide soil gap at the front face of the post. The guardrail bolt tore through the 

front flange of post nos. 15 through 17. Post nos. 14 and 16 pulled completely out of the ground. 

Post no. 14 bent downstream to 60 degrees, encountered a 1½-in. (38-mm) long tear in the front 

flange, and came to rest against the base of post no. 15. Post no. 15 bent downstream to lying flat 

on the ground. Post no. 16 came to rest near the base of post no. 17. Post no. 17 bent and twisted 

downstream.  

The W-beam backup plate at post nos. 14 through 16 disengaged from the system. The 

W-beam backup plate from post no. 14 was deformed about the middle of the corrugations. The 

W-beam backup plate from post no. 15 twisted. The bottom corrugation of the W-beam backup 

plate from post no. 16 was deformed and buckled. The W-beam backup plate at post no. 17 

remained attached to the rail with the bottom corrugation buckled. The flange of post no. 17 tore 

and was found between the guardrail bolt head and the W-beam backup plate.  
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The maximum lateral permanent set rail and post deflections were 137/8 in. (352 mm) at 

post no. 15, and 137/8 in. (352 mm) at the midspan between post nos. 14 and 15, respectively as 

measured at the test site. The maximum lateral dynamic rail and post deflections were 29.1 in. 

(740 mm) at post no. 15, and 23.0 in. (584 mm) at the midspan between post nos. 14 and 15, 

respectively as determined from high-speed digital video analysis. The working width of the 

system was 34.5 in. (877 mm), also determined from high-speed digital video analysis. 

6.6 Vehicle Damage 

Damage to the vehicle was moderate, as shown in Figures 57 and 58. The maximum 

occupant compartment deformations are listed in Table 9 along with the deformation limits 

established in MASH for various areas of the occupant compartment. None of the MASH 

established deformation limits were violated. Complete occupant compartment and vehicle 

deformations and the corresponding locations are provided in Appendix D. 

Table 9. Maximum Occupant Compartment Deformations by Location 

LOCATION 
MAXIMUM 

DEFORMATION 
in. (mm) 

MASH ALLOWABLE 
DEFORMATION 

in. (mm) 

Wheel Well & Toe Pan ¾ (19) ≤ 9  (229) 

Floor Pan & Transmission Tunnel 1 (25) ≤ 12  (305) 

Side Front Panel (in Front of A-Pillar) 0 (0) ≤ 12  (305) 

Side Door (Above Seat) ¼ (6) ≤ 9  (229) 

Side Door (Below Seat) ½ (13) ≤ 12  (305) 

Roof 1¼ (32) ≤ 4  (102) 

Windshield 0 (0) ≤ 3  (76) 
 
 

The majority of the damage was concentrated on the right-front corner and right side of 

the vehicle. The right-front wheel assembly remained attached by only the brake line. The right-

front steel rim was dented and encountered a 5-in. (127-mm) long tear on the inside. The right-
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front tire was torn. The right-front fender was crushed inward, gouged, and buckled. Contact 

marks, 35-in. (889-m) long, extended along the right side of the vehicle beginning at the right-

front door. The right-front corner of the hood folded underneath itself. The right-side headlight 

was disengaged from the vehicle. The right-side A-pillar was buckled at its base. The right-side 

of the roof was crushed downward 1¼ in. (32 mm). The right-front door was ajar at the top. The 

front bumper cover was partially disengaged. The left-side headlight was only attached by its 

power cord. The radiator and right-side floor pan were dented. The lower-right corner of the 

windshield was cracked. All other window glass remained undamaged.  

6.7 Occupant Risk 

The calculated occupant impact velocities (OIVs) and maximum 0.010-sec occupant 

ridedown accelerations (ORAs) in both the longitudinal and lateral directions are shown in Table 

10. Note that the OIVs and ORAs were within the suggested limits provided in MASH. The 

calculated THIV, PHD, and ASI values are also shown in Table 10. The results of the occupant 

risk analysis, as determined from the accelerometer data, are summarized in Figure 46. The 

recorded data from the accelerometers and the rate transducers are shown graphically in 

Appendix F.  
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Table 10. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. MGSNB-2  

Evaluation Criteria 
Transducer MASH 

Limits EDR-3 DTS 

OIV 
ft/s (m/s) 

Longitudinal -31.17 (-9.81) -31.26 (-9.53) ≤ 40 (12.2) 

Lateral -15.46 (-4.71) -15.83 (-4.82) ≤40 (12.2) 

ORA 
g’s 

Longitudinal -10.47 -10.20 ≤ 20.49 

Lateral -6.03 -6.30 ≤ 20.49 

THIV 
ft/s (m/s) 

NA 34.65 (10.56) not required 

PHD 
g’s 

NA 10.21 not required 

ASI 0.97 1.04 not required 

 
 

6.8 Discussion 

The analysis of the test results for test no. MGSNB-2 showed that the non-blocked MGS 

adequately contained and redirected the 1100C vehicle with controlled lateral displacements of 

the barrier. There were no detached elements or fragments which showed potential for 

penetrating the occupant compartment nor presented undue hazard to other traffic. Deformations 

of, or intrusions into, the occupant compartment that could have caused serious injury did not 

occur. The test vehicle did not penetrate nor ride over the barrier and remained upright during 

and after the collision. Vehicle roll, pitch, and yaw angular displacements, as shown in Appendix 

F, were deemed acceptable because they did not adversely influence occupant risk safety criteria 

nor cause rollover. After impact, the vehicle exited the barrier at an angle of 19.1 degrees and its 

trajectory did not violate the bounds of the exit box. Therefore, test no. MGSNB-2 conducted on 

the non-blocked MGS was deemed acceptable according to the MASH safety performance 

criteria for test designation no. 3-10. 
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 Test Agency ............................................................................................ MwRSF 
 Test Number ........................................................................................ MGSNB-2 
 Date  ................................................................................................... 6/15/2011 
 MASH Test Designation ............................................................................... 3-10 
 Test Article ............................................................................ Non-Blocked MGS  
 Total Length  ..................................................................... 181 ft - 3 in. (55.3 m) 
 Key Component – Steel MGS 

 Thickness ................................................................... 12 gauge (2.66 mm) 
 Top Mounting Height ...................................................... 32 in. (813 mm) 

 Key Component – Steel Posts 
 Post Type ................................ W6x8.5 by 6’ (W152x12.6 by 1,829 mm) 
 Post Spacing ................................................................. 75 in. (1,905 mm) 

 Key Component – Steel W-beam Backup Plates 
 Thickness ................................................................... 12 gauge (2.66 mm) 
 Length .............................................................................. 12 in. (305 mm) 

 Soil Type ............................................. Grading B - AASHTO M 147-65 (1990) 
 Vehicle Make /Model...................................................................... 2005 Kia Rio 

  Curb ............................................................................ 2,375 lb (1,077 kg) 
  Test Inertial ...............................................................  2,408 lb (1,092 kg) 
  Gross Static ................................................................ 2,578 lb (1,169 kg) 

 Impact Conditions 
 Speed  ................................................................... 63.0 mph (101.4 km/h) 
 Angle  .......................................................................................... 25.5 deg 

  Impact Location ............. 8 ft - 11¼ in. (2.7 m) upstream of  Post No. 15 
 Exit Conditions 

 Speed  ..................................................................... 25.7 mph (41.4 km/h) 
  Angle  .......................................................................................... 19.1 deg 

 Exit Box Criterion ......................................................................................... Pass 
 Vehicle Stability ................................................................................ Satisfactory 
 Vehicle Stopping Distance ................................ 76 ft-9 in. (23.4 m) downstream 

  10 in. (0.3 M) laterally in front 
 

 Vehicle Damage 
  VDS[13] ...................................................................................... 01-RFQ-5 
  CDC[14] .................................................................................. 01-RYEW-4 
  Maximum Interior Deformation ...................................... 1¼ in. (32 mm) 
 Test Article Damage .................................................................................... Moderate 
 Test Article Deflections 
  Permanent Set .................................................................. 13 7/8 in. (352 mm) 
  Dynamic ............................................................................. 29.1 in. (740 mm) 
  Working Width ................................................................... 34.5 in. (877 mm) 
 Maximum Angular Displacements 
  Roll ................................................................................................ 8.27° < 75° 
  Pitch .............................................................................................. 3.98 ° < 75° 
  Yaw........................................................................................................ 14.24° 
 Impact Severity (IS).................................. 59.3 kip-ft (80.4 kJ) > 51 kip-ft (69.7 kJ) 
 Transducer Data 

 

Evaluation Criteria 
Transducer MASH       

Limit EDR-3 DTS 

OIV 
ft/s  

(m/s) 

Longitudinal -31.17 (-9.81) -31.26 (-9.53) 
≤ 40 

(12.2) 

Lateral -15.46 (-4.71) -15.83 (-4.82) 
≤ 40 

(12.2) 

ORA 
g’s 

Longitudinal -10.47 -10.20 ≤ 20.49 

Lateral -6.03 -6.30 ≤ 20.49 

THIV – ft/s (m/s) NA 34.65 (10.56) 
not 

required 

PHD – g’s NA 10.21 
not 

required

ASI 0.97 1.04 
not 

required

Figure 46. Summary of Test Results and Sequential Photographs, Test No. MGSNB-2 

0.000 sec 0.067 sec 0.167 sec 0.367 sec 0.734 sec
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Figure 47. Additional Sequential Photographs, Test No. MGSNB-2 
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Figure 48. Additional Sequential Photographs, Test No. MGSNB-2 
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Figure 49. Additional Sequential Photographs, Test No. MGSNB-2 
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Figure 50. Documentary Photographs, Test No. MGSNB-2 
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Figure 51. Documentary Photographs, Test No. MGSNB-2 
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Figure 52. Impact Location, Test No. MGSNB-2 
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Figure 53. Vehicle Final Position and Trajectory, Test No. MGSNB-2 
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Figure 54. System Barrier Damage, Test No. MGSNB-2 
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Figure 55. Guardrail Damage between Posts 13 and 17, Test No. MGSNB-2 
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Figure 56. Post Damage between Posts 15 and 17, Test No. MGSNB-2 

14



 

 

83

January 24, 2013 
M

w
R

S
F

 R
eport N

o. T
R

P
-03-262-12

 
 

 

 
 

 

 

 
Figure 57. Vehicle Damage, Test No. MGSNB-2 
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Figure 58. Vehicle Damage, Test No. MGSNB-2
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Figure 59. Vehicle Damage, Test No. MGSNB-2



January 24, 2013 
MwRSF Report No. TRP-03-262-12 

86 
 

7 COMPARISON BETWEEN BLOCKOUT AND NON-BLOCKOUT MGS TESTING 

A comparison between the blocked and non-blocked MGS for both the 2270P truck and 

1100C small car is presented in Table 11. Rear-view sequentials for the 2270P and 1100C tests 

are shown in Figures 60 and 61, respectively. Barrier damage and vehicle damage are shown in 

Figures 62 and 63, respectively. Longitudinal and lateral change in velocity plots are shown in 

Figure 64. 

Each test successfully passed all criteria set forth by MASH. In fact, all data, photos, and 

videos showed that none of the conducted tests were in any danger of failing any of the criteria. 

However, there were some noteworthy differences between the blocked and non-blocked results 

for the respective vehicles. 

For the 2270P vehicle, the non-blocked test when compared to the blocked test had 

significantly reduced rail deflections, a roll into the barrier as opposed to away from the barrier, 

fewer posts detached from the rail, and fewer posts snagged by the tire. The ORDs and OIVs 

were, percentage wise, much higher for the non-blocked system; these differences are also 

somewhat evident by examining the change in velocity plots. However, the occupant risk 

measures for both systems were small enough to not cause undue concern. In general, the 

blocked MGS had higher rail deflections and lower occupant risk numbers. 

For the 1100C vehicle, the non-blocked test as compared to the blocked test had 

significantly reduced rail deflections, a yaw that was essentially stopped due to wheel snag, more 

posts detached from the rail, and more posts snagged by the tire. The ORDs were much lower for 

the non-blocked system. But the longitudinal OIV was significantly higher for the non-blocked 

system due to a large wheel snag early in the non-blocked test. Again, these occupant differences 

are somewhat evident by examining the change in velocity plots. In general, the blocked MGS 
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had higher rail deflections and prevented an early wheel snag that essentially controlled the 

occupant risk measures for the non-blocked system.  

Much of the rail deflection differences can probably be attributed to the soil conditions. 

The more recent non-blocked MGS testing was performed in soil that used a relatively new 

compaction method, which has been determined to provide a somewhat stiffer soil condition. 

This, most likely, reduced dynamic deflections. Soil conditions for all tests were well within 

MASH recommendations. 

7.1 Discussion 

Based on the full-scale testing results, the main advantages of using a blockout for the 

MGS are threefold: (1) there is improved stability for both vehicles, lower roll and pitch for the 

pickup truck partially due to an effective rail height increase during post rotation, and smoother 

redirection for the small car as seen by the consistent/smooth yaw motion; (2) reduced snag on 

posts which provides for lower longitudinal velocity change for the small car, smoother yaw 

motion of the small car, and lower longitudinal decelerations for both vehicles, and (3) reduced 

occupant risk measures, all are better for the truck, while the small car’s longitudinal OIV is 

much better. Additionally for the small car, the non-blocked test did have lower lateral ORD but 

that was due to lack of yaw caused by wheel snag, and its lower longitudinal ORD was due to 

high initial longitudinal decelerations, as seen in the early steep drop of longitudinal change in 

velocity (see Figure 64). Overall, it was concluded that the blocked system performed better than 

the non-blocked system. 

 



January 24, 2013 
MwRSF Report No. TRP-03-262-12 

88 
 

Table 11. Test Comparisons 

Comparison of Results 
MASH Test 3-11 MASH Test 3-10 

Standard MGS Non-Blocked MGS Standard MGS Non-Blocked MGS 

Test Number 2214MG-2 MGSNB-1 2214MG-3 MGSNB-2 

Reference Number [2] [this report] [3] [this report] 

Vehicle  
Designation 2270P 2270P 1100C 1100C 

Test Inertial, lb (kg) 5,000 (2,268) 5,011 (2,273) 2,423 (1,099) 2,407 (1,092) 

Impact Conditions 
Speed, mph (km/h) 62.8 (101.1) 62.7 (100.9) 60.8 (97.8) 63.0 (101.4) 

Angle, deg 25.5 24.7 25.4 25.5 

Exit Conditions 
Speed, mph (km/h) 39.6 (63.7) 47.4 (76.3) 30.1 (48.4) 25.7 (41.4) 

Trajectory Angle, deg 13.5 14.4 14.1 19.1 

ORD, g's 
Longitudinal 8.2 11.5 16.1 10.2 

Lateral 6.9 12.9 8.4 6.3 

OIV, ft/s (m/s) 
Longitudinal 15.3 (4.7) 17.1 (5.2) 14.8 (4.5) 31.3 (9.5) 

Lateral 15.6 (4.8) 18.7 (5.7) 17.1 (5.2) 15.8 (4.8) 

Test Article 
Deflections, ft (m) 

Dynamic 3.6 (1.1) 2.8 (0.9) 3.0 (0.9) 2.4 (0.7) 

Permanent 2.6 (0.8) 1.6 (0.5) 1.7 (0.5) 1.2 (0.4) 

Working Width 4.1 (1.2) 3.6 (1.1) 4.0 (1.2) 2.9 (0.9) 

 Impact Severity, kip-ft (kN-m) 122 (166) 115 (156) 55 (75) 59 (80) 

 Max. Occupant Compart. Deformation, in. 
(mm) 

0.8 (19) 1.3 (32) 0.2 (6) 1.3 (32) 

 Max. Yaw Angle, deg -46 51 -29 -14 

 Max. Roll Angle, deg -5 16 -13 8 

 Max. Pitch Angle, deg -2 -5 -6 4 

 Impact Point 
18" upstream 

post 12 
10" upstream post 

13 
46" upstream post 

14 
32" upstream post 

14 

 Posts detached from rail during impact posts 13-16 posts 14-15 posts 15-17 posts 14-17 

 Posts hit by leading tire (wheel snag) posts 13-15 posts 14-15 posts 15-16 posts 14-17 

 Posts pulled out of ground none none none posts 14 and 16 

 Leading tire/wheel disengaged mostly yes tire debeaded yes 
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Figure 60. Rear View of 2270P Truck Tests – 2214MG-2 (left) and MGSNB-1 (right) 
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Figure 61. Rear View of 1100C Car Tests – 2214MG-3 (left) and MGSNB-2 (right) 
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Figure 62. Barrier Damage 
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Figure 63. Vehicle Damage 
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Figure 64. Longitudinal and Lateral Change in Velocity 

‐15

‐12.5

‐10

‐7.5

‐5

‐2.5

0

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

L
o

n
g

it
u

d
in

a
l C

h
a

n
g

e
 i

n
 V

el
o

ci
ty

 (
m

/s
)

Time (sec)

2214MG‐2_Blocked

MGSNB‐1_Non‐Blocked

Longitudinal Change in Velocity
2270p Blocked and Non-Blocked Testing

‐15

‐12.5

‐10

‐7.5

‐5

‐2.5

0

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

L
at

e
ra

l C
h

an
g

e
 in

 V
e

lo
c

it
y 

(m
/s

)

Time (sec)

2214MG‐2_Blocked

MGSNB‐1_Non‐Blocked

Lateral Change in Velocity
2270p Blocked and Non-Blocked Testing

‐20

‐17.5

‐15

‐12.5

‐10

‐7.5

‐5

‐2.5

0

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

L
o

n
g

it
u

d
in

a
l C

h
a

n
g

e
 i

n
 V

el
o

ci
ty

 (
m

/s
)

Time (sec)

2214MG‐3_Blocked

MGSNB‐2_Non‐Blocked

Longitudinal Change in Velocity
1100c Blocked and Non-Blocked Testing

‐20

‐17.5

‐15

‐12.5

‐10

‐7.5

‐5

‐2.5

0

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

L
at

e
ra

l C
h

an
g

e
 in

 V
e

lo
c

it
y 

(m
/s

)

Time (sec)

2214MG‐3_Blocked

MGSNB‐2_Non‐Blocked

Lateral Change in Velocity
1100c Blocked and Non-Blocked Testing



January 24, 2013 
MwRSF Report No. TRP-03-262-12 

94 

7.2 Rail-Post Attachment 

During test nos. MGSNB-1 and MGSNB-2, the locations of the post bolts were varied 

within the rail slots in order to investigate rail release away from the posts, as indicated in Figure 

1 and shown in Figure 65. Post no. 15 was most likely the worst case scenario if the rail did not 

release from the post during impact. As a result, the post bolt was located at the downstream end 

of the rail slot. For both the pickup and small car tests, the guardrail detached from post no. 15 as 

the bolt head was pulled through the rail. Slight tearing of the rail was evident around the rail 

bolt hole, but nothing of significance was observed to cause concern for rail rupture. Video 

analysis also showed that the release of the rail occurred considerably before the post could pull 

the rail down as the posts rotated in the soil. 

Further, for both tests, the post bolt at post no. 16 was initially in the center of the slot. 

For the truck test, test no. MGSNB-1, post no. 16 rotated in the soil, the rail did not release from 

the post, and the tire did not snag on the post. Although in the impact zone, release of the rail for 

this post was not required for good redirection performance. For the small car test, test no. 

MGSNB-2, the rail slipped along the bolt, causing the bolt to butt up against the end of the slot. 

The bolt head was then pulled through the rail in a timely manner, this time without any tearing 

of the rail around the bolt hole. 

Similar behavior for rail release under worst case scenarios occurred during testing of the 

non-blocked MGS for MSE walls. That performance was documented in Reference 14. 

In order to prevent the rail from being pulled down as a post rotates in the soil as well as 

a possible vehicle override of the barrier during an impact event, the rail may need to detach 

away from the post. Fortunately, it has been shown that the bolt attachment mechanism used for 

the MGS, the same one used for standard W-beam guardrail systems for several decades, 

provides for satisfactory rail detachment. 
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(a) MGSNB-1 

 

  
(b) MGSNB-2 

 
Figure 65. Bolt Located in Worst Case Location – Pull-Through Behavior Still Occurred 
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7.3 Importance of the Blockout 

The 31-in. (787-mm) mounting height is only one component which contributes to the 

enhanced performance of the MGS. It is well acknowledged that blockouts serve two primary 

purposes in the strong-post system. The first, and most important, is causing the rail to rise 

during an impact. As illustrated in Figure 66, during an impact, the rotation of the posts in 

conjunction with the blockout causes the rail to rise in the MGS (as well as in Standard W-Beam 

Guardrail Systems). This is not the case for the 31-in. (787-mm) W-Beam guardrail system 

without blockouts; where the rail immediately begins to drop as the post rotates in the soil. The 

deeper blockout on the MGS has significantly improved performance in concert with the 

increased mounting height. 

 
Figure 66. Blockout Holds Rail Up 

A comparison of the rotated rails in the schematic above would not lead one to conclude 

that the non-blocked MGS system is unsafe; since, successful crash testing was performed. Even 

though the rail is dropping upon post rotation in the non-blocked system, it is not dropping below 

a critical height during the initial 25 degrees of rotation. In fact, the rail of the 31-in. (787-mm) 
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height MGS with no blockout after 25 degrees of rotation is approximately at the initial height of 

standard metric W-beam guardrail system. Post-in-soil rotation of 25 degrees is considered a 

reasonable amount for absorbing a significant amount of energy of the impacting vehicle. 

However, the larger blockout depth clearly increases the effective guardrail height. 

The second function of the blockout is to keep vehicles away from the posts, thus 

reducing both the potential for wheel snag and the amount of wheel snag if it were to occur. 

Although in all of the testing of the MGS and its’ variations over the past decade, wheel snag has 

never proven to be a problem. However, it is prudent to avoid unnecessary impacts of major 

components. While our surrogate test vehicles may allow the MGS to function without 

blockouts, many other vehicles on the road may suffer from degraded guardrail performance 

when interacting with a no-blockout system. 

A significant wheel snag occurred at post 14 during test no. MGSNB-2, which did not 

occur during test no. 2214MG-3, as shown in Figure 67. Initial impact for both tests was just 

upstream of post no. 13, and each vehicle easily cleared post no. 13 without tire-post overlap. 

The wheel snag at post no. 14 during test no. MGSNB-1 was the cause for the relatively abrupt 

change in longitudinal velocity (see Figure 64), as well as the relatively high OIV compared to 

the blocked test, test no. 2214MG-3 (31.3 ft/s versus 14.8 ft/s). It also helped pull post no. 14 

out-of-the-ground as well as helped disengage the tire/wheel during the test. 
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     2214MG-3 – Blocked    MGSNB-2 – Non-Blocked 

 
Figure 67. 1100C Crash Tests at Post No. 14 – Blockout Reduces Wheel Snag 
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8 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

A non-proprietary, non-blocked, strong-post, W-beam guardrail system was developed 

and crash tested according to MASH. The non-blocked MGS system consisted of a 12-in. (305-

mm) W-beam backup plate instead of blockouts at each post location to prevent rail tearing. Two 

full-scale crash tests were performed according to the TL-3 safety performance criteria, as 

defined in MASH. Test no. MGSNB-1 (test designation no. 3-11) consisted of a 5,181-lb (2,350-

kg) pickup truck impacting the non-blocked MGS at a speed of 62.7 mph (100.9 km/h) and at an 

angle of 24.7 degrees, resulting in an impact severity of 115.1 kip-ft (156.1 kJ). The vehicle was 

contained and smoothly redirected. Test no. MGSNB-2 (test designation no. 3-10) consisted of a 

2,578-lb (1,169-kg) small car impacting the non-blocked MGS at a speed of 63.0 mph (101.4 

km/h) and at an angle of 25.5 degrees, resulting in an impact severity of 63.5 kip-ft (86.1 kJ). 

The vehicle was contained and smoothly redirected. Thus, the non-blocked MGS was judged to 

be acceptable according to the safety performance criteria presented in MASH. A summary of 

the safety performance evaluation is provided in Table 12. 

The non-proprietary, non-blocked MGS as well as the proprietary, non-blocked, strong-

post W-beam guardrail systems have been developed and successfully crash tested according to 

the safety performance criteria presented in MASH. Results of test designation nos. 3-10 and 3-

11 for each of the 31-in. (787-mm) tall W-beam guardrail systems are summarized in Tables 13 

and 14. A summary of the test results and sequential photographs for each test is show in 

Appendix G. As a result, any of the 31-in. (787-mm) tall W-beam (non-blocked) systems would 

be a viable option for use in areas where the roadway space required to install a blocked 

guardrail system is limited. However, the proprietary, non-blocked W-beam systems require the 

State DOTs to maintain an inventory of specialized components for replacement. This, in turn, 

may create maintenance issues, especially if multiple proprietary systems are permitted to be 
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used in one area. Potential improper repairs could also create tort liability issues. Therefore, the 

non-proprietary, non-blocked MGS would be an alternative to use when roadway space is limited 

and would also eliminate tort liability concerns.  

Previously, wood blockouts used in conjunction with the MGS greatly increases barrier 

capacity, reduces occupant risk, and improves the vehicle’s post-impact trajectory. Thus, the 

researchers recommend that 12-in. (305-mm) deep wood blockouts, or acceptable alternatives, be 

used with the MGS when the roadside geometry can accommodate a guardrail system with 

increased width. 
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Table 12. Summary of Safety Performance Evaluation Results 

Evaluation 
Factors 

Evaluation Criteria 
Test No. 

MGSNB-1 
Test No. 

MGSNB-2 

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. 

S S 

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 5.3 and Appendix E of MASH. 

S S 

F. The vehicle should remain upright during and after collision. The maximum roll 
and pitch angles are not to exceed 75 degrees. S S 

H. Occupant Impact Velocity (OIV) (see Appendix A, Section A5.3 of MASH for 
calculation procedure) should satisfy the following limits: 

S S  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 A5.3 of 
MASH for calculation procedure) should satisfy the following limits: 

S S  Occupant Ridedown Acceleration Limits  

Component Preferred Maximum 

Longitudinal and Lateral 15.0 g’s 20.49 g’s 

MASH Test Designation Number 3-11 3-10 

Pass/Fail Pass Pass 

 S – Satisfactory  U – Unsatisfactory  
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Table 13. 31-in. (787-mm) Tall Guardrail Systems Test Designation No. 3-10 Result Comparison  

Comparison of Results 

Test No. 3-10 

T-31 GMS 
NU-

GUARD-
31™ 

Non-Blocked 
MGS 

Standard 
MGS 

Standard 
MGS 

8-in. Block 
MGS 

Test Criteria NCHRP 350 NCHRP 350 NCHRP 350 MASH NCHRP 350 MASH MASH 
Reference Number [8] [9] [10] [this report] [1] [3] [2] 

Test Number 220570-4 GMS-2 057073101 MGSNB-2 NPG-1 2214MG-3 420020-5 
Blockout depth, in. (mm) none none none none 12(305) 12(305) 8(203) 

Vehicle 
Designation 820C 820C 820C 1100C 820C 1100C 1100C 

Test Inertial, lb (kg) 1,819 (825) 1,808 (820) 1,845 (837) 2,408 (1,092) 1,790 (812) 2,423 (1,099) 
2,434 

(1,104) 
Impact 

Conditions 
Speed, mph (km/h) 63.4 (102.1) 66.0 (106.3) 63.5 (102.2) 63.0 (101.4) 63.9 (102.9) 60.8 (97.8) 60.4 (97.2) 
Angle, deg 20.3 18.8 20.3 25.5 20.0 25.4 25.6 

ORD, g's 
Longitudinal** -12.9 -8.1 -6.3 -10.2 6.1 16.1 8.8 
Lateral** 7.6 7.1 7.8 -6.3 8.0 8.4 6.8 

OIV, ft/s 
(m/s) 

Longitudinal** 21.0 (6.4) 24.9 (7.6) 22.3(6.8) -31.3(-9.5) 11.5(3.5) 14.8 (4.5) 21.0(6.4) 
Lateral** 19.0 (5.8) -15.7 (-4.8) -11.5(-3.5) -15.8(-4.8) 18.6(5.7) 17.1 (5.2) 17.4(5.3) 

Test Article 
Deflections, 

ft (m) 

Dynamic 1.61 (0.49) 2.17 (0.66) (0.68) 2.43(0.74) 1.42(.44) 3.00 (0.91) 2.38(0.73) 
Permanent 1.02 (0.31) 1.84 (0.56) (0.29) 1.16(0.35) 0.78(.24) 1.66 (0.51) 1.58(0.48) 
Working Width 4.40 (1.34) NA* NA* 2.88(0.88) 3.36(1.02) 4.03 (1.23) 2.38(0.73) 

Impact Severity, kip-ft (kN-m) 29.5 (39.9) 27.4 (37.1) NA* 59.2(80.3) 28.6(38.8) 55.0 (74.6) 55.4(75.1) 
Max. Occupant Compartment 
Deformation in. (mm) 

3.3 (85) 0.0 (0) (2) 1.3(32) NA* 0.2 (6) 0.0(0) 

Max. Yaw Angle, deg.  -35 -97.1 -164.7 -14.2 106.5 -28.6 49 
Max. Roll Angle, deg.  -3 7.8 -11.8 8.3 -8.1 -12.8 -16 
Max. Pitch Angle, deg.  -7 -5.2 14.5 4.0 -7.7 -5.8 -11 

*NA: Not available 
**Depending on sign convention of accelerometer data, magnitudes will be comparable 
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Table 14. 31-in. (787-mm) Tall Guardrail Systems Test Designation No. 3-11 Result Comparison  

Comparison of Results 
Test No. 3-11 

T-31 GMS 
NU-GUARD-

31™ 
Non-Blocked 

MGS 
Standard 

MGS 
Standard 

MGS 
Test Criteria MASH MASH NCHRP 350 MASH NCHRP 350 MASH 

Reference Number [8] [9] [10] [this report] [4] [5] 
Test Number 220570-2 GMS-1 057073112 MGSNB-1 NPG-4 2214MG-2 

Blockout depth, in. (mm) none none none none 12(305) 12(305) 

Vehicle 
Designation 2270P 2270P 2270P 2270P 2000P 2270P 

Test Inertial, lb (kg) 5,068 (2,299) 4,844 (2,197) 4,921 (2,232) 5,011 (2,273) 4,378 (1,986) 
5,000 

(2,268) 
Impact 

Conditions 
Speed, mph (km/h) 60.6 (97.6) 60.7 (97.7) 60.9 (98.0) 62.7 (100.9) 60.9 (98.1) 62.8 (101.1) 
Angle, deg 26.8 25.9 24.5 24.7 25.6 25.5 

ORD, g's 
Longitudinal** -6.1 -10.7 -6.2 -11.5 9.5 8.2 
Lateral** 7.4 11.5 6.4 -12.9 6.9 6.9 

OIV, ft/s (m/s) 
Longitudinal** 16.4 (5.0) 16.4 (5.0) 11.2(3.4) -17.1 (-5.2) 18.3 (5.6) 15.3 (4.7) 
Lateral** 16.7 (5.1) -10.5 (-3.2) -13.8(-4.2) -18.7 (-5.7) 12.8 (3.9) 15.6 (4.8) 

Test Article 
Deflections, ft 

(m) 

Dynamic 3.41 (1.04) 2.92 (0.89) 3.6(1.1) 2.84 (0.87) 3.60 (1.09) 3.65 (1.11) 
Permanent 2.40 (0.73) 1.84 (0.56) 2.6(0.8) 1.61 (0.49) 2.14 (0.65) 2.63 (0.80) 
Working Width 3.67 (1.12) NA* NA* 3.60 (1.10) 4.13 (1.26) 4.05 (1.23) 

Impact Severity, kip-ft (kN-m) 126.7 (171.8) 113.9 (154.4) NA* 115.0 (155.9) 101.6 (137.7) 
122.3 

(165.8) 
Max. Occupant Compartment 
Deformation in. (mm) 

0.0 (0) 0.0 (0) 0.03(1) 1.3 (32) 1.25(31.8) 0.8 (19) 

Max. Yaw Angle, deg.  42 35.9 -30.7 50.6 31.8 -45.7 
Max. Roll Angle, deg.  -14 -12.3 -11.8 15.7 -4.9 -4.8 
Max. Pitch Angle, deg.  -22 -6.2 -8.6 -5.3 NA* -1.8 

*NA: Not Available 
**Depending on sign convention of accelerometer data, magnitudes will be comparable   
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9 IMPLEMENTATION GUIDANCE 

9.1 Background 

As previously noted, the research detailed herein demonstrated that the non-blocked 

version of the MGS with W6x8.5 (W152x12.6) steel posts performed in an acceptable manner 

according to test designation no. 3-11 of the MASH impact safety standards. However, several 

variations of the MGS system have been developed for special applications, which may be more 

sensitive to the elimination of the blockouts. These special applications would include the MGS 

long-span system, MGS adjacent to 2:1 fill slopes, MGS on 8:1 approach slopes, MGS adjacent 

to curb, MGS stiffness transition to approach guardrail transitions, MGS with reduced post 

spacing, and MGS with various wood posts. Since several MGS variations are available, 

recommendations regarding the use of a blockout will likely vary depending on the nature and 

behavior of the special applications listed above. Implementation guidance and/or 

recommendations regarding the use or omission of blockouts in these special applications are 

discussed below. 

9.2 MGS Long-Span Guardrail 

The MGS long-span guardrail system was successfully full-scale crash tested using an 

unsupported length of 25 ft (7.62 m) and three CRT posts with 12-in. (305-mm) deep blockouts 

adjacent to each end of the unsupported span. These CRT posts were incorporated into the 

system in order to mitigate concerns for wheel snag on posts adjacent to the unsupported span 

when traversing from the unsupported span to the downstream standard guardrail. Adjacent to 

the CRT posts, the standard MGS utilized 12-in. (305-mm) deep blockouts. The MGS long-span 

guardrail system was installed with the back of the CRT posts positioned flush with the front 

face of the culvert headwall. The posts upstream and downstream from the culvert were installed 

2 ft (610 mm) away from the slope break point of a 3:1 fill slope. 



January 24, 2013 
MwRSF Report No. TRP-03-262-12 

105 

Occasionally, it may be desirable to attach a non-blocked version of the MGS to the MGS 

long-span guardrail system as there may be limited roadway width near concrete box culverts. 

However, there are concerns regarding the removal of the blockouts in the MGS long-span 

guardrail system. First, the removal of the blockouts on the six CRT posts would increase the 

likelihood for wheel snag on these posts. In addition, removal of the blockouts adjacent to the 

unsupported span would cause rail height to decrease immediately upon impact and through 

subsequent lateral post deflections, which could potentially reduce vehicle containment within 

the unsupported span. Finally, removal of the blockouts on the CRT posts would effectively 

move the front face of the guardrail closer to the culvert, thus allowing an impacting vehicle to 

deflect farther past the exterior edge of the headwall. This increased vehicle and barrier 

deflection beyond the exterior face of the headwall could increase the potential for vehicle 

instabilities upon redirection, promote excessive vehicle/wheel snag on the downstream 

wingwall, allow for excessive vehicle decelerations, and/or reduce the safety performance of the 

barrier system. Based on these concerns, it is recommended that 12-in. (305-mm) deep blockouts 

be retained on the six CRT posts. 

However, it is believed to be acceptable to allow for the removal of the blockouts away 

from the steel support posts located adjacent to the CRT posts. The non-blocked version of the 

MGS performed in an acceptable manner when (1) using the standard post spacing on level 

terrain and (2) placed at the slope break point of a 3:1 fill slope positioned above a wire-face 

mechanically-stabilized earth (MSE) wall. Both full-scale crash testing programs were successful 

under the MASH TL-3 safety performance criteria using both the 1100C and 2270P vehicles. 

Based on these test results, a non-blocked MGS installed with the back of the posts positioned 2 

ft (305 mm) laterally away from the slope break point of a 3:1 fill slope should not cause safety 

concerns. As such, the non-blocked MGS system would not be expected to significantly degrade 
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the safety performance of the MGS long-span guardrail system when attached to guardrail 

beyond the upstream and downstream CRT wood posts. Therefore, it would seem reasonable to 

allow for the non-blocked MGS to be attached to the MGS long-span guardrail system as shown 

in Figure 68. 

9.3 MGS Adjacent to 2:1 Fill Slopes 

Previously, the 31-in. (787-mm) tall Midwest Guardrail System with 9-ft (2.74-m) long 

W6x8.5 (W152x12.6) steel posts was successfully crash tested under the MASH TL-3 criteria 

when installed at the slope break point of a 2:1 fill slope using standard post spacing and 

blockouts. However, similar crash testing was not successful for the minimum recommended 

MGS mounting height of 27¾ in. (705 mm). As such, the minimum recommended top mounting 

height is unknown for the MGS adjacent to 2:1 fill slopes. 

As noted previously, full-scale crash testing was successful on a non-blocked MGS 

installed at the slope break point of a 3:1 fill slope positioned on top of an MSE wall. This testing 

program was performed under the MASH TL-3 safety criteria for both the 1100C and 2270P 

vehicles. 

Using the results from these successful crash testing programs, it is believed that 

satisfactory performance would also be provided by a non-blocked version of the MGS when 

installed adjacent to a 2:1 fill slope as shown in Figure 69. Thus, the use of non-blocked MGS 

guardrail installed adjacent to a 2:1 slope would likely be acceptable. However, it should be 

noted that no crash tests have been performed on this exact variation and that the minimum 

recommended top mounting height would likely be affected, similar to the blocked version of the 

MGS adjacent to 2:1 fill slopes. As such, it is highly recommended that a non-blocked version of 

the MGS adjacent to 2:1 fill slopes utilize a minimum top mounting height of 31 in. (787 mm) in 

combination with longer steel posts. 
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Figure 68. MGS Long-Span System with Non-Blocked Steel Post MGS 
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Figure 69. Non-Blocked Steel-Post MGS Adjacent to 2:1 Fill-Slope 
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9.4 MGS on 8:1 Approach Slopes 

Previously, full-scale crash testing was successfully performed on the MGS installed on 

an 8:1 approach slope with the steel posts positioned 5 ft (1.52 m) laterally behind the slope 

break point. This testing program was conducted according to the NCHRP Report No. 350 

impact safety standards using both an 820C small car and a 2000P pickup truck. From the crash 

testing program, the mounting height of the blocked MGS relative to the airborne trajectory of 

the front bumper and impact-side wheels was deemed critical for satisfactorily containing the 

2000P pickup truck. Arguably, the test results may have also demonstrated that the 31-in. (787-

mm) top railing height greatly contributed to adequate vehicle containment and stable 

redirection. Historically, blockouts have been shown to improve the safety performance of 

strong-post, W-beam guardrail systems by providing increased rail height through the initial 

stages of barrier deflection and reduced wheel to post contact. 

MwRSF researchers have concerns that the removal of the blockout may negatively 

affect the ability for the MGS on 8:1 approach slopes to adequately contain and redirect high 

center-of-mass vehicles when considering the known dynamic motion of a non-blocked rail 

section during post rotation. Therefore, a non-blocked MGS on an 8:1 approach slope is not 

recommended for use without further analysis and crash testing. 

9.5 MGS Adjacent to Curb 

The MGS was successfully crash tested and evaluated with the front face of the W-beam 

rail placed 6 in. (152 mm) behind the front face of a 6-in. (152-mm) tall concrete curb according 

to the NCHRP Report No. 350 TL-3 criteria using a 2000P pickup truck. However, vehicular 

impacts into guardrail placed adjacent to curbs may contact the barrier face with an increased 

bumper height and trajectory. As noted above, the mounting height of a blocked MGS can be 

critical for satisfactorily containing and redirecting a 2000P pickup truck, especially when the 
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front bumper and impact-side wheels become airborne early in the impact event. Further, it has 

been noted that a non-blocked guardrail system will allow the top rail height to decrease 

immediately after post rotation. Therefore, a non-blocked MGS adjacent to a concrete curb is not 

recommended for use without further analysis and crash testing. 

9.6 MGS Stiffness Transition to Approach Guardrail Transitions 

Historically, spacer blocks have been used in approach guardrail transition systems to 

laterally offset the face of the support posts away from the face of the stiffened guardrail 

sections. This lateral offset has been used to reduce or eliminate severe wheel snag on the 

closely-spaced, deeply-embedded, transition posts. Severe wheel snag on transition posts can 

contribute to vehicular instabilities and/or rapid vehicle decelerations. In addition, these 

transition posts often utilize increased section size in conjunction with thicker gauge rail 

segments or nested rail. Based on these factors, it is very difficult to anticipate the effect of 

blockout removal for the transition posts within approach guardrail transitions. Thus, MwRSF 

researchers do not recommend the removal of the blockouts in the transition region without 

further analysis and crash testing. 

While removal of blockouts is not recommended in common approach guardrail 

transition systems or within the MGS stiffness transition, it is believed that blockouts can be 

removed from the posts in locations farther upstream from the stiffness transition. However, it is 

recommended that a minimum of 25 ft (7.62 m) of standard MGS with spacer blocks be placed 

adjacent to the new stiffness transition prior to transitioning to any of the non-blocked, 31-in. 

(787-mm) tall, W-beam guardrail systems, as shown in Figure 70. 
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Figure 70. Use of Non-Blocked Steel-Post MGS with the MGS Stiffness Transition 
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9.7 MGS with Reduced Post Spacing 

A blocked version of the MGS with quarter post spacing was successfully full-scale crash 

tested and evaluated using a 2000P pickup truck according to the TL-3 criteria found in NCHRP 

Report No. 350. The noted blockouts were incorporated to serve the same function in the ¼-post 

spacing design as well as in the standard MGS. As observed in the crash testing of the MGS with 

¼-post spacing, the blockouts helped to reduce and/or mitigate wheel snag on the closely-spaced 

steel posts, thus reducing the potential for vehicle instabilities or rapid vehicle decelerations. In 

addition, no crash tests have been performed on a non-blocked version of a 31-in. (787-mm) tall, 

W-beam guardrail system supported by steel posts at a reduced spacing. Based on these facts, it 

is not recommended to remove the blockouts from the MGS systems with reduced post spacing 

without further analysis and crash testing. 

9.8 MGS with Various Wood Posts 

Over the years, MwRSF has crash tested several wood-post MGS systems with 

blockouts. Round wood posts were manufactured from Ponderosa pine (PP) and Douglas fir 

(DF). Rectangular posts were fabricated from White pine (WP) and Southern Yellow pine 

(SYP). The round wood-post MGS was successfully evaluated according to the NCHRP Report 

No. 350 criteria using 2000P vehicles. Another wood-post MGS was configured with 6-in. x 8-

in. x 72-in. (152-mm x 203-mm x 1.83-m) rectangular WP posts and successfully evaluated 

according to the MASH impact safety standards using a 2270P pickup truck. Finally, MwRSF 

successfully evaluated the wood-post MGS with 6-in. x 8-in. x 72-in. (152-mm x 203-mm x 

1.83-m) rectangular SYP posts according to the MASH impact safety standards using both the 

1100C and 2270P vehicles. Similar to the steel-post MGS, these wood-post MGS systems 

provided acceptable safety performance without concerns for vehicular instabilities, excessive 

occupant ridedown decelerations, or critical occupant impact velocities. 
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Based on the similar performance observed for the wood- and steel-post MGS systems 

with blockouts, there may be a desire for end users to install a non-blocked, wood post MGS. 

Unfortunately, no crash tests have been performed on non-blocked versions of the wood-post 

MGS. 

Wood and steel guardrail posts can provide slightly different behaviors when loaded 

through the W-beam rail and about the strong and weak axis of bending. Typical steel guardrail 

posts may rotate in soil, bend about one of the strong and weak axes near the ground line, or 

plastically deform from a combination of eccentric loading and/or lateral torsional buckling. 

Typical wood posts may also rotate in soil or fracture near the ground line. Based on these slight 

differences in post-soil behavior, there are some concerns that the removal of the blockout from 

the wood-post MGS may potentially lead to: (1) increased propensity for wheel snag on wood 

posts; (2) increased vehicle decelerations; and/or (3) greater risk of vehicular instabilities upon 

redirection. Thus, these outcomes could potentially result in degraded barrier performance. As 

such, it is not recommended to remove the blockouts from the wood-post MGS without further 

analysis and crash testing. 
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Appendix A. Material Specifications 
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Figure A-1. Bill of Materials, Test No. MGSNB-1

Item No.  QTY.  Description Material Specifications and/or Grade  Hardware Guide Mat Certs

b1 25

W6x8.5 x 6' long [W152x12.6 1829 long] Steel Post ASTM A992 [345 

MPa] (W6x9 A36 [248 Mpa])  ‐ 002/100142‐1/100144‐2

b2  1 6'‐3" W‐Beam MGS Section 12 gauge [2.7] AASHTO M180 RWMO1a 100142‐5

b3  12 12'‐6" W‐Beam MGS Section 12 gauge [2.7] AASHTO M180 RWM04a 4614

b4  2  12'‐6" W‐Beam MGS End Section 12 gauge [2.7] AASHTO M180 RWM04a 4614

b5  4 5/8" [15.9] Dia. x 10" [254] long Guardrail Bolt and Nut ASTM A307  FBB03 090453‐2/100144‐3

b6  137 5/8" [15.9] Dia. x 1 1/2" [38] Guardrail Bolt and Nut ASTM A307  FBB01 100144‐1/100144‐3

b7  44  5/8" [15.9] Dia. Flat Washer ASTM A153  FWC16a 090453‐15

b8  25  W‐Beam Backup Plate 12 ga. [2.7] AASHTO M180  RWB01a 4614, 3390

c1  4  BCT Timber Post ‐ MGS Height SYP Grade No. 1 or better PDF01 10‐0282(White)

c2  4 72" [1829] Foundation Tube ASTM A53 Grade B PTE06 09‐0468

c3  2  Strut and Yoke Assembly ASTM A36 Steel Galvanized ‐ 090453‐8

c4  2 5x8x5/8" [127x203x15.9] Anchor Bearing Plate ASTM A36 Steel FPB01 090453‐9

c5  2

 BCT Anchor Cable Assembly 3/4" [19] 6x19 IWRC IPS Galvanized Wire 

Rope  FCA01‐02 090453‐6/10‐0142‐3

c6  2  Anchor Bracket Assembly ASTM A36 Steel FPA01 090453‐10

c7  2

 2 3/8" [60] O.D. x 6" [152] Long BCT Post Sleeve ASTM A53 Grade B 

Schedule 40  FMM02 09‐0458

c8  4  5/8" [15.9] Dia. x 10" [254] Long Hex Head Bolt and Nut ASTM A307 FBX16a 090543‐11/090‐0452

c9  16  5/8" [15.9] Dia. x 1 1/2" [38] Long Hex Head Bolt and Nut ASTM A307  FBX16a 090453‐1/09‐0452

c10 4  7/8" [22.2] Dia. x 7 1/2" [191] Long Hex Head Bolt and Nut ASTM A307  FBX22a 100259‐3/100259‐1

c11 8 7/8" [22.2] Dia. Flat Washer ASTM A153 FWC22a 100259‐2

Soil 5052010
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Figure A-2. Bill of Materials, Test No. MGSNB-2
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Figure A-4. W6x9 [W152x13.4] Steel Post Material Specifications, Test Nos. MGSNB-1 and MGSNB-2 
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Figure A-5. 6-ft 3-in. (1,905-mm) Long W-Beam MGS Section Material Specifications, Test Nos. MGSNB-1 and MGSNB-2 
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Figure A-6. 12-ft 6-in. (3.8 m) Long W-Beam MGS Section and End Section Material Specifications, Test Nos. MGSNB-1 and 

MGSNB-2
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Figure A-7. 10-in. (254-mm) Long Guardrail Bolt Material Specifications, Test Nos. MGSNB-1 

and MGSNB-2 
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Figure A-8. 10-in (254-mm) Long Guardrail Bolt Material Specifications (cont.), Test Nos. 

MGSNB-1 and MGSNB-2 
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Figure A-9. 10-in (254-mm) Long Guardrail Bolt Material Specifications (cont.), Test Nos. 

MGSNB-1 and MGSNB-2 
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Figure A-10. 10-in (254-mm) Long Guardrail Bolt Material Specifications (cont.), Test Nos. 

MGSNB-1 and MGSNB-2 
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Figure A-11. 10-in (254-mm) Long Guardrail Bolt Material Specifications (cont.), Test Nos. 

MGSNB-1 and MGSNB-2 
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Figure A-12. 10-in (254-mm) Long Guardrail Bolt Material Specifications (cont.), Test Nos. 

MGSNB-1 and MGSNB-2 
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Figure A-13. 10-in (254-mm) Long Guardrail Bolt Material Specifications (cont.), Test Nos. 

MGSNB-1 and MGSNB-2 



January 24, 2013 
MwRSF Report No. TRP-03-262-12 

 

131 

 
Figure A-14. 5/8-in (16-mm) Diameter Guardrail Nut Material Specifications (cont.), Test Nos. 

MGSNB-1 and MGSNB-2 
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Figure A-15. 5/8-in (16-mm) Diameter Guardrail Nut Material Specifications (cont.), Test Nos. 

MGSNB-1 and MGSNB-2 
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Figure A-16. 5/8-in (16-mm) Diameter Guardrail Nut Material Specifications (cont.), Test Nos. 

MGSNB-1 and MGSNB-2 
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Figure A-17. 5/8-in (16-mm) Diameter Guardrail Nut Material Specifications (cont.), Test Nos. 

MGSNB-1 and MGSNB-2 
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Figure A-18. 5/8-in (16-mm) Diameter x 1 ½-in (38-mm) Guardrail Bolt Material Specifications 

(cont.), Test Nos. MGSNB-1 and MGSNB-2 
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Figure A-19. 5/8-in (16-mm) Diameter x 1 ½-in. (38-mm) Guardrail Bolt Material Specifications 

(cont.), Test Nos. MGSNB-1 and MGSNB-2 
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Figure A-20. 5/8-in (16-mm) Diameter x 1 ½” (38 mm) Guardrail Bolt Material Specifications 

(cont.), Test Nos. MGSNB-1 and MGSNB-2 
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Figure A-21. 5/8-in (16-mm) Diameter Guardrail Nut, Material Specifications (cont.), Test Nos. 

MGSNB-1 and MGSNB-2 
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Figure A-22. 5/8-in (16-mm) Diameter Guardrail Nut Material Specifications (cont.), Test Nos. 

MGSNB-1 and MGSNB-2 
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Figure A-23. 5/8-in (16-mm) Diameter Guardrail Nut Material Specifications (cont.), Test Nos. 

MGSNB-1 and MGSNB-2 
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Figure A-24. 5/8-in (16-mm) Diameter Guardrail Nut Material Specifications (cont.), Test Nos. 

MGSNB-1 and MGSNB-2
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Figure A-25. 5/8-in (16-mm) Diameter Flat Washer Material Specifications, Test Nos. MGSNB-1 and MGSNB-2 
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Figure A-26. W-Beam Backup Plate Material Specifications, Test Nos. MGSNB-1 and MGSNB-2 
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Figure A-27. W-Beam Backup Plate Material Specifications (cont.), Test Nos. MGSNB-1 and MGSNB-2
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Figure A-28. BCT Timber Post – MGS Height SYP Grade No. 1 or Better, Test Nos. MGSNB-1 

and MGSNB-2
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Figure A-29. Foundation Tube Material Specifications, Test Nos. MGSNB-1 and MGSNB-2 
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Figure A-30. Strut and Yoke Assembly Material Specifications, Test Nos. MGSNB-1 and MGSNB-2 
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Figure A-31. Anchor Bearing Plate Material Specifications, Test Nos. MGSNB-1 and MGSNB-2 
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Figure A-32. BCT Anchor Cable Assembly 3/4-in. (19-mm) Galvanized Wire Rope Material Specifications, Test Nos. MGSNB-1 and 

MGSNB-2
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Figure A-33. BCT Anchor Cable Assembly 3/4-in. (19-mm) Galvanized Wire Rope Material 

Specifications (cont.), Test No. MGSNB-1 
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Figure A-34. Anchor Bracket Assembly Material Specifications, Test Nos. MGSNB-1 and MGSNB-2
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Figure A-35. 6-in. (152-mm) Long BCT Post Sleeve Material Specifications, Test Nos. 

MGSNB-1 and MGSNB-2
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Figure A-36. 5/8-in. (16-mm) Diameter Hex Head Nut Material Specifications, Test Nos. MGSNB-1 and MGSNB-2 
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Figure A-37. 10-in. (254-mm) Long Hex Head Bolt Material Specifications, Test Nos. MGSNB-1 and MGSNB-2
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Figure A-38. 5/8-in (16-mm) Diameter x 1 ½-in (38-mm) Long Hex Head Bolt Material 

Specifications, Test Nos. MGSNB-1 and MGSNB-2 
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Figure A-39. 5/8-in (16-mm) Diameter x 1 ½-in (38-mm) Long Hex Head Bolt Material 

Specifications (cont.), Test Nos. MGSNB-1 and MGSNB-2 
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Figure A-40. 5/8-in (16-mm) Diameter x 1 ½-in (38-mm) Long Hex Head Bolt Material 

Specifications (cont.), Test Nos. MGSNB-1 and MGSNB-2 
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Figure A-41. 5/8-in (16-mm) Diameter x 1 ½-in (38-mm) Long Hex Head Bolt Material 

Specifications (cont.), Test Nos. MGSNB-1 and MGSNB-2 
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Figure A-42. 5/8-in (16-mm) Diameter x 1 ½-in (38-mm) Long Hex Head Bolt Material 

Specifications (cont.), Test Nos. MGSNB-1 and MGSNB-2 
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Figure A-43. 7/8-in. (22-mm) Diameter Hex Head Nut Material Specifications, Test Nos. 

MGSNB-1 and MGSNB-2 

 
Figure A-44. 7/8-in (22-mm) Diameter x 7 ½-in. (191-mm) Long Hex Head Bolt Material 

Specifications, Test Nos. MGSNB-1 and MGSNB-2 

 
Figure A-45. 7/8-in. (22-mm) Diameter Flat Washer Material Specifications, Test Nos. MGSNB-

1 and MGSNB-2 
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Figure A-46. Cable Anchor Assembly Black Paint, Test No. MGSNB-2
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Appendix B. Vehicle Center of Gravity Determination 
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Figure B-1. Vehicle Mass Distribution, Test No. MGSNB-1 

Test: MGSNB-1 Vehicle:

 Vehicle CG Determination

VEHICLE Equipment
Weight   

(lb)
Long CG  

(in.)
Lat CG   

(in.)
Vert CG   

(in.)
Long M   
(lb-in.)

Lat M    
(lb-in.)

Vert M    
(lb-in.)

+ Unbalasted Truck(Curb) 4955 61.62333 -0.34931 28.59149 305343.6 -1730.81 141670.8
+ Brake receivers/wires 9 107 0 52 963 0 468
+ Brake Frame 5 36 -17 26 180 -85 130
+ Brake Cylinder (Nitrogen) 27 69 -23 25.5 1863 -621 688.5
+ Strobe/Brake Battery 4 78.5 0 30.5 314 0 122
+ Hub 27 0 -43 14.8125 0 -1161 399.9375
+ CG Plate (EDRs) 8 60 0 32 480 0 256
- Battery -46 -7 -25 41 322 1150 -1886
- Oil -15 10 2 16 -150 -30 -240
- Interior -45 50 0 23 -2250 0 -1035
- Fuel -142 112.5 -11 19 -15975 1562 -2698
- Coolant 0 0 0 0
- Washer fluid -7 -15 18 36 105 -126 -252
BALLAST Water 200 112.5 -11 19 22500 -2200 3800

Misc. 0 0 0
Misc. 0 0 0

313695.6 -3241.81 141424.3
TOTAL WEIGHT 4980 lb CG location (in.) 62.99109 -0.65097 28.39844

wheel base 140.25 Calculated Test Inertial Weight
MASH Targets Targets CURRENT Difference
Test Inertial Weight (lb) 5000 ± 110 4980 -20.0
Long CG  (in.) 63 ± 4 62.99 -0.00891
Lat CG  (in.) NA -0.65 NA
Vert CG  (in.) 28 28.40 0.39844
Note:  Long. CG is measured from front axle of test vehicle 
Note:  Lateral CG measured from centerline - positive to vehicle right (passenger) side

Curb Weight  (lb) Actual test inertial weight  (lb)
(from scales)

Left Right Left Right
Front  1410 1368 Front 1410 1350
Rear 1093 1084 Rear 1135 1116

FRONT 2778 lb FRONT 2760 lb
REAR 2177 lb REAR 2251 lb
TOTAL 4955 lb TOTAL 5011 lb

2270P/Ram 1500
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Figure B-2. Vehicle Mass Distribution, Test No. MGSNB-2 

 

Test: MGSNB-2 Vehicle:

 Vehicle CG Determination

VEHICLE Equipment
Weight   

(lb)
Long CG  

(in.)
Lat CG   

(in.)
Long M   
(lb-in.)

Lat M    
(lb-in.)

+ Unbalasted Car 2375 33.57 -0.28 79724.25 -654.063
+ Brake receivers/wires 6 130.5 0 783 0
+ Brake Frame 6 27 -12.25 162 -73.5
+ Brake Cylinder 22 63 14.5 1386 319
+ Strobe Battery 5 56.5 0 282.5 0
+ Hub 20 0 -36 0 -720
+ CG Plate (EDRs) 7 0 0 0
+ DTS 18 61 -13.5 1098 -243
- Battery -34 -9 -15 306 510
- Oil -6 -5 9 30 -54
- Interior -30 39 0 -1170 0
- Fuel 0 0
- Coolant -9 -19.5 0 175.5 0
- Washer fluid 0 0
BALLAST Water 40 82 -4 3280 -160

Misc. 0 0
Misc. 0 0

86057.25 -1075.56
TOTAL WEIGHT 2420 lb CG location (in.) 35.56085 -0.44445

wheel base 95.25 in.
MASH targets CURRENT Difference
Test Inertial Wt (lb) 2420 (+/-)55 2420 0.0
Long CG (in.) 39 (+/-)4 35.56 -3.43915
Lateral CG (in.) N/A -0.44 NA
Note:  Long. CG is measured from front axle of test vehicle 
Note:  Lateral CG measured from centerline - positive to vehicle right (passenger) side

Dummy = 166lbs.
Curb Weight (lb) Actual test inertial weight (lb)

(from scales)

Left Right Left Right
Front 737 801 Front 749 729
Rear 462 375 Rear 467 463

FRONT 1538 lb FRONT 1478 lb
REAR 837 lb REAR 930 lb
TOTAL 2375 lb TOTAL 2408 lb

Rio
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Appendix C. Static Soil Tests 
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Figure C-1.  Summary Sheet for Strong Soil Test Results, Test No. MGSNB-1  

   Post-Test Photo of Post     Static Load Test

Date…………………………………………………
Test Facility & Site Location…………………
In situ soil description (ASTM D2487)………
Fill material description (ASTM D2487)……
Description of fill placement procedure……
Bogie Weight……………………………………
Impact Velocity…………………………………

    Dynamic Set up   Post-Test Photo of Post

6/23/2005
Midwest Roadside Safety Facility
Well Graded Gravel (GW)
Well Graded Gravel (GW) (see sieve analyses above)
pnumatic tamper
1,605 lb
19.7 mph
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Figure C-2.  Test Day Static Soil Strength, Test No. MGSNB-1

Static Load Test Setup   Post-Test Photo of Post

Date…………………………………………………5/17/2011

Description of fill placement procedure……8-inch lifts tamped with a pneumatic compactor

Test Facility & Site Location………………… Midwest Roadside Safety Facility
In situ soil description (ASTM D2487)……… Well Graded Gravel (GW)
Fill material description (ASTM D2487)…… Well Graded Gravel (GW) (see sieve analyses above)
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Figure C-3. Summary Sheet for Strong Soil Test Results, Test No. MGSNB-2 

   Post-Test Photo of Post     Static Load Test

Date…………………………………………………
Test Facility & Site Location…………………
In situ soil description (ASTM D2487)………
Fill material description (ASTM D2487)……
Description of fill placement procedure……
Bogie Weight……………………………………
Impact Velocity…………………………………

    Dynamic Set up   Post-Test Photo of Post

3/28/2011
Midwest Roadside Safety Facility
Well Graded Gravel (GW)
Well Graded Gravel (GW) (see sieve analyses above)
8-in. Lifts, High Compaction, Pnuematic Tamper
1,727 lb
18.81 mph
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Figure C-4. Test Day Static Soil Strength, Test No. MGSNB-2 
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Appendix D. Vehicle Deformation Records 
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Figure D-1. Floor Pan Deformation Data – Set 1, Test No. MGSNB-1 
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Figure D-2. Floor Pan Deformation Data – Set 2, Test No. MGSNB-1 
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Figure D-3. Occupant Compartment Deformation Data – Set 1, Test No. MGSNB-1 
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Figure D-4. Occupant Compartment Deformation Data – Set 2, Test No. MGSNB-1 
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Figure D-5. Exterior Vehicle Crush (NASS) - Front, Test No. MGSNB-1 
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Figure D-6. Exterior Vehicle Crush (NASS) - Side, Test No. MGSNB-1 
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Figure D-7. Floor Pan Deformation Data – Set 1, Test No. MGSNB-2 
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Figure D-8. Floor Pan Deformation Data – Set 2, Test No. MGSNB-2 
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Figure D-9. Occupant Compartment Deformation Data – Set 1, Test No. MGSNB-2 
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Figure D-10. Occupant Compartment Deformation Data – Set 2, Test No. MGSNB-2 
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Figure D-11. Exterior Vehicle Crush (NASS) - Front, Test No. MGSNB-2 
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Figure D-12. Exterior Vehicle Crush (NASS) - Side, Test No. MGSNB-2 
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Figure D-13. Roof Crush Measurement, Test No. MGSNB-2
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Appendix E. Accelerometer and Rate Transducer Data Plots, Test No. MGSNB-1 
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Figure E-1. 10-ms Average Longitudinal Deceleration (DTS), Test No. MGSNB-1 
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Figure E-2. Longitudinal Occupant Impact Velocity (DTS), Test No. MGSNB-1 
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Figure E-3. Longitudinal Occupant Displacement (DTS), Test No. MGSNB-1 
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Figure E-4. 10-ms Average Lateral Deceleration (DTS), Test No. MGSNB-1
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Figure E-5. Lateral Occupant Impact Velocity (DTS), Test No. MGSNB-1
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Figure E-6. Lateral Occupant Displacement (DTS), Test No. MGSNB-1 
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Figure E-7. Vehicle Angular Displacements (DTS), Test No. MGSNB-1 
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Figure E-8. Acceleration Severity Index (DTS), Test No. MGSNB-1 
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Figure E-9. 10-ms Average Longitudinal Deceleration (EDR-3), Test No. MGSNB-1
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Figure E-10. Longitudinal Occupant Impact Velocity (EDR-3), Test No. MGSNB-1 
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Figure E-11. Longitudinal Occupant Displacement (EDR-3), Test No. MGSNB-1 
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Figure E-12. 10-ms Average Lateral Deceleration (EDR-3), Test No. MGSNB-1 
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Figure E-13. Lateral Occupant Impact Velocity (EDR-3), Test No. MGSNB-1 
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Figure E-14. Lateral Occupant Displacement (EDR-3), Test No. MGSNB-1 
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Figure E-15. Acceleration Severity Index (EDR-3), Test No. MGSNB-1 
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Appendix F. Accelerometer and Rate Transducer Data Plots, Test No. MGSNB-2 
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Figure F-1. 10-ms Average Longitudinal Deceleration (DTS), Test No. MGSNB-2 
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Figure F-2. Longitudinal Occupant Impact Velocity (DTS), Test No. MGSNB-2 
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Figure F-3. Longitudinal Occupant Displacement (DTS), Test No. MGSNB-2 
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Figure F-4. 10-ms Average Lateral Deceleration (DTS), Test No. MGSNB-2 
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Figure F-5. Lateral Occupant Impact Velocity (DTS), Test No. MGSNB-2 
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Figure F-6. Lateral Occupant Displacement (DTS), Test No. MGSNB-2
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Figure F-7. Vehicle Angular Displacements (DTS), Test No. MGSNB-2 
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Figure F-8. Acceleration Severity Index (DTS), Test No. MGSNB-2 
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Figure F-9. 10-ms Average Longitudinal Deceleration (EDR-4), Test No. MGSNB-2 
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Figure F-10. Longitudinal Occupant Impact Velocity (EDR-4), Test No. MGSNB-2 
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Figure F-11. Longitudinal Occupant Displacement (EDR-4), Test No. MGSNB-2 
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Figure F-12. 10-ms Average Lateral Deceleration (EDR-4), Test No. MGSNB-2 
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Figure F-13. Lateral Occupant Impact Velocity (EDR-4), Test No. MGSNB-2 
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Figure F-14. Lateral Occupant Displacement (EDR-4), Test No. MGSNB-2 
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Figure F-15. Vehicle Angular Displacements (EDR-4), Test No. MGSNB-2 
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Figure F-16. Acceleration Severity Index (EDR-4), Test No. MGSNB-2 
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Figure F-17. 10-ms Average Longitudinal Deceleration (EDR-3), Test No. MGSNB-2 
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Figure F-18. Longitudinal Occupant Impact Velocity (EDR-3), Test No. MGSNB-2 
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Figure F-19. Longitudinal Occupant Displacement (EDR-3), Test No. MGSNB-2 
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Figure F-20. 10-ms Average Lateral Deceleration (EDR-3), Test No. MGSNB-2 
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Figure F-21. Lateral Occupant Impact Velocity (EDR-3), Test No. MGSNB-2 
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Figure F-22. Lateral Occupant Displacement (EDR-3), Test No. MGSNB-2 
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Figure F-23. Acceleration Severity Index (EDR-3), Test No. MGSNB-2 
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Appendix G. Summary of Test Results  
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Figure G-1. Summary of Test Results and Sequential Photographs, Test No. 220570-4 (T-31), NCHRP 350 Test 3-10 [8] 
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Figure G-2. Summary of Test Results and Sequential Photographs, Test No. GMS-2, NCHRP 350 Test 3-10 [9] 
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 Test Agency ............................................................................................ MwRSF 
 Test Number ........................................................................................ MGSNB-2 
 Date  ................................................................................................... 6/15/2011 
 MASH Test Designation ............................................................................... 3-10 
 Test Article ............................................................................ Non-Blocked MGS  
 Total Length  ..................................................................... 181 ft - 3 in. (55.3 m) 
 Key Component – Steel MGS 

 Thickness ................................................................... 12 gauge (2.66 mm) 
 Top Mounting Height ...................................................... 32 in. (813 mm) 

 Key Component – Steel Posts 
 Post Type ................................ W6x8.5 by 6’ (W152x12.6 by 1,829 mm) 
 Post Spacing ................................................................. 75 in. (1,905 mm) 

 Key Component – Steel W-beam Backup Plates 
 Thickness ................................................................... 12 gauge (2.66 mm) 
 Length .............................................................................. 12 in. (305 mm) 

 Soil Type ............................................. Grading B - AASHTO M 147-65 (1990) 
 Vehicle Make /Model...................................................................... 2005 Kia Rio 

  Curb ............................................................................ 2,375 lb (1,077 kg) 
  Test Inertial ...............................................................  2,408 lb (1,092 kg) 
  Gross Static ................................................................ 2,578 lb (1,169 kg) 

 Impact Conditions 
 Speed  ................................................................... 63.0 mph (101.4 km/h) 
 Angle  .......................................................................................... 25.5 deg 

  Impact Location ............. 8 ft - 11¼ in. (2.7 m) upstream of  Post No. 15 
 Exit Conditions 

 Speed  ..................................................................... 25.7 mph (41.4 km/h) 
  Angle  .......................................................................................... 19.1 deg 

 Exit Box Criterion ......................................................................................... Pass 
 Vehicle Stability ................................................................................ Satisfactory 
 Vehicle Stopping Distance ................................ 76 ft-9 in. (23.4 m) downstream 

  10 in. (0.3 M) laterally in front 
 

 Vehicle Damage 
  VDS[13] ...................................................................................... 01-RFQ-5 
  CDC[14] .................................................................................. 01-RYEW-4 
  Maximum Interior Deformation ...................................... 1¼ in. (32 mm) 
 Test Article Damage .................................................................................... Moderate 
 Test Article Deflections 
  Permanent Set .................................................................. 13 7/8 in. (352 mm) 
  Dynamic ............................................................................. 29.1 in. (740 mm) 
  Working Width ................................................................... 34.5 in. (877 mm) 
 Maximum Angular Displacements 
  Roll ................................................................................................ 8.27° < 75° 
  Pitch ............................................................................................... 3.98° < 75° 
  Yaw........................................................................................................ 14.24° 
 Impact Severity (IS).................................. 59.3 kip-ft (80.4 kJ) > 51 kip-ft (69.7 kJ) 
 Transducer Data 

Evaluation Criteria 
Transducer MASH       

Limit EDR-3 DTS 

OIV 
ft/s  

(m/s) 

Longitudinal -31.17 (-9.81) -31.26 (-9.53) 
≤ 40 

(12.2) 

Lateral -15.46 (-4.71) -15.83 (-4.82) 
≤ 40 

(12.2) 

ORA 
g’s 

Longitudinal -10.47 -10.20 ≤ 20.49 

Lateral -6.03 -6.30 ≤ 20.49 

THIV – ft/s (m/s) NA 34.65 (10.56) 
not 

required 

PHD – g’s NA 10.21 
not 

required

ASI 0.97 1.04 
not 

required
 

Figure G-3. Summary of Test Results and Sequential Photographs, Test No. MGSNB-2, MASH Test 3-10 
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Figure G-4. Summary of Test Results and Sequential Photographs, Test No. NPG-1, NCHRP 350 Test 3-10 [3]
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Figure G-5.  Summary of Test Results and Sequential Photographs, Test No. 2214MG-3, MASH Test 3-10 [3] 
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Figure G-6.  Summary of Test Results and Sequential Photographs, Test No. 420020-5, MASH Test 3-10 [15] 
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Figure G-7.  Summary of Test Results and Sequential Photographs, Test No. 220570-2 (T-31), MASH Test 3-11 [8] 
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Figure G-8.  Summary of Test Results and Sequential Photographs, Test No. GMS-1, MASH Test 3-11 [9] 
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 Test Agency ............................................................................................ MwRSF 
 Test Number ........................................................................................ MGSNB-1 
 Date  ................................................................................................... 5/17/2011 
 MASH Test Designation ............................................................................... 3-11 
 Test Article ............................................................................ Non-Blocked MGS 
 Total Length  ..................................................................... 181 ft - 3 in. (55.3 m) 
 Key Component – Steel MGS Rail  

 Thickness ................................................................... 12 gauge (2.66 mm) 
 Top Mounting Height ...................................................... 31 in. (787 mm) 

 Key Component – Steel Posts 
 Post Type ............................... W6x8.5 by 6’ (W152x12.6 by 1,829 mm ) 
 Post Spacing ................................................................. 75 in. (1,905 mm) 

 Key Component – Steel W-beam Backup Plates 
 Thickness ................................................................... 12 gauge (2.66 mm) 
 Length .............................................................................. 12 in. (305 mm) 

 Soil Type ............................................. Grading B - AASHTO M 147-65 (1990) 
 Vehicle Make /Model.................................... 2004 Dodge Ram 1500 Quad Cab 

  Curb ...........................................................................  4,955 lb (2,248 kg) 
  Test Inertial ...............................................................  5,011 lb (2,273 kg) 
  Gross Static ................................................................ 5,181 lb (2,350 kg) 

 Impact Conditions 
 Speed  ................................................................... 62.7 mph (100.9 km/h) 
 Angle  .......................................................................................... 24.7 deg 

  Impact Location ................. 14 ft - 3 in. (4.3 m) upstream of Post No. 15 
 Exit Conditions 

 Speed  ..................................................................... 47.4 mph (76.3 km/h) 
  Angle  .......................................................................................... 14.4 deg 

 Exit Box Criterion ......................................................................................... Pass 
 Vehicle Stability ................................................................................ Satisfactory 
 Vehicle Stopping Distance ......................... 197 ft – 11 in. (60.3 m) downstream 

  ..... 33 ft – 6 in. (10.2 m) laterally behind 
 

 Vehicle Damage .......................................................................... Moderate 
  VDS[13] ............................................................................. 01-RFQ-4 
  CDC[14] ......................................................................... 01-RYEW-3 
  Maximum Interior Deformation ............................. 1¼ in. (32 mm) 
 Test Article Damage .................................................................... Moderate 
 Test Article Deflections 
  Permanent Set .................................................. 19 3/8 in. (492 mm) 
  Dynamic ............................................................. 34.1 in. (867 mm) 
  Working Width ................................................ 43.2 in. (1,097 mm) 
 Maximum Angular Displacements 
  Roll ............................................................................... 15.7 ° < 75° 
  Pitch ................................................................................. 5.3° < 75° 
  Yaw.......................................................................................... 50.6° 
 Impact Severity (IS)..............115.1 kip-ft (156.1 kJ) > 106 kip-ft (144 kJ) 
 Transducer Data 

Evaluation Criteria 
Transducer MASH       

Limit EDR-3 DTS 

OIV 
ft/s  

(m/s) 

Longitudinal -19.40 (-5.91) -17.13 (-5.22) 
≤ 40 

(12.2) 

Lateral -17.22 (-5.25) -18.67 (-5.69) 
≤ 40 

(12.2) 

ORA 
g’s 

Longitudinal -11.20 -11.49 ≤ 20.49 

Lateral -8.51 -12.91 ≤ 20.49 

THIV – ft/s (m/s) NA 24.09 (7.34) 
not 

required 

PHD – g’s NA 14.0 
not 

required

ASI 0.86 0.90 
not 

required

Figure G-9. Summary of Test Results and Sequential Photographs, Test No. MGSNB-1, MASH Test 3-10 
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Figure G-10. Summary of Test Results and Sequential Photographs, Test No. NPG-4, NCHRP 350 Test 3-11 [1] 
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Figure G-11. Summary of Test Results and Sequential Photographs, Test No. 2214MG-2, MASH Test 3-11 [2] 
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