
TTI: 0-6954 

MASH TL-3 EVALUATION OF 

GUARDRAIL TO RIGID BARRIER 

TRANSITION ATTACHED TO BRIDGE 

OR CULVERT STRUCTURE 

Test Report 0-6954-R1 
Cooperative Research Program 

in cooperation with the 

Federal Highway Administration and the 

Texas Department of Transportation 

http://tti.tamu.edu/documents/0-6954-R1.pdf 

TEXAS A&M TRANSPORTATION INSTITUTE 

COLLEGE STATION, TEXAS 

TEXAS DEPARTMENT OF TRANSPORTATION 

ISO 17025 Laboratory 
Testing Certificate # 2821.01 

Crash testing performed at:  

TTI Proving Ground  

3100 SH 47, Building 7091 

Bryan, TX 77807  

http://tti.tamu.edu/documents/0-6954-R1.pdf




Technical Report Documentation Page 

1. Report No.

FHWA/TX-19/0-6954-R1 
2. Government Accession No. 3. Recipient's Catalog No.

4. Title and Subtitle 

MASH TL-3 EVALUATION OF GUARDRAIL TO RIGID BARRIER 

TRANSITION ATTACHED TO BRIDGE OR CULVERT 

STRUCTURE  

5. Report Date 

Published: October 2020 

6. Performing Organization Code 

7. Author(s)

William F. Williams, Akram Y. Abu-Odeh, Maysam Kiani, 
Melissa Martinez, Sana Moran, Wanda L. Menges, Glenn E. 

Schroeder, and Bill L. Griffith 

8. Performing Organization Report No.

Report 0-6954-R1 

9. Performing Organization Name and Address

Texas A&M Transportation Institute 

College Station, Texas 77843-3135  

10. Work Unit No. (TRAIS)

11. Contract or Grant No.

Project 0-6954 

12. Sponsoring Agency Name and Address

Texas Department of Transportation 

Research and Technology Implementation Office 

125 E. 11th Street  

Austin, Texas 78701-2483 

13. Type of Report and Period Covered 

Technical Report: 

September 2018–August 2019 
14. Sponsoring Agency Code

15. Supplementary Notes

Project performed in cooperation with the Texas Department of Transportation and the Federal Highway 

Administration. 

Project Title: Guardrail to Rigid Barrier Transition Attached to Bridge or Culvert Structure 

URL: http://tti.tamu.edu/documents/0-6954-R1.pdf 
16. Abstract 

TTI researchers performed an extensive literature review of bridge railing transitions crash tested to 

MASH TL-3, and incorporated the information obtained from this review into the design and details for the 

new transition testing developed for this project. TTI researchers developed concepts for the new transition 

anchored to a concrete wing wall. 

TTI researchers developed a full-scale, three-dimensional finite element model of the guardrail 

transition. The modeling effort included developing and validating a subcomponent level model of the post 

installed on concrete. 

Upon completion of the simulations, TTI researchers processed the results and assessed the likelihood 

of the transition system passing the required MASH crash tests. TTI researchers noted the design deficiencies 

and recommended design modifications to the system to mitigate those deficiencies.  

TTI researchers developed full-scale test installation drawings of the design after the finite element 

model simulations were completed and all the results were reviewed with favorable results. After approval of 

the test installation drawings by TxDOT, construction of a full-scale test installation for crash testing 

commenced, and crash tests were performed on the full-scale test installation. The Guardrail to Rigid Barrier 

Transition Attached to Bridge or Culvert Structure, used on the upstream and downstream ends, performed 

acceptably for MASH TL-3 transitions. 

17. Key Words

Transitions, Guardrail, Thrie Beam, W-Beam, Rub Rail, 

Bridge Rail, Culvert, Parapet, Crash Testing, 

Longitudinal Barriers, Roadside Safety 

18. Distribution Statement 

No restrictions. This document is available to the public 

through NTIS: 

National Technical Information Service 

Alexandria, Virginia 

http://www.ntis.gov 
19. Security Classif.(of this report)

Unclassified 
20. Security Classif.(of this page)

Unclassified 
21. No. of Pages

174
22. Price 

 Form DOT F 1700.7 (8-72)  Reproduction of completed page authorized 





MASH TL-3 EVALUATION OF GUARDRAIL TO RIGID BARRIER 

TRANSITION ATTACHED TO BRIDGE OR CULVERT 

STRUCTURE 

by 

William F. Williams, P.E. 

Associate Research Engineer 

Texas A&M Transportation Institute 

Akram Y. Abu-Odeh, Ph.D. 

Research Scientist 

Texas A&M Transportation Institute 

Maysam Kiani, Ph.D. 
Associate Transportation Researcher
Texas A&M Transportation Institute

Melissa Martinez 

Graduate Assistant Research 

Texas A&M Transportation Institute 

Sana Moran 

Assistant Transportation Researcher 

Texas A&M Transportation Institute 

Wanda L. Menges 

Research Specialist 

Texas A&M Transportation Institute 

Glenn E. Schroeder 

Research Specialist 

Texas A&M Transportation Institute 

Bill L. Griffith 

Research Specialist 

Texas A&M Transportation Institute 

Report 0-6954-R1 

Project 0-6954 

Project Title: Guardrail to Rigid Barrier Transition Attached to Bridge or Culvert Structure 

Performed in cooperation with the 

Texas Department of Transportation 

and the 

Federal Highway Administration 

Published: October 2020 

TEXAS A&M TRANSPORTATION INSTITUTE 

College Station, Texas 77843-3135





TR No. 0-6954-R1 vii 2020-10-12 

DISCLAIMER 

This research was performed in cooperation with the Texas Department of Transportation 

(TxDOT) and the Federal Highway Administration (FHWA). The contents of this report reflect 

the views 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 view or policies of the FHWA or 

TxDOT. This report does not constitute a standard, specification, or regulation. 

This report is not intended for construction, bidding, or permit purposes. The researcher 

in charge of the project was William F. Williams, P.E. #71898.  

The United States Government and the State of Texas do not endorse products or 

manufacturers. Trade or manufacturers’ names appear herein solely because they are considered 

essential to the object of this report. 

 

TTI PROVING GROUND DISCLAIMER 

The results of the crash testing reported herein apply only to the article tested. 

 

 

REPORT AUTHORIZATION 

 
   

   

 

 

 

Bill L. Griffith, Research Specialist  

Deputy Quality Manager 

 Darrell L. Kuhn, P.E., Research Specialist  

Quality Manager 
   

   

Matthew N. Robinson, Research Specialist  

Test Facility Manager & Technical Manager 

 William F. Williams, P.E. 

Associate Research Engineer 

 

 



TR No. 0-6954-R1 viii 2020-10-12 

ACKNOWLEDGMENTS 

This project was conducted in cooperation with TxDOT and FHWA. The authors thank 

Chris Lindsay, Taya Retterer, and Jon Reis with TxDOT for their invaluable assistance and input 

on this project.  



TR No. 0-6954-R1 ix 2020-10-12 

TABLE OF CONTENTS 

Page 

List of Figures .............................................................................................................................. xii 

List of Tables ............................................................................................................................... xv 
Chapter 1:  Introduction .............................................................................................................. 1 

1.1 Problem ........................................................................................................................... 1 
1.2 Background ..................................................................................................................... 1 
1.3 Objective/Scope of Research .......................................................................................... 1 

1.3.1 Task 1. Project Management and Research Coordination ...................................... 1 
1.3.2 Task 2. Literature Review ....................................................................................... 2 

1.3.3 Task 3. Develop Concepts, Engineering Design, and Component Testing ............ 2 
1.3.4 Task 4. Finite Element Model Simulations............................................................. 2 
1.3.5 Construction of Full-Scale Test Installation and Crash Testing ............................. 3 

Chapter 2:  Literature Review ..................................................................................................... 5 

2.1 Introduction ..................................................................................................................... 5 
2.2 Development and Implementation of the Simplified MGS Stiffness Transition ............ 5 
2.3 Evaluation of the Midwest Guardrail System Stiffness Transition with Curb ............... 6 

2.4 MASH Test 3-21 on TL-3 Thrie Beam Transition Without Curb ................................... 9 
2.5 MASH TL-3 Testing and Evaluation of the TxDOT T131RC Bridge Rail 

Transition ................................................................................................................................ 10 
2.6 Summary and Conclusions from Literature Search ...................................................... 11 

Chapter 3:  Develop Concepts, Engineering Design, and Component Testing ..................... 13 

3.1 Introduction ................................................................................................................... 13 

3.2 Option 1. Baseplated Post Transition Design with Rub Rail ........................................ 14 
3.3 Option 2. Side Mounted Post Option with Concrete Curb (No Rub Rail) ................... 15 
3.4 Summary and Conclusions ........................................................................................... 15 

Chapter 4:  Finite Element Model Simulations ........................................................................ 17 
4.1 Introduction ................................................................................................................... 17 

4.2 System Design .............................................................................................................. 17 
4.3 Detailed Modeling ........................................................................................................ 17 
4.4 Simulation of MASH Test 3-21: Truck Impacting New Barrier Transition .................. 23 
4.5 Simulation of MASH Test 3-21: Small Car Impacting Guardrail System with 

Rigid Barrier Transition .......................................................................................................... 25 
4.6. Summary and Conclusions ........................................................................................... 26 

Chapter 5:  Test Requirements and Evaluation Criteria ........................................................ 29 

5.1 Crash Test Matrix ......................................................................................................... 29 
5.2 Evaluation Criteria ........................................................................................................ 31 

Chapter 6:  Test Conditions ....................................................................................................... 33 
6.1 Test Facility .................................................................................................................. 33 

6.2 Vehicle Tow and Guidance System .............................................................................. 33 
6.3 Data Acquisition Systems ............................................................................................. 33 

6.3.1 Vehicle Instrumentation and Data Processing ...................................................... 33 
6.3.2 Anthropomorphic Dummy Instrumentation ......................................................... 34 
6.3.3 Photographic Instrumentation and Data Processing ............................................. 35 



TR No. 0-6954-R1 x 2020-10-12 

TABLE OF CONTENTS (CONTINUED) 

Page 

Chapter 7:  MASH TL-3 Tests on Upstream Transition ......................................................... 37 

7.1 Test Article and Installation Details ............................................................................. 37 
7.2 Material Specifications ................................................................................................. 37 
7.3 Soil Conditions.............................................................................................................. 37 
7.4 MASH Test 3-20 (Crash Test No. 469549-01-1) .......................................................... 40 

7.4.1 Test Designation and Actual Impact Conditions .................................................. 40 

7.4.2 Weather Conditions .............................................................................................. 40 
7.4.3 Test Vehicle .......................................................................................................... 40 

7.3.4 Test Description .................................................................................................... 41 
7.4.5 Damage to Test Installation .................................................................................. 42 
7.4.6 Damage to Test Vehicle ........................................................................................ 42 
7.4.7 Occupant Risk Factors .......................................................................................... 42 

7.5 MASH Test 3-21 (Crash Test No. 469549-01-2) .......................................................... 46 
7.5.1 Test Designation and Actual Impact Conditions .................................................. 46 
7.5.2 Weather Conditions .............................................................................................. 46 

7.5.3 Test Vehicle .......................................................................................................... 46 
7.5.4 Test Description .................................................................................................... 47 

7.5.5 Damage to Test Installation .................................................................................. 47 
7.5.6 Vehicle Damage .................................................................................................... 48 
7.5.7 Occupant Risk Factors .......................................................................................... 49 

Chapter 8:  MASH Test 3-21 on Downstream Transition ....................................................... 53 

8.1 Test Article and Installation Details ............................................................................. 53 
8.2 Material Specifications ................................................................................................. 53 
8.3 Soil conditions .............................................................................................................. 53 

8.4 MASH Test 3-21 (Crash Test No. 469549-01-4) .......................................................... 53 
8.4.1 Test Designation and Actual Impact Conditions .................................................. 53 

8.4.2 Weather Conditions .............................................................................................. 53 
8.4.3 Test Vehicle .......................................................................................................... 53 
8.4.4 Test Description .................................................................................................... 54 
8.4.5 Damage to Test Installation .................................................................................. 55 

8.4.6 Vehicle Damage .................................................................................................... 55 
8.4.7 Occupant Risk Factors .......................................................................................... 55 

Chapter 9:  Summary and Conclusions .................................................................................... 59 

9.1 Summary of Results ...................................................................................................... 59 
9.2 Conclusions ................................................................................................................... 59 

Chapter 10:  Implementation ..................................................................................................... 65 
References .................................................................................................................................... 67 

Appendix A.  Details of the Transition ................................................................................. 69 
Appendix B.  Supporting Certification Documents ............................................................ 89 
Appendix C.  Soil Properties ............................................................................................... 115 
  



TR No. 0-6954-R1 xi 2020-10-12 

TABLE OF CONTENTS (CONTINUED) 

Page 

Appendix D.  MASH Test 3-20 (Crash Test No. 469549-01-1) ......................................... 119 

D.1 Vehicle Properties and Information ............................................................................ 119 
D.2 Sequential Photographs ............................................................................................... 122 
D.3 Vehicle Angular Displacement ................................................................................... 125 
D.4 Vehicle Accelerations ................................................................................................. 126 

Appendix E.  MASH Test 3-21 (Crash Test No. 469549-01-2) ......................................... 133 

E.1 Vehicle Properties and Information ............................................................................ 133 
E.2 Sequential Photographs ............................................................................................... 137 

E.3 Vehicle Angular Displacement ................................................................................... 140 
E.4 Vehicle Accelerations ................................................................................................. 141 

Appendix F.  MASH Test 3-21 (Crash Test No. 469549-01-4) ......................................... 147 
F.1 Vehicle Properties and Information ............................................................................ 147 

F.2 Sequential Photographs ............................................................................................... 151 
F.3 Vehicle Angular Displacement ................................................................................... 154 
F.4 Vehicle Accelerations ................................................................................................. 155 

 



TR No. 0-6954-R1 xii 2020-10-12 

LIST OF FIGURES 

Page 

 

Figure 2.1. Test Impact Drawings for Test No. MWTSP-2. ..................................................... 5 
Figure 2.2. Test Impact Drawings for Test No. MWTSP-3. ..................................................... 6 
Figure 2.3. Adapted Simplified Steel-Post Stiffness Transition (Transition to Thrie 

Beam and Tube Bridge Railing Steel Post Version). .............................................. 6 
Figure 2.4. Test Impact Drawings for Test No. MWTC-1. ....................................................... 7 

Figure 2.5. Test Impact Drawings for Test No. MWTC-2. ....................................................... 7 
Figure 2.6. Test Impact Drawings for Test No. MWTC-3. ....................................................... 7 
Figure 2.7. MGS to Thrie Beam Stiffness Transition Details (a) without a Curb and 

(b) with a Curb, 4-Inch Maximum Curb Height. .................................................... 8 
Figure 2.8. Thrie Beam Transition without Curb. ..................................................................... 9 
Figure 2.9. T131RC Bridge Rail Transition Impact View. ..................................................... 10 

Figure 2.10. T131RC Bridge Rail Transition Connection. ....................................................... 10 
Figure 2.11. T131RC Bridge Rail Transition Connection Field View. .................................... 11 
Figure 3.1. TXDOT Transition Anchored on Top of 12-Inch Wide Wing Wall. ................... 13 

Figure 3.2. Option 1 Installation Details. ................................................................................ 14 
Figure 3.3. Option 1 Post Details. ........................................................................................... 15 

Figure 3.4. Option 2 Installation Details. ................................................................................ 16 
Figure 4.1. Plan View and Elevation of Installation. .............................................................. 18 
Figure 4.2. Wingwall Details. ................................................................................................. 19 

Figure 4.3. Wingwall Transition. ............................................................................................ 20 
Figure 4.4. Details of Rub Rail................................................................................................ 21 

Figure 4.5. Parapet, Moment Slab, and Wingwall. ................................................................. 22 
Figure 4.6. Front View of System. .......................................................................................... 22 

Figure 4.7. Wingwall Transition. ............................................................................................ 22 
Figure 4.8. Front View of Wingwall Transition. ..................................................................... 23 

Figure 4.9. MASH 1100C Test Vehicle Model. ...................................................................... 23 
Figure 4.10. MASH 2270P Test Vehicle Model. ....................................................................... 23 
Figure 4.11. MASH 2270P Vehicle/Installation Setup – Isometric View. ................................ 24 
Figure 4.12. MASH 2270P Vehicle/Installation Setup – Front View. ....................................... 24 

Figure 4.13. MASH 2270P Vehicle/Installation Setup – Rear View. ........................................ 24 
Figure 4.14. MASH 2270P Vehicle/Installation Setup – Top View. ......................................... 25 
Figure 4.15. MASH 1100C Vehicle/Installation Setup – Isometric View. ................................ 25 
Figure 4.16. MASH 1100C Vehicle/Installation Setup – Front View. ...................................... 26 

Figure 4.17. MASH 1100C Vehicle/Installation Setup – Top View. ........................................ 26 
Figure 4.18. MASH 1100C Vehicle Pocketing into Opening Above Flared Rube Rail 

Span....................................................................................................................... 27 

Figure 4.19. MASH 1100C Vehicle Pocketing into Opening Above Flared Rub Rail.............. 27 
Figure 4.20. MASH 2270P Vehicle Interacting with W-Beam and Flared Rub Rail. ............... 28 
Figure 4.21. MASH 2270P Vehicle Overriding System. ........................................................... 28 
Figure 5.1. Target CIP for MASH Test 3-20 on the Upstream Transition. ............................. 29 
Figure 5.2. Target CIP for MASH Test 3-21 on the Upstream Transition. ............................. 30 
Figure 5.3. Target CIP for MASH Test 3-21 on the Downstream Transition. ......................... 31 



TR No. 0-6954-R1 xiii 2020-10-12 

LIST OF FIGURES (CONTINUED) 

Page 

Figure 7.1. Installation Details for Upstream Transition......................................................... 38 

Figure 7.2. Upstream Transition prior to Testing. ................................................................... 39 
Figure 7.3. Upstream Transition/Test Vehicle Geometrics for Test No. 469549-01-1. .......... 41 
Figure 7.4. Test Vehicle before Test No. 469549-01-1........................................................... 41 
Figure 7.5. Upstream Transition after Test No. 469549-01-1. ................................................ 43 
Figure 7.6. Test Vehicle after Test No. 469549-01-1. ............................................................ 43 

Figure 7.7. Interior of Test Vehicle after Test No. 469549-01-1. ........................................... 44 
Figure 7.8. Summary of Results for MASH Test 3-20 on Upstream Transition. .................... 45 

Figure 7.9. Upstream Transition/Test Vehicle Geometrics for Test No. 469549-01-2. .......... 46 
Figure 7.10. Test Vehicle before Test No. 469549-01-2........................................................... 47 
Figure 7.11. Upstream Transition after Test No. 469549-01-2. ................................................ 48 
Figure 7.12. Test Vehicle after Test No. 469549-01-2. ............................................................ 49 

Figure 7.13. Interior of Test Vehicle for Test No. 469549-01-2. .............................................. 49 
Figure 7.14. Summary of Results for MASH Test 3-21 on Upstream Transition. .................... 51 
Figure 8.1. Downstream Transition/Test Vehicle Geometrics for Test No.  

469549-01-4. ......................................................................................................... 54 
Figure 8.2. Test Vehicle before Test No. 469549-01-4........................................................... 54 

Figure 8.3. Downstream Transition after Test No. 469549-01-4. ........................................... 56 
Figure 8.4. Test Vehicle after Test No. 469549-01-4. ............................................................ 56 
Figure 8.5. Interior of Test Vehicle for Test No. 469549-01-4. .............................................. 57 

Figure 8.6. Summary of Results for MASH Test 3-21 on Downstream Transition. ............... 58 

Figure D.1. Sequential Photographs for Test No. 469549-01-1 (Overhead and Frontal 

Views). ................................................................................................................ 122 
Figure D.2. Sequential Photographs for Test No. 469549-01-1 (Rear View). ....................... 124 

Figure D.3. Vehicle Angular Displacements for Test No. 469549-01-1. .............................. 125 
Figure D.4. Vehicle Longitudinal Accelerometer Trace for Test No. 469549-01-1 

(Accelerometer Located at Center of Gravity). .................................................. 126 
Figure D.5. Vehicle Lateral Accelerometer Trace for Test No. 469549-01-1 

(Accelerometer Located at Center of Gravity). .................................................. 127 
Figure D.6. Vehicle Vertical Accelerometer Trace for Test No. 469549-01-1 

(Accelerometer Located at Center of Gravity). .................................................. 128 
Figure D.7. Vehicle Longitudinal Accelerometer Trace for Test No. 469549-01-1 

(Accelerometer Located Rear of Center of Gravity). ......................................... 129 

Figure D.8. Vehicle Lateral Accelerometer Trace for Test No. 469549-01-1 

(Accelerometer Located Rear of Center of Gravity). ......................................... 130 
Figure D.9. Vehicle Vertical Accelerometer Trace for Test No. 469549-01-1 

(Accelerometer Located Rear of Center of Gravity). ......................................... 131 

Figure E.1. Sequential Photographs for Test No. 469549-01-2 (Overhead and Frontal 

Views). ................................................................................................................ 137 
Figure E.2. Sequential Photographs for Test No. 469549-01-2 (Rear View). ....................... 139 
Figure E.3. Vehicle Angular Displacements for Test No. 469549-01-2. .............................. 140 

  



TR No. 0-6954-R1 xiv 2020-10-12 

LIST OF FIGURES (CONTINUED) 

Page 

Figure E.4. Vehicle Longitudinal Accelerometer Trace for Test No. 469549-01-2 

(Accelerometer Located at Center of Gravity). .................................................. 141 
Figure E.5. Vehicle Lateral Accelerometer Trace for Test No. 469549-01-2 

(Accelerometer Located at Center of Gravity). .................................................. 142 
Figure E.6. Vehicle Vertical Accelerometer Trace for Test No. 469549-01-2 

(Accelerometer Located at Center of Gravity). .................................................. 143 

Figure E.7. Vehicle Longitudinal Accelerometer Trace for Test No. 469549-01-2 

(Accelerometer Located Rear of Center of Gravity). ......................................... 144 

Figure E.8. Vehicle Lateral Accelerometer Trace for Test No. 469549-01-2 

(Accelerometer Located Rear of Center of Gravity). ......................................... 145 
Figure E.9. Vehicle Vertical Accelerometer Trace for Test No. 469549-01-2 

(Accelerometer Located Rear of Center of Gravity). ......................................... 146 

Figure F.1. Sequential Photographs for Test No. 469549-01-4 (Overhead and Frontal 

Views). ................................................................................................................ 151 
Figure F.2. Sequential Photographs for Test No. 469549-01-4 (Rear View). ....................... 153 

Figure F.3. Vehicle Angular Displacements for Test No. 469549-01-4. .............................. 154 
Figure F.4. Vehicle Longitudinal Accelerometer Trace for Test No. 469549-01-4 

(Accelerometer Located at Center of Gravity). .................................................. 155 
Figure F.5. Vehicle Lateral Accelerometer Trace for Test No. 469549-01-4 

(Accelerometer Located at Center of Gravity). .................................................. 156 

Figure F.6. Vehicle Vertical Accelerometer Trace for Test No. 469549-01-4 

(Accelerometer Located at Center of Gravity). .................................................. 157 
Figure F.7. Vehicle Longitudinal Accelerometer Trace for Test No. 469549-01-4 

(Accelerometer Located Rear of Center of Gravity). ......................................... 158 

Figure F.8. Vehicle Lateral Accelerometer Trace for Test No. 469549-01-4 

(Accelerometer Located Rear of Center of Gravity). ......................................... 159 

Figure F.9. Vehicle Vertical Accelerometer Trace for Test No. 469549-01-4 

(Accelerometer Located Rear of Center of Gravity). ......................................... 160 
 

 



TR No. 0-6954-R1 xv 2020-10-12 

LIST OF TABLES 

 Page 

 

Table 1.1. Qualitative and Economic Benefit Areas. ............................................................... 2 
Table 5.1. Test Conditions and Evaluation Criteria Specified for MASH TL-3 

Transitions............................................................................................................. 29 
Table 5.2. Evaluation Criteria Required for MASH TL-3 Transitions. .................................. 32 
Table 7.1. Events during Test No. 469549-01-1. ................................................................... 41 

Table 7.2. Occupant Risk Factors for Test No. 469549-01-1. ............................................... 44 
Table 7.3. Events during Test No. 469549-01-2. ................................................................... 47 
Table 7.4. Occupant Risk Factors for Test No. 469549-01-2. ............................................... 50 

Table 8.1. Events during Test No. 469549-01-4. ................................................................... 55 
Table 8.2. Occupant Risk Factors for Test No. 469549-01-4. ............................................... 57 
Table 9.1. Performance Evaluation Summary for MASH Test 3-20 on Upstream 

Transition. ............................................................................................................. 60 
Table 9.2. Performance Evaluation Summary for MASH Test 3-21 on Upstream 

Transition. ............................................................................................................. 61 

Table 9.3. Performance Evaluation Summary for MASH Test 3-21 on Downstream 

Transition. ............................................................................................................. 62 

Table 9.4. Assessment Summary for MASH TL-3 Tests on Guardrail to Rigid Barrier 

Transition Attached to Bridge or Culvert Structure. ............................................. 63 
Table C.1. Summary of Strong Soil Test Results for Establishing Installation 

Procedure. ........................................................................................................... 115 
Table C.2. Test Day Static Soil Strength Documentation for Test No. 469549-01-1. ......... 116 

Table C.3. Test Day Static Soil Strength Documentation for Test No. 469549-01-2. ......... 117 
Table C.4. Test Day Static Soil Strength Documentation for Test No. 469549-01-4. ......... 118 

Table D.1. Vehicle Properties for Test No. 469549-01-1. .................................................... 119 
Table D.2. Exterior Crush Measurements of Vehicle for Test No. 469549-01-1. ................ 120 

Table D.3. Occupant Compartment Measurements of Vehicle for Test No. 469549-1. ...... 121 
Table E.1. Vehicle Properties for Test No. 469549-01-2. .................................................... 133 
Table E.2. Measurements of Vehicle Vertical CG for Test No. 469549-01-2. .................... 134 
Table E.3. Exterior Crush Measurements of Vehicle for Test No. 469549-01-2. ................ 135 

Table E.4. Occupant Compartment Measurements of Vehicle for Test No. 

469549-01-2. ....................................................................................................... 136 
Table F.1. Vehicle Properties for Test No. 469549-01-4. .................................................... 147 
Table F.2. Measurements of Vehicle Vertical CG for Test No. 469549-01-4. .................... 148 

Table F.3. Exterior Crush Measurements of Vehicle for Test No. 469549-01-4. ................ 149 
Table F.4. Occupant Compartment Measurements of Vehicle for Test No. 

469549-01-4. ....................................................................................................... 150 



 

 

SI* (MODERN METRIC) CONVERSION FACTORS 
APPROXIMATE CONVERSIONS TO SI UNITS 

Symbol When You Know Multiply By To Find Symbol 

LENGTH 
in inches 25.4 millimeters mm 
ft feet 0.305 meters m 
yd yards 0.914 meters m 
mi miles 1.61 kilometers km 

AREA 
in2 square inches 645.2 square millimeters mm2 
ft2 square feet 0.093 square meters m2 
yd2 square yards 0.836 square meters m2 
ac acres 0.405 hectares ha 
mi2 square miles 2.59 square kilometers km2 

VOLUME 
fl oz fluid ounces 29.57 milliliters mL 
gal gallons 3.785 liters L 
ft3 cubic feet 0.028 cubic meters m3 
yd3 cubic yards 0.765 cubic meters m3 
 NOTE: volumes greater than 1000L shall be shown in m3  

MASS 
oz ounces 28.35 grams g 
lb pounds 0.454 kilograms kg 
T short tons (2000 lb) 0.907 megagrams (or metric ton”) Mg (or “t”) 

TEMPERATURE (exact degrees) 
°F Fahrenheit 5(F-32)/9 Celsius °C 
  or (F-32)/1.8   

FORCE and PRESSURE or STRESS 
lbf poundforce 4.45 newtons N 
lbf/in2 poundforce per square inch 6.89 kilopascals kPa 

APPROXIMATE CONVERSIONS FROM SI UNITS 

Symbol When You Know Multiply By To Find Symbol 

LENGTH 
mm millimeters 0.039 inches in 
m meters 3.28 feet ft 
m meters 1.09 yards yd 
km kilometers 0.621 miles mi 

AREA 
mm2 square millimeters 0.0016 square inches in2 
m2 square meters 10.764 square feet ft2 
m2 square meters 1.195 square yards yd2 
ha hectares 2.47 acres ac 
km2 Square kilometers 0.386 square miles mi2 

VOLUME 
mL milliliters 0.034 fluid ounces oz 
L liters 0.264 gallons gal 
m3 cubic meters 35.314 cubic feet ft3 
m3 cubic meters 1.307 cubic yards yd3 

MASS 
g grams 0.035 ounces oz 
kg kilograms 2.202 pounds lb 
Mg (or “t”) megagrams (or “metric ton”) 1.103 short tons (2000lb) T 

TEMPERATURE (exact degrees) 
°C Celsius 1.8C+32 Fahrenheit °F 

FORCE and PRESSURE or STRESS 
N newtons 0.225 poundforce lbf 
kPa kilopascals 0.145 poundforce per square inch lb/in2 

*SI is the symbol for the International System of Units. Appropriate rounding should be made to comply with Section 4 of ASTM 
E380. (Revised March 2003) 



 

TR No. 0-6954-R1 1 2020-10-12 

CHAPTER 1:  

INTRODUCTION 

1.1 PROBLEM 

The current Texas Department of Transportation (TxDOT) high-speed transition is 

approximately 19 ft long and the approximate length of metal beam guard fence end treatment is 

50 ft long, for a total 69 ft in length. In situations where it was appropriate, if there was a 

transition from flexible rail to rigid rail that attached to the top of a culvert, wing wall, or bridge 

deck, the rigid rail would end on the bridge before the end of the bridge, and start the transition 

on the culvert, wing wall, or bridge deck. This would allow TxDOT to reduce the required 

distance between the end of the bridge and the intersecting roadway or driveway to a maximum 

length of 50 ft. The purpose of this project was to develop a transition that could be anchored on 

top of a concrete deck or wingwall and thus reduce the length of transition needed off the bridge 

structure. 

1.2 BACKGROUND 

In the continued advancement and evolution of roadside safety testing and evaluation, a 

research effort completed in 2009 resulted in a document published by the American Association 

of State Highway and Transportation Officials (AASHTO), entitled Manual for Assessing Safety 

Hardware (MASH), which supersedes the previous crash test and evaluation guidelines (1). This 

document was updated in 2016 and is the current standard used to evaluate crash tests (2). 

Changes incorporated into the guidelines include new design test vehicles, revised test matrices, 

and revised impact conditions. 

1.3 OBJECTIVE/SCOPE OF RESEARCH 

Five tasks were undertaken to develop a crashworthy transition design that reduces the 

required distance between the end of the bridge and an intersecting roadway or driveway and 

meet the crash requirements of MASH TL-3. 

1.3.1 Task 1. Project Management and Research Coordination 

Working in conjunction with the project team, TTI researchers conducted a Value of 

Research (VoR) assessment. In developing the VoR, TTI researchers identified sources for both 

qualitative and economic data, such as TxDOT construction bids (economic), material price lists 

from vendors (economic), pavement performance data (economic), and district personnel 

(qualitative). Table 1.1 illustrates the qualitative and economic benefit areas designated by 

TxDOT for this project.  

TTI researchers completed the VoR Template, including the economic based 

calculations, the description of economic variables used within the calculations, and the 

qualitative values of the selected benefit areas.  
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Table 1.1. Qualitative and Economic Benefit Areas. 

Selected Functional Area QUAL ECON Both TxDOT State Both 

X Level of Knowledge X   X   

X Reduced User Cost  X   X  

X 

Reduced Construction, 

Operations, and 

Maintenance Cost 

 X   X  

X 
Engineering Design 

Improvement 
  X   X 

X Safety   X   X 

 

TTI researchers evaluated the initial submission of the VoR Template and revised as 

needed as TTI researchers continued to identify qualitative and economic VoR data during the 

course of the research project.  

1.3.2 Task 2. Literature Review 

TTI researchers performed an extensive literature review of bridge railing transitions 

crash tested to MASH TL-3 and documented the findings of this review in a brief technical 

memorandum for this task. TTI researchers incorporated the information obtained from this 

review into the design and details for the new transition testing developed for this project. 

Results from this task are presented in Chapter 2. 

1.3.3 Task 3. Develop Concepts, Engineering Design, and Component Testing 

TTI researchers developed four concepts for the new transition. The design would anchor 

the transition posts on a concrete slab and a concrete wingwall. Posts were located in the 

transition onto the concrete slab or wall. TTI researchers performed engineering analyses on the 

new post designs, and in addition, developed engineering drawings of the new transition designs 

considered for this project. TTI researchers recommended four post designs to TxDOT for 

review. TxDOT selected two post designs for full-scale component testing. TTI researchers 

performed pendulum testing of posts (three posts per design [six tests total]) and compared them 

to strength tests performed on embedded posts in soil. Once all the available testing data were 

reviewed, TTI researchers with input TxDOT, selected an anchored post design for finite 

element modeling simulations performed in Task 4. Task 3 was performed in conjunction with 

the simulation effort in Task 4. Chapter 3 presents the results of Task 3. 

1.3.4 Task 4. Finite Element Model Simulations 

TTI researchers developed a full-scale three-dimensional finite element model of the 

guardrail transition. The modeling effort incorporated developing and validating a 



 

TR No. 0-6954-R1 3 2020-10-12 

subcomponent­level model of the post installed on concrete, which TTI researchers validated 

using the results of the dynamic pendulum testing from Task 3.  

Once the subcomponent-level model was validated, TTI researchers used it in the system-

level finite element model to develop a full-system model of the guardrail to concrete barrier 

transition. Previously validated component models including, but not limited to, the metal 

guardrail model and soil-and-post model were included into the system model to achieve 

sufficient reliability of the full-system model.  

TTI researchers performed dynamic vehicle impact analysis of the transition design to 

evaluate the expected performance of the system in full-scale crash testing once the full-system 

model was developed.  

MASH TL-3 requires at least two crash tests of the transition system at the location where 

the stiffness or shape of the system changes. The transition system has two locations where such 

changes take place. One location is the upstream transition, where the W-beam guardrail in soil 

transitions to the guardrail on concrete. The other location is the downstream transition, where 

the guardrail on concrete transitions or attaches to the concrete barrier.  

Due to the presence of two clear transition locations (upstream and downstream), TTI 

researchers performed dynamic vehicle impact simulations for both locations. The four 

simulation cases were: 

1. Upstream End, MASH Test 3-20 Condition. 

2. Upstream End, MASH Test 3-21 Condition. 

3. Downstream End, MASH Test 3-20 Condition. 

4. Downstream End, MASH Test 3-21 Condition. 

Tests 3-20 and 3-21 involve small passenger car and pickup truck vehicle impacts, 

respectively. The impact speed and angle for both tests are 62 mi/h and 25°, respectively.  

TTI researchers processed the results and assessed the likelihood of the transition system 

passing all four MASH crash tests upon completion of the simulations. TTI researchers noted the 

design deficiencies and recommended design modifications to the system to mitigate those 

deficiencies. Chapter 4 presents the results of Task 4. 

1.3.5 Construction of Full-Scale Test Installation and Crash Testing 

TTI researchers developed full-scale test installation drawings of the design after the 

finite element model simulations were completed, and all the results had been reviewed with 

favorable results. TTI researchers submitted these drawings to the TxDOT project team for 

review and approval. After approval of the test installation drawings was received, construction 

of a full-scale test installation for crash testing commenced. Similar to the simulation effort, the 

following four full-scale crash tests were to be performed on the full-scale test installation:  

1. MASH Test 3-20, 1100C Small Car, 62 mi/h at 25° impact angle on the Upstream 

End of the Transition Design.  

2. MASH Test 3-21, 2270P Pickup Truck, 62 mi/h at 25° impact angle on the 

Upstream End of the Transition Design.  
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3. MASH Test 3-20, 1100C Small Car, 62 mi/h at 25° impact angle on the 

Downstream End of the Transition Design.  

4. MASH Test 3-21, 2270P Pickup Truck, 62 mi/h at 25° impact angle on the 

Downstream End of the Transition Design. 

However, based on the final design details developed for this project, MASH Test 3-20 

impacting the downstream end of the transition (Item 3 below) was optional, and therefore not 

performed.  

After the completion of the crash testing, TTI researchers prepared this technical report 

that summarizes the crash test results performed on the transition design. TTI researchers 

documented and summarized all the crash tests results and fully documented material 

specifications used to construct the test installation. In addition, TTI researchers included all 

final drawings and details used to construct the test installation in this technical report. 
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CHAPTER 2:  

LITERATURE REVIEW* 

2.1 INTRODUCTION 

A literature review was performed and completed for this project. The literature review 

satisfies the requirement of Task 2. A brief summary of the projects that were reviewed for this 

study follows. 

2.2 DEVELOPMENT AND IMPLEMENTATION OF THE SIMPLIFIED MGS 

STIFFNESS TRANSITION 

Report No. TRP-03-210-10/TRB 2012 Paper No. 12-3367  

 

The finding in Report No. TRP-03-210-10/TRB 2012 Paper No. 12-3367 was considered 

for this project (3). The Midwest Roadside Safety Facility (MwRSF) researchers developed a 

simplified version of the original MGS stiffness transition by utilizing two common sizes of steel 

posts, and it was full-scale crash tested according to MASH TL-3.  

The design of the stiffness transition for this project included a standard Midwest 

Guardrail System (MGS), a previously accepted thrie beam approach guardrail transition (AGT) 

system, and an asymmetrical W-beam to thrie beam transition element. The thrie beam AGT 

consisted of a nested 12-gauge thrie beam attached to W6×15 steel posts at half-post or 37½-inch 

spacings, which represented a critical configuration (one of the stiffest AGT) after researchers 

reviewed the previously accepted FHWA AGT systems.  

Test Nos. MWTSP-2 and MWTSP-3 were performed on this stiffness transition design. 

Test No. MWTSP-2 was performed according to test designation MASH Test No. 3-21 with a 

2270P pickup truck. Test no. MWTSP-3 was performed according to test designation MASH 

Test No. 3-20 with an 1100C small car. Figures 2.1 and 2.2 show the test impact drawings for 

Test Nos. MWTSP-2 and MWTSP-3, respectively.  

 
Figure 2.1. Test Impact Drawings for Test No. MWTSP-2. 

                                                 

 
* The opinions/interpretations identified/expressed in this section of the report are outside the scope of TTI Proving 

Ground’s A2LA Accreditation. 
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Figure 2.2. Test Impact Drawings for Test No. MWTSP-3. 

A new, simplified steel-post stiffness transition between the MGS and a thrie beam AGT 

previously accepted by FHWA was developed and tested for this project. This system consists of 

standard steel posts and an asymmetric W-to-thrie transition element. A very stiff thrie beam 

guardrail transition was used during the full-scale crash test. This new system satisfied all MASH 

TL-3 criteria. Figure 2.3 shows the details of the recommended transition design for the MGS 

system to thrie beam and tube bridge railing using steel posts. 

 

 
 

Figure 2.3. Adapted Simplified Steel-Post Stiffness Transition (Transition to Thrie Beam 

and Tube Bridge Railing Steel Post Version). 

2.3 EVALUATION OF THE MIDWEST GUARDRAIL SYSTEM STIFFNESS 

TRANSITION WITH CURB 

Report No. TRP-03-291-14/TRB 2015 Paper No. 15-4502/Journal of Transportation Safety 

and Security Paper No. 105-121  

MwRSF researchers developed a W-beam to thrie beam stiffness transition with a 4-inch 

tall concrete curb to connect a 31-inch tall W-beam guardrail, commonly known as the MGS, to 

a previously developed thrie beam approach guardrail system (4). Standard steel posts commonly 

used by state departments of transportation were used for the upstream stiffness configuration.  

The full-scale crash test installation used a 12 ft-6 inch long thrie beam and channel 

bridge railing system, a 12 ft-6 inch nested thrie beam guardrail, a 6 ft-3 inch standard 12 gauge 

thrie beam guardrail, a 6 ft-3 inch long asymmetrical 10 gauge W-beam to thrie beam transition 

segment, and a 50 ft standard 12 gauge W-beam rail attached to a simulated anchorage device. 

The lap-splice connections between adjacent rail sections were configured to reduce vehicle snag 
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at the splices. The guardrail components were supported by two BCT timber posts (posts nos. 1 

and 2), 16 steel guardrail posts (post nos. 3 through 15 are W6×8.5 members and posts nos. 16 

through 18 are W6×15 members), and three steel bridge posts (W6×20 member, post nos. 19 

through 21).  

Three tests were performed for this project: Test Nos. MWTC-1, MWTC-2, and 

MWTC-3. Test Nos. MWTC-1 and MWTC-2 were performed according to test designation 

MASH Test No. 3-20 with an 1100C small car. Test No. MWTC-3 was performed according to 

test designation MASH Test No. 3-21 with a 2270P pickup truck. Figures 2.4 through 2.6 show 

the test impact drawings for Test Nos. MWTC-1, MWTC-2, and MWTC-3, respectively.  

 
Figure 2.4. Test Impact Drawings for Test No. MWTC-1. 

 
 

Figure 2.5. Test Impact Drawings for Test No. MWTC-2. 

 
Figure 2.6. Test Impact Drawings for Test No. MWTC-3. 
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The initial crash test (Test No. MWTC-1) was performed according to test designation 

MASH Test No. 3-20 with an 1100C small car. The MGS Stiffness Transition with Curb did not 

perform acceptably for the initial MASH 3-20 test according to MASH TL-3 requirements. The 

front end of the 1100C vehicle penetrated under the W-beam rail while the wheel climbed up and 

overrode the curb. The combination of these events caused the W-beam rail to rupture at the 

splice adjacent to the rail elements, which eventually caused the W-beam rail to rupture at the 

splice adjacent to the W-beam to thrie beam transition element.  

After the failed crash test, the design was modified to incorporate an additional 12 gauge 

W-beam segment such that 12.5 ft of nested guardrail preceded the asymmetric W-beam to thrie 

beam transition element. After this modification was incorporated in the stiffness transition 

system, Test Nos. MWTC-2 and MWTC-3 were performed with an 1100C small car and 2270P 

pickup truck, respectively. This modified upstream stiffness transition between the MGS and 

thrie beam approach guardrail transition with curb resulted in a successful completion of the 

MASH TL-3 testing matrix. Therefore, this modified system was found to satisfy current safety 

standards. Figure 2.7 presents the details of the recommended transition system with and without 

a curb tested for this project. 

 
Figure 2.7. MGS to Thrie Beam Stiffness Transition Details (a) without a Curb and (b) 

with a Curb, 4-Inch Maximum Curb Height. 
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2.4 MASH TEST 3-21 ON TL-3 THRIE BEAM TRANSITION WITHOUT CURB 

Report No. 9-1002-12-3  

TTI researchers evaluated the impact performance of a modified transition design for 

approach W-beam guardrail to a rigid concrete bridge rail without a curb element beneath the 

transition rail (5). The test was performed in accordance with MASH guidelines following the 

impact conditions for Test Designation 3-21.  

The surrogate bridge rail parapet was constructed according to TxDOT 36-inch single 

slope traffic rail (SSTR) bridge rail standards found on the TxDOT standards. The metal beam 

guard fence was constructed using 19 posts. Posts 1 and 2 were installed as part of the standard 

31-inch ET-2000 Terminal. Posts 3 through 11 were installed as part of a standard 12 gauge W-

Beam Guardrail (RWM04a). Each post in this section is a 72-inch long W6x8.5 SLP (PEW01) 

attached to the 12 gauge rail element using an 8-inch wood blockout. The posts in this section 

were placed at the mid-span of the guardrail. Between posts 11 and 13, a 10 gauge thrie beam to 

W-beam non-symmetric transition segment is used and is supported by a 72-inch long W6×8.5 

SLP. Between post 13 and the end of the bridge parapet, a nested 12 gauge thrie beam (RTM02a) 

configuration is used and is supported by 84-inch long W6×8.5 posts with 6×8×18-inch wood 

blockouts. A 10 gauge thrie beam end shoe (RTE01b) was used to connect the nested thrie beam 

to the ¼-inch thick adapter plate.  

The TxDOT TL-3 Transition did not perform acceptably for MASH Test 3-21 due to 

vehicle rollover. Indications of wheel snagging on the end of the concrete parapet may have 

contributed to the destabilization of the vehicle.  

Three design changes were proposed by researchers to possibly improve the performance 

of the system. A short curb may be placed at the end of the parapet under the rail to help prevent 

wheel snagging. The steel blockout at the end of the parapet could be increased in depth to offset 

the rail to decrease the amount of snagging. Also, the posts in the nested section of the guardrail 

could be strengthened by using a larger size post and increasing the embedment depth to overall 

stiffen the transition and ultimately reduce the dynamic deflections. Some previous studies 

suggest that excessive deflection in the transition region can induce vehicle instability, but if the 

system becomes too stiff the upstream end of the transition section may need to be redesigned 

and evaluated. Figure 2.8 shows a photograph of the installation. 

 
Figure 2.8. Thrie Beam Transition without Curb. 
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2.5 MASH TL-3 TESTING AND EVALUATION OF THE TXDOT T131RC BRIDGE 

RAIL TRANSITION 

Project 9-1002-12; Report No. 9-1002-12-4; March 2014  

TTI researchers designed and crash tested a transition design for the TxDOT T131RC 

Bridge Rail that would meet the strength and safety performance criteria for AASHTO MASH 

TL-3 (6).  

The TxDOT T131RC Bridge Rail Transition consists of two nested 12 gauge thrie beam 

sections supported by six W6×8.5 posts spaced at 37 ½ inches on centers. The nested thrie beams 

connect to a 10 gauge asymmetric transition piece on the upstream end. The nested thrie beam 

transition was connected to a 10 gauge end shoe on the downstream end. This end shoe was 

anchored to the end of the T131RC Bridge Rail. The height from the finished grade to the top of 

the W-beam guardrail and transition was 31 inches.  

The TxDOT T131RC Bridge Rail Transition contained and redirected both the 1100C 

vehicle and the 2270P vehicle. Overall, all MASH TL-3 requirements were met, therefore the 

TxDOT T131RC Bridge Rail Transition performed acceptably as a MASH TL-3 transition. 

Figures 2.9 through 2.11 show photographs of the test installation. 

 
Figure 2.9. T131RC Bridge Rail Transition Impact View. 

 
Figure 2.10. T131RC Bridge Rail Transition Connection. 
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Figure 2.11. T131RC Bridge Rail Transition Connection Field View. 

2.6 SUMMARY AND CONCLUSIONS FROM LITERATURE SEARCH 

Based on the review of this information, the following is beneficial for this project:  

1. 4-inch maximum curb height. 

2. 31-inch transition height with nested thrie beam elements. 

3. 10 gauge asymmetric transition section supported with steel posts similar to that 

shown in Figure 2.2 and Figure 2.4. 

4. Crash testing should be performed on the nested thrie beam area and the 

asymmetric transition section to confirm MASH acceptance. 
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CHAPTER 3:  

DEVELOP CONCEPTS, ENGINEERING DESIGN, AND COMPONENT 

TESTING* 

3.1 INTRODUCTION 

Task 3 considered the transition anchored to the top of a concrete wing wall. For this 

task, several post concepts were considered for the transition. Based on the information provided 

in the kickoff meeting held at the TxDOT Office on September 28, 2017, anchoring the new 

transition on top of a 12-inch wide wing wall was preferred over anchoring the posts on top of a 

reinforced concrete deck. As part of this task, TTI developed a general concept for the transition 

anchored on top of the wing wall. Figure 3.1 shows the general details of this concept. 

 

 
Figure 3.1. TxDOT Transition Anchored on Top of 12-Inch Wide Wing Wall. 

As part of this task, TTI considered several post anchoring concepts for the new 

transition anchored to the top of the concrete wing wall. For the concepts presented herein, 

engineering analyses were performed to adequately anchor the posts to the concrete. Developing 

the full ultimate plastic moment capacity of the posts was the goal in the analyses. Engineering 

details were developed for the two options developed for Task 3 of this project. These designs 

                                                 

 
* The opinions/interpretations identified/expressed in this section of the report are outside the scope of TTI Proving 

Ground’s A2LA Accreditation. 
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are presented below. The 2-bolt design anchoring to the top of the wing wall was selected for 

full-scale testing and Task 4 LS-DYNA Simulation. 

3.2 OPTION 1. BASEPLATED POST TRANSITION DESIGN WITH RUB RAIL 

Option 1 incorporates W6×8.5 steel base-plated posts anchored to the top of the wing 

wall using in-line Hilti Adhesive anchoring system. This design incorporates the use of a C6×8.2 

steel rub rail in place of the concrete curb. This design uses the full plastic strength of the steel 

posts. Figures 3.2 and 3.3 present details of Option 1. 

 

 
 

Figure 3.2. Option 1 Installation Details. 

  



 

TR No. 0-6954-R1 15 2020-10-12 

 

Figure 3.3. Option 1 Post Details. 

3.3 OPTION 2. SIDE MOUNTED POST OPTION WITH CONCRETE CURB (NO 

RUB RAIL) 

Option 2 incorporates a W6×8.5 steel side mounted anchored with a concrete curb. These 

posts are anchored to the field side of the concrete wing wall using Hilti Adhesive anchoring 

system. This design incorporates the use of a 6-inch high concrete curb cast flush with the traffic 

face of the concrete parapet. A steel rub rail is not necessary with the use of the concrete curb. 

This design uses the full plastic strength of the steel posts. Figure 3.4 presents the details of 

Option 2. 

3.4 SUMMARY AND CONCLUSIONS 

The side mount option was not selected for further study. The 2-bolt option shown in 

Figure 3.3 was selected for full-scale testing as part of this task and for LS-DYNA simulation 

Task 4.  
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Figure 3.4. Option 2 Installation Details. 
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CHAPTER 4:  

FINITE ELEMENT MODEL SIMULATIONS* 

4.1 INTRODUCTION 

Finite element modeling simulations were performed on the initial transition design as 

part of Task 4. The computer simulations were performed using LS-DYNA. The following 

summarizes the simulation effort performed for this task. 

4.2 SYSTEM DESIGN 

The 65 ft-5 inch installation consists of four sections: A 16-ft parapet, an 18 ft-¾ inch 

Wingwall transition, a 21 ft-11¾ inch length of need, and a 9 ft-4½ inch Downstream Anchor 

Terminal (DAT). The wing wall shown here was made rigid (no movement or rotation) in the 

simulation efforts. The 16 ft parapet is 12 inches wide and 31 inches tall. Between the system 

and the existing apron, a rigid moment slab was used, at a 10 degree angle from the system and 

transitions from 38 inches to 72 inches. Figure 4.1 shows the overall details of the installation. 

Figure 4.2 shows a detailed drawing of the wingwall used in the simulations. The 

reinforcement used in the wingwall was not considered or modeled in the simulations since the 

wigwall was simulated as rigid. The 20-ft long wingwall was 24 inches tall, 12 inches wide, and 

had reinforcement every 6 inches starting at 3¼ inch from the edge. Figures 4.3 and 4.4 show 

details of the transition design used in the initial simulation effort. 

4.3 DETAILED MODELING 

An explicit finite element model of the transition system with wingwall was modeled 

using detailed geometrical and material properties. Figures 4.5 and 4.6 show the different views 

of the system modeled, including parapet, wingwall, transition posts, nested thrie section, rub 

rail, and approaching W-beam guardrail. 

 

                                                 

 
* The opinions/interpretations identified/expressed in this section of the report are outside the scope of TTI Proving 

Ground’s A2LA Accreditation. 



T
R

 N
o
. 0

-6
9
5
4
-R

1
  

1
8
 

2
0
2
0
-1

0
-1

2
 

 

 

 

Figure 4.1. Plan View and Elevation of Installation.  



T
R

 N
o
. 0

-6
9
5
4
-R

1
  

1
9
 

2
0
2
0
-1

0
-1

2
 

 

 

 

Figure 4.2. Wingwall Details.  
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Figure 4.3. Wingwall Transition.  
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Figure 4.4. Details of Rub Rail.
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Figure 4.5. Parapet, Moment Slab, and Wingwall. 

Figure 4.6. Front View of System. 

Figure 4.7 shows the moment slab and wingwall. The transition shown here would attach 

to a vertical concrete parapet. The 16-ft parapet is 12 inches wide and 24 inches tall. In between 

the system and the existing apron, there is a moment slab. It is at a 10° angle from the system 

and transitions from 38 inches to 72 inches. The 20-ft long wingwall is 24 inches tall, 12 inches 

wide, and has reinforcement every 6 inches starting at 3¼ inch from the edge. 

Figure 4.7. Wingwall Transition. 

Figure 4.8 shows a front view the wingwall transition. The wingwall used in the 

simulations measured 20 ft long, 24 inches tall, and 12 inches wide. This wingwall was modeled 

as rigid and did not consider any concrete failure from vehicle impact loads. Nine steel posts that 

are 31 inches tall and bolted onto the wingwall were also used. The wingwall is made of concrete 

with rebar stirrups. The wingwall transition used in the simulations was bolted onto the parapet 

with ¾ inch diameter anchor bolts. The wingwall transition consists of an 8-space 12 gauge 

thrie-beam followed by an asymmetric thrie to W-beam transition. The rub rail is bolted onto the 
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posts below the beam. The rub rail consists of the rub rail anchor, the rub rail splice, the rub rail 

bracket, the rub rail, and the bent rub rail. The rub rail is a C6×8.2- ASTM A36 steel. Figures 4.9 

and 4.10 show views of the MASH 1100C and the 2270P vehicle models, respectively.  

Figure 4.8. Front View of Wingwall Transition. 

Figure 4.9. MASH 1100C Test Vehicle Model. 

Figure 4.10. MASH 2270P Test Vehicle Model. 

4.4 SIMULATION OF MASH TEST 3-21: TRUCK IMPACTING NEW BARRIER 

TRANSITION 

Figures 4.11 through 4.14 show images of the vehicle setup for this impact simulation. 

The vehicle used in this simulation is a 2270P vehicle weighing 5000 lb and impacting the 

barrier at a speed of 62.2 mph and an angle of 25°. The target impact point is the centerline of the 

vehicle with the flared rub rail span at post 8 (numbered from the end of the concrete parapet). 

Post 8 is bolted onto the wingwall and is a part of the wingwall transition.  
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Figure 4.11. MASH 2270P Vehicle/Installation Setup – Isometric View. 

 

Figure 4.12. MASH 2270P Vehicle/Installation Setup – Front View. 

 

 

Figure 4.13. MASH 2270P Vehicle/Installation Setup – Rear View. 
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Figure 4.14. MASH 2270P Vehicle/Installation Setup – Top View. 

4.5 SIMULATION OF MASH TEST 3-21: SMALL CAR IMPACTING GUARDRAIL 

SYSTEM WITH RIGID BARRIER TRANSITION 

Figures 4.15 through 4.17 show images of the vehicle setup for this test installation. The 

vehicle used in this simulation is a 1100C vehicle impacting the barrier at a speed of 62.2 mph 

and an angle of 25°. The target impact point is the centerline of the vehicle with Post 8. Post 8 is 

bolted onto the wingwall and is a part of the wingwall transition.  

Figure 4.15. MASH 1100C Vehicle/Installation Setup – Isometric View. 
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Figure 4.16. MASH 1100C Vehicle/Installation Setup – Front View. 

Figure 4.17. MASH 1100C Vehicle/Installation Setup – Top View. 

The small car experienced pocking (snagging) due to front right tire being pushed 

between the W-beam and the flared rub rail span as shown in Figures 4.18 and 4.19. The pickup 

truck experienced vehicular instability as it engaged the flared rub rail section as shown in 

Figures 4.20 and 4.21. 

4.6. SUMMARY AND CONCLUSIONS 

The recommended system for evaluation would have one or more of these options: 

• Add an additional thrie beam 12-ft section (NOT nested) upstream from the nested 

thrie and then the asymmetric piece.  

• Add a longer rub rail along with the additional thrie beam section and then flare the 

rub rail back. 

These design modifications are expected to reduce the pocketing and vehicular instability 

as observed in the simulation and improve the crash performance of the transition design. 
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Figure 4.18. MASH 1100C Vehicle Pocketing into Opening Above Flared Rube Rail Span. 

 

Figure 4.19. MASH 1100C Vehicle Pocketing into Opening Above Flared Rub Rail. 
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Figure 4.20. MASH 2270P Vehicle Interacting with W-Beam and Flared Rub Rail. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.21. MASH 2270P Vehicle Overriding System. 
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CHAPTER 5:  

TEST REQUIREMENTS AND EVALUATION CRITERIA 

5.1 CRASH TEST MATRIX 

Table 5.1 shows the test conditions and evaluation criteria for MASH TL-3 for transitions. 

Three tests were performed on the Guardrail to Rigid Barrier Transition Attached to Bridge or 

Culvert Structure. MASH Tests 3-20 and 3-21 were performed on the upstream terminal, and 

MASH Test 3-21 only was performed on the downstream terminal. MASH Test 3-20 in the 

downstream area of the transition is an optional test to evaluate occupant risk and post-impact 

trajectory. MASH states that this test should be performed “if there is reasonable uncertainty 

regarding the impact performance of the system for impact with small passenger vehicles.” The 

geometry and profile of the transition in the immediate area upstream of the concrete parapet 

appeared favorable for MASH Test 3-20, so this test was not performed. 

 

Table 5.1. Test Conditions and Evaluation Criteria Specified for MASH TL-3 

Transitions. 

Test Article Test Designation Test Vehicle 
Impact Conditions 

Evaluation Criteria 
Speed Angle 

Transitions 
3-20 1100C 62 mi/h 25 A, D, F, H, I 

3-21 2270P 62 mi/h 25 A, D, F, H, I 

 

The target critical impact points (CIPs) were determined using simulation. Several impact 

points were considered. Figure 5.1 shows the target CIP (most critical) for MASH Test 3-20 (Test 

No. 469549-01-1) on the upstream transition, which was the centerline of post 3 at the 

connection to the rail. Based on LS-DYNA simulations for the other impact conditions, the other 

critical impacts points for the other crash tests are presented as follows. 

 

Figure 5.1. Target CIP for MASH Test 3-20 on the Upstream Transition. 
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Figure 5.2 shows the target CIP for MASH Test 3-21 (Test No. 469549-01-2) on the 

upstream transition, which was the centerline of post 14 at the connection with the rail. 

 

Figure 5.2. Target CIP for MASH Test 3-21 on the Upstream Transition. 

Figure 5.3 shows the target CIP for MASH Test 3-21 (Test No. 469549-01-4) on the 

upstream transition, which was 5 inches downstream of the centerline of post 19 at the 

connection with the rail. 
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Figure 5.3. Target CIP for MASH Test 3-21 on the Downstream Transition. 

The crash tests and data analysis procedures were in accordance with the guidelines 

presented in MASH. Chapter 4 presents brief descriptions of these procedures. 

5.2 EVALUATION CRITERIA 

The appropriate safety evaluation criteria from Tables 2-2 and 5-1 of MASH were used to 

evaluate the crash tests reported herein. Table 5.1 lists the test conditions and evaluation criteria 

required for MASH Test TL-3 transitions, and Table 5.2 provides the substance of the evaluation 

criteria. Evaluation of the crash test results is presented in detail under the section Assessment of 

Test Results. 
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Table 5.2. Evaluation Criteria Required for MASH TL-3 Transitions. 

Evaluation 

Factors 
Evaluation Criteria 

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 

undue hazard to other traffic, pedestrians, or personnel in a work zone.  

Deformations of, or intrusions into, the occupant compartment should not exceed 

limits set forth in Section 5.2.2 and Appendix E of MASH. 

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 velocities (OIV) should satisfy the following limits: Preferred 

value of 30 ft/s, or maximum allowable value of 40 ft/s. 

I. The occupant ridedown accelerations should satisfy the following: Preferred value 

of 15.0 g, or maximum allowable value of 20.49 g. 
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CHAPTER 6:  

TEST CONDITIONS 

6.1 TEST FACILITY 

The full-scale crash tests reported herein were performed at Texas A&M Transportation 

Institute (TTI) Proving Ground, an International Standards Organization (ISO)/International 

Electrotechnical Commission (IEC) 17025-accredited laboratory with American Association for 

Laboratory Accreditation (A2LA) Mechanical Testing Certificate 2821.01. The full-scale crash 

tests were performed according to TTI Proving Ground quality procedures, and according to the 

MASH guidelines and standards. 

The test facilities of the TTI Proving Ground are located on the Texas A&M University 

System RELLIS Campus, which consists of a 2000-acre complex of research and training 

facilities situated 10 miles northwest of the flagship campus of Texas A&M University. The site, 

formerly a United States Army Air Corps base, has large expanses of concrete runways and 

parking aprons well suited for experimental research and testing in the areas of vehicle 

performance and handling, vehicle-roadway interaction, durability and efficacy of highway 

pavements, and evaluation of roadside safety hardware and perimeter protective devices. The site 

selected for construction and testing of the transition was along the edge of an out-of-service 

runway. The runway consists of an unreinforced jointed-concrete pavement in 12.5-ft × 15-ft 

blocks nominally 6 inches deep. The runway was built in 1942, and the joints have some 

displacement, but are otherwise flat and level. 

6.2 VEHICLE TOW AND GUIDANCE SYSTEM 

Each test vehicle was towed into the test installation using a steel cable guidance and 

reverse tow system. A steel cable for guiding the test vehicle was tensioned along the path, 

anchored at each end, and threaded through an attachment to the front wheel of the test vehicle. 

An additional steel cable was connected to the test vehicle, passed around a pulley near the 

impact point, through a pulley on the tow vehicle, and then anchored to the ground such that the 

tow vehicle moved away from the test site. A 2:1 speed ratio between the test and tow vehicle 

existed with this system. Just prior to impact with the installation, the test vehicle was released 

and ran unrestrained. The vehicle remained freewheeling (i.e., no steering or braking inputs) 

until it cleared the immediate area of the test site (no sooner than 2 s after impact), after which 

the brakes were activated, if needed, to bring the test vehicle to a safe and controlled stop. 

6.3 DATA ACQUISITION SYSTEMS 

6.3.1 Vehicle Instrumentation and Data Processing 

Each test vehicle was instrumented with a self-contained, on-board data acquisition 

system. The signal conditioning and acquisition system is a 16-channel, Tiny Data Acquisition 

System (TDAS) Pro produced by Diversified Technical Systems, Inc. The accelerometers, which 

measure the x, y, and z axis of vehicle acceleration, are strain gauge type with linear millivolt 

output proportional to acceleration. Angular rate sensors, measuring vehicle roll, pitch, and yaw 
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rates, are ultra-small, solid state units designed for crash test service. The TDAS Pro hardware 

and software conform to the latest SAE J211, Instrumentation for Impact Test. Each of the 16 

channels is capable of providing precision amplification, scaling, and filtering based on 

transducer specifications and calibrations. During the test, data are recorded from each channel at 

a rate of 10,000 values per second with a resolution of one part in 65,536. Once data are recorded, 

internal batteries back these up inside the unit should the primary battery cable be severed. Initial 

contact of the pressure switch on the vehicle bumper provides a time zero mark and initiates the 

recording process. After each test, the data are downloaded from the TDAS Pro unit into a laptop 

computer at the test site. The Test Risk Assessment Program (TRAP) software then processes the 

raw data to produce detailed reports of the test results.  

 

Each of the TDAS Pro units is returned to the factory annually for complete recalibration 

and all instrumentation used in the vehicle conforms to all specifications outlined by SAE J211. 

All accelerometers are calibrated annually by means of an ENDEVCO 2901, precision primary 

vibration standard. This standard and its support instruments are checked annually and receive a 

National Institute of Standards Technology (NIST) traceable calibration. The rate transducers 

used in the data acquisition system receive a calibration via a Genisco Rate-of-Turn table. The 

subsystems of each data channel are also evaluated annually, using instruments with current 

NIST traceability, and the results are factored into the accuracy of the total data channel, per 

SAE J211. Calibrations and evaluations are also made any time data are suspect. Acceleration 

data are measured with an expanded uncertainty of ±1.7 percent at a confidence factor of 

95 percent (k=2). 
 

TRAP uses the data from the TDAS Pro to compute occupant/compartment impact 

velocities, time of occupant/compartment impact after vehicle impact, and the highest 

10˗millisecond (ms) average ridedown acceleration. TRAP calculates change in vehicle velocity 

at the end of a given impulse period. In addition, maximum average accelerations over 50˗ms 

intervals in each of the three directions are computed. For reporting purposes, the data from the 

vehicle-mounted accelerometers are filtered with SAE Class 180 low-pass filters, and 

acceleration versus time curves for the longitudinal, lateral, and vertical directions are plotted 

using TRAP.  

 

TRAP uses the data from the yaw, pitch, and roll rate transducers to compute angular 

displacement in degrees at 0.0001-s intervals, then plots yaw, pitch, and roll versus time. These 

displacements are in reference to the vehicle-fixed coordinate system with the initial position and 

orientation of the vehicle-fixed coordinate systems being initial impact. Rate of rotation data is 

measured with an expanded uncertainty of ±0.7 percent at a confidence factor of 95 percent 

(k=2). 

6.3.2 Anthropomorphic Dummy Instrumentation 

An Alderson Research Laboratories Hybrid II, 50th percentile male anthropomorphic 

dummy, restrained with lap and shoulder belts, was placed in the front seat on the impact side 

(side opposite of impact for sign supports) of the 1100C vehicle. The dummy was not 

instrumented.  
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According to MASH, use of a dummy in the 2270P vehicle is optional, and no dummy 

was used in the tests with the 2270P.  

6.3.3 Photographic Instrumentation and Data Processing 

Photographic coverage of each test included three digital high-speed cameras: 

• One overhead with a field of view perpendicular to the ground and directly over the 

impact point;  

• One placed behind the installation at an angle; and  

• A third placed to have a field of view parallel to and aligned with the installation at 

the downstream end.  

A flashbulb on the impacting vehicle was activated by a pressure-sensitive tape switch to 

indicate the instant of contact with the transitions. The flashbulb was visible from each camera. 

The video files from these digital high-speed cameras were analyzed to observe phenomena 

occurring during the collision and to obtain time-event, displacement, and angular data. A digital 

camera recorded and documented conditions of each test vehicle and the installation before and 

after the test. 
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CHAPTER 7:  

MASH TL-3 TESTS ON UPSTREAM TRANSITION 

7.1 TEST ARTICLE AND INSTALLATION DETAILS 

The Guardrail to Rigid Barrier Transition Attached to Bridge or Culvert Structure 

installation was approximately 102 ft-10¾ inches long. It consisted of a 16-ft long reinforced 

concrete parapet and moment slab, a 27 ft-6¼ inch long W-beam to thrie-beam to parapet 

transition section that was anchored to the parapet, 50 ft of W-beam guardrail, and a 

Downstream Anchor Terminal (DAT). The posts in the thrie-beam portion of the installation 

were anchored to a reinforced concrete wingwall that was embedded in the soil with the top at 

grade, and the rest of the posts were embedded directly into the soil. The top edge of the thrie-

beam and W-beam rails were at 31 inches above grade. The wingwall was 13 ft long, 12 inches 

thick, and 5 ft deep. A C6×8.2 rub rail was positioned below the thrie-beam section of the 

transition. 

Figure 7.1 presents overall information on the transition, and Figure 7.2 provides 

photographs of the installation. Appendix A provides further details of the transition. 

7.2 MATERIAL SPECIFICATIONS  

Appendix B provides material certification documents for the materials used to 

install/construct the transition.  

The specified minimum unconfined compressive strength of the concrete for the working 

slab (used on previous test), the support wall, and the barrier was 4000 psi. The average 

unconfined compressive strengths of the batches of concrete used in the construction of the test 

installation were as follows with locations of the different batches shown in Figure 2.3: 

• Wingwall: 5245 psi on 2019-03-04, 28 days from pour date. 

• Parapet: 4590 psi on 2019-03-04, 17 days from pour date. 

• Deck: 4010 psi on 2019-03-04, 14 days from pour date. 

Steel reinforcement of the bridge deck and wall was comprised of epoxy coated ASTM 

A615 Grade 60 rebar with specified minimum yield strength of 60 ksi. 

7.3 SOIL CONDITIONS  

The test installation was installed in standard soil meeting AASHTO standard 

specifications for “Materials for Aggregate and Soil Aggregate Subbase, Base and Surface 

Courses,” designated M147-65(2004), grading B. 
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Figure 7.1. Installation Details for Upstream Transition. 
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Figure 7.2. Upstream Transition prior to Testing. 

 

In accordance with Appendix B of MASH, soil strength was measured on the day of the 

crash test. During installation of the transition for full-scale crash testing, two standard W6×16 

posts were installed in the immediate vicinity of the transition, using the same fill materials and 

installation procedures used in the standard dynamic test (see Table C.1 in Appendix C for 

establishment minimum soil strength properties in the dynamic test performed in accordance 

with MASH Appendix B). 
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As determined in the tests shown in Appendix C, Table C.1, the minimum post load 

required for deflections at 5 inches, 10 inches, and 15 inches, measured at a height of 25 inches, 

is 3940 lb, 5500 lb, and 6540 lb, respectively (90 percent of static load for the initial standard 

installation). On the day of Test No. 469549-01-1, March 4, 2019, load on the post at deflections 

of 5 inches, 10 inches, and 15 inches was 7525 lbf, 8131 lbf, and 9040 lbf, respectively. On the 

day of Test No. 469549-01-2, March 6, 2019, load on the post at deflections of 5 inches, 

10 inches, and 15 inches was 7777 lbf, 8838 lbf, and 9292 lbf, respectively. Tables C.2 and C.3 

in Appendix C show the strength of the backfill material in which the transition was installed met 

minimum requirements. 

7.4 MASH TEST 3-20 (CRASH TEST NO. 469549-01-1) 

7.4.1 Test Designation and Actual Impact Conditions 

MASH Test 3-20 involves an 1100C vehicle weighing 2420 lb ±55 lb impacting the CIP 

of the test article at an impact speed of 62 mi/h ±2.5 mi/h and an angle of 25° ±1.5°. The CIP for 

MASH Test 3-20 on the upstream transition was the centerline of post 13 at the connection with 

the rail ±1 ft.  

The 2007 Kia Rio* used in the test weighed 2444 lb, and the actual impact speed and 

angle were 62.7 mi/h and 24.8°, respectively. The actual impact point was the right front corner 

of the vehicle bumper at the centerline of post 13 at the connection with the rail. Minimum target 

impact severity (IS) was 51 kip-ft, and actual IS was 57 kip-ft. 

7.4.2 Weather Conditions 

The test was performed on the morning of March 4, 2019. Weather conditions at the time 

of testing were as follows: wind speed: 7 mi/h; wind direction: 355° (vehicle was traveling in a 

northwesterly direction); temperature: 31°F; relative humidity: 77 percent. 

7.4.3 Test Vehicle 

Figures 7.3 and 7.4 show the 2007 Kia Rio used for the crash test. The vehicle’s test 

inertia weight was 2444 lb, and its gross static weight was 2609 lb. The height to the lower edge 

of the vehicle bumper was 7.75 inches, and height to the upper edge of the bumper was 

21.5 inches. Table D.1 in Appendix D1 gives additional dimensions and information on the 

vehicle. The vehicle was directed into the installation using the cable reverse tow and guidance 

system, and was released to be freewheeling and unrestrained just prior to impact. 

                                                 

 
* The 2007 model vehicle used is older than the 6-year age noted in MASH, and was selected based upon availability. An older 

model vehicle is permitted by AASHTO as long as it is otherwise MASH compliant. Other than the vehicle’s year model, this 

2007 model vehicle met the MASH requirements.  



 

TR No. 0-6954-R1 41 2020-10-12 

  
  

Figure 7.3. Upstream Transition/Test Vehicle Geometrics for Test No. 469549-01-1. 

 

  
  

Figure 7.4. Test Vehicle before Test No. 469549-01-1. 

7.3.4 Test Description 

The test vehicle was traveling at an impact speed of 62.7 mi/h when it contacted the 

upstream transition. The right front corner of the vehicle bumper contacted the centerline of post 

13 at the connection with the rail at an impact angle of 24.8°. Table 7.1 lists events that occurred 

during Test No. 469549-01-1. Figures D.1 and D.2 in Appendix D2 present sequential 

photographs during the test. 

Table 7.1. Events during Test No. 469549-01-1. 

TIME (s) EVENTS 

0.0000 Vehicle contacts transition 

0.0420 Vehicle begins to redirect 

0.1140 Right rear tire leaves pavement surface 

0.1810 Vehicle parallel with transition 

0.2320 Right rear bumper contacts transition 

0.3460 

Vehicle loses contact with transition while traveling at 40.2 mi/h, 

trajectory of 8.6°, and heading of 18.6° 

0.8080 Right rear tire contacts pavement surface 
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For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier 

within the exit box criteria (not less than 32.8 ft downstream from loss of contact for cars and 

pickups). The test vehicle exited within the exit box criteria defined in MASH. After loss of 

contact with the barrier, the vehicle came to rest 185 ft downstream of the impact and 56 ft 

toward traffic lanes. 

7.4.5 Damage to Test Installation 

Figure 7.5 shows the damage to the upstream transition. The soil was disturbed around 

posts 12 through 16, the guardrail was released from post 15, and the rub rail was released from 

post 17. Post 15 showed evidence of significant contact with the vehicle, and it was leaning back 

and downstream approximately 10 inches. The base plate of post 17 was buckled. Working width 

was 26.2 inches, and height of working width was 31.0 inches. Maximum dynamic deflection 

during the test was 7.1 inches, and maximum permanent deformation was 3.4 inches (at post 15).  

7.4.6 Damage to Test Vehicle 

Figure 7.6 shows the damage sustained by the vehicle. The front bumper, hood, radiator 

and support, right front fender, right front tire and rim, right front strut and tower, right front 

lower A-arm, right outer CV joint, right front door and glass, right rear door, right rear quarter 

panel, and right front floor pan were damaged. Maximum exterior crush to the vehicle was 

10.0 inches in the side plane at the right front corner at bumper height. Maximum occupant 

compartment deformation was 1.25 inches in the kick panel across the floor pan. Figure 7.7 

shows the interior of the vehicle. Tables D.2 and D.3 in Appendix D1 provide exterior crush and 

occupant compartment measurements. 

7.4.7 Occupant Risk Factors 

Data from the accelerometer, located at the vehicle center of gravity, were digitized for 

evaluation of occupant risk and results are shown in Table 7.2. Figure 7.8 summarizes these 

data and other pertinent information from the test. Figure D.3 in Appendix D3 shows the 

vehicle angular displacements, and Figures D.4 through D.9 in Appendix D4 show 

acceleration versus time traces. 
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Figure 7.5. Upstream Transition after Test No. 469549-01-1. 

 

  
  

Figure 7.6. Test Vehicle after Test No. 469549-01-1. 
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Figure 7.7. Interior of Test Vehicle after Test No. 469549-01-1. 

 

 

Table 7.2. Occupant Risk Factors for Test No. 469549-01-1. 

Occupant Risk Factor Value Time 

Impact Velocity    

 Longitudinal 27.3 ft/s 
At 0.0849 s on right side of interior 

 Lateral 30.5 ft/s 

Ridedown Accelerations   

 Longitudinal 19.4 g 0.0878–0.0978 s 

 Lateral 14.6 g 0.0849–0.0949 s 

THIV 
43.4 km/h 

12.0 m/s 
At 0.0827 s on right side of interior 

PHD 24.9 g 0.0837–0.0937 s 

ASI 2.42 0.0570–0.1070 s 

Maximum 50-ms Moving Average    

 Longitudinal −16.9 g 0.0501–0.1001 s 

 Lateral −16.2 g 0.0433–0.0933 s 

 Vertical 7.1 g 0.0288–0.0788 s 

Maximum Roll, Pitch, and Yaw Angles   

 Roll 19° 0.4940 s 

 Pitch 10° 0.4556 s 

 Yaw 67° 0.9658 s 
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General Information 
 Test Agency .......................  
 Test Standard Test No. ......  
 TTI Test No.  ......................  
 Test Date ...........................  
Test Article 
 Type ..................................  
 Name .................................  
 Installation Length ..............  
 Material or Key Elements ...  
 
 
 
 
Soil Type and Condition .....  
 
Test Vehicle 
 Type/Designation ...............  
 Make and Model ................  

  Curb ...................................  
 Test Inertial ........................  
 Dummy ..............................  
 Gross Static .......................  

 
Texas A&M Transportation Institute (TTI) 
MASH Test 3-20 
469549-01-1 
2019-03-04 
 
Transition 
Thrie Beam Transition 
102 ft-10¾ inches 
16-ft long parapet/moment slab, a 27 ft-
6¼ inch long W-beam to thrie-beam to 
parapet transition section, 50 ft of W-beam 
guardrail, and DAT terminal; top of metal 
rail height 31 inches 
AASHTO M147-65(2004), grading B Soil 
(crushed limestone) 
 
1100C 
2007 Kia Rio 
2483 lb 
2444 lb 
165 lb 
2609 lb 

Impact Conditions 
 Speed ................................  
 Angle .................................  
 Location/Orientation ...........  
Impact Severity ....................  
 
Exit Conditions 
 Speed ................................  
 Trajectory/Heading Angle ...  
Occupant Risk Values 
 Longitudinal OIV ................  
 Lateral OIV .........................  

  Longitudinal Ridedown .......  
 Lateral Ridedown ...............  
 THIV ..................................  
 PHD ...................................  
 ASI .....................................  
Max. 0.050-s Average  
  Longitudinal ....................  
  Lateral.............................  
  Vertical ............................  

 
62.7 mi/h 
24.8° 
Post 13 
57 kip/ft 
 
 
40.2 mi/h 
8.6°/18.6° 
 
27.3 ft/s 
30.5 mi/h 
19.4 g 
14.6 g 
43.4 km/h 
24.9 g 
2.42 
 
−16.9 g 
−16.2 g 
7.1 g 

Post-Impact Trajectory 
 Stopping Distance .....................  
 
Vehicle Stability 

  Maximum Yaw Angle ................  
 Maximum Pitch Angle ...............  
 Maximum Roll Angle .................  
 Vehicle Snagging ......................  
 Vehicle Pocketing .....................  
Test Article Deflections 
 Dynamic ....................................  
 Permanent ................................  
 Working Width...........................  
 Height of Working Width ...........  
Vehicle Damage 
 VDS ..........................................  
 CDC ..........................................  
 Max. Exterior Deformation .........  
 OCDI.........................................  
 Max. Occupant Compartment  
  Deformation ...........................  

 
185 ft downstream 
56 ft toward traffic 
 
67° 
10° 
19° 
No 
No 
 
7.1 inches 
3.4 inches 
26.2 inches 
31.0 inches 
 
01RFQ5 
01FREW3 
10.0 inches 
RF0120000 
 
1.25 inches 

Figure 7.8. Summary of Results for MASH Test 3-20 on Upstream Transition. 
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7.5 MASH TEST 3-21 (CRASH TEST NO. 469549-01-2) 

7.5.1 Test Designation and Actual Impact Conditions 

MASH Test 3-21 involves a 2270P vehicle weighing 5000 lb ±110 lb impacting the CIP 

of the transition at an impact speed of 62 mi/h ±2.5 mi/h and an angle of 25° ±1.5°. The CIP for 

MASH Test 3-21 on the upstream transition was centerline of post 14 at the connection with the 

rail ±1 ft.  

The 2013 RAM 1500 pickup truck used in the test weighed 5034 lb, and the actual 

impact speed and angle were 62.2 mi/h and 23.8°, respectively. The actual impact point was 

centerline of post 14 at the connection with the rail. Minimum target IS was 106 kip-ft, and 

actual IS was 106 kip-ft. 

7.5.2 Weather Conditions 

The test was performed on the morning of March 6, 2019. Weather conditions at the time 

of testing were as follows: wind speed: 4 mi/h; wind direction: 178° (vehicle was traveling in a 

northwesterly direction); temperature: 49°F; relative humidity: 38 percent. 

7.5.3 Test Vehicle  

Figures 7.9 and 7.10 show the 2013 RAM 1500 pickup truck used for the crash test. The 

vehicle’s test inertia weight was 5034 lb, and its gross static weight was 5034 lb. The height to 

the lower edge of the vehicle bumper was 11.75 inches, and height to the upper edge of the 

bumper was 27.0 inches. The height to the vehicle’s center of gravity was 29.0 inches. 

Tables E.1 and E.2 in Appendix E1 give additional dimensions and information on the vehicle. 

The vehicle was directed into the installation using the cable reverse tow and guidance system, 

and was released to be freewheeling and unrestrained just prior to impact. 

  
  

Figure 7.9. Upstream Transition/Test Vehicle Geometrics for Test No. 469549-01-2. 
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Figure 7.10. Test Vehicle before Test No. 469549-01-2. 

7.5.4 Test Description 

The test vehicle was traveling at an impact speed of 62.2 mi/h when it contacted the 

upstream transition. The right front corner of the vehicle bumper contacted the centerline of post 

14 at the connection with the rail at an impact angle of 23.8°. Table 7.3 lists events that occurred 

during Test No. 469549-01-2. Figures E.1 and E.2 in Appendix E2 present sequential 

photographs during the test. 

Table 7.3. Events during Test No. 469549-01-2. 

TIME (s) EVENTS 

0.0000 Vehicle contacts transition 

0.0410 Vehicle begins to redirect 

0.1160 Left front tire leaves pavement surface 

0.1280 Left rear tire leaves pavement surface 

0.1980 Vehicle is parallel with transition 

0.2030 Right rear bumper impacts transition 

0.3460 
Vehicle loses contact with transition while traveling at 49.1 mi/h, with a 

trajectory of 9.0 degrees and heading of 8.4 degrees. 

0.5400 Left front tire contacts pavement surface 

 

For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier 

within the exit box criteria (not less than 32.8 ft downstream from loss of contact for cars and 

pickups). The test vehicle exited within the exit box criteria defined in MASH. After loss of 

contact with the barrier, the vehicle came to rest 250 ft downstream of the impact and 18 ft 

toward traffic lanes.  

7.5.5 Damage to Test Installation 

Figure 7.11 shows the damage to the transition. The soil was disturbed around posts 13 

through 15. The base plate of post 17 was deformed. The concrete wing wall was cracked at post 

17, and between posts 17 and 18. Working width was 22.7 inches, and height of working width 
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was 50.5 inches. Maximum dynamic deflection during the test was 6.3 inches, and maximum 

permanent deformation was 2.75 inches at post 16.  

  

  

  
 

Figure 7.11. Upstream Transition after Test No. 469549-01-2. 

7.5.6 Vehicle Damage 

Figure 7.12 shows the damage sustained by the vehicle. The front bumper, radiator and 

support, grill, right front fender, right front upper and lower A-arms, right front tire and rim, 

right front door and window glass, right rear door, right rear cab corner, right rear exterior bed, 

right rear rim, and rear bumper were damaged. The right front wheel (with tire) was completely 
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removed. Maximum exterior crush to the vehicle was 15.0 inches in the front plane at the right 

front corner at bumper height. Maximum occupant compartment deformation was 2.0 inches in 

the in the right firewall area and 4.0 inches in the right front kick panel. Figure 7.13 shows the 

interior of the vehicle. Tables E.3 and E.4 in Appendix E1 provide exterior crush and occupant 

compartment measurements. 

  
  

Figure 7.12. Test Vehicle after Test No. 469549-01-2. 

 

  
  

Figure 7.13. Interior of Test Vehicle for Test No. 469549-01-2. 

7.5.7 Occupant Risk Factors 

Data from the accelerometer, located at the vehicle center of gravity, were digitized for 

evaluation of occupant risk and results are shown in Table 7.4. Figure 7.14 summarizes these 

data and other pertinent information from the test. Figure E.3 in Appendix E3 shows the 

vehicle angular displacements, and Figures E.4 through E.9 in Appendix E4 show acceleration 

versus time traces. 
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Table 7.4. Occupant Risk Factors for Test No. 469549-01-2. 

Occupant Risk Factor Value Time 

OIV   

 Longitudinal 18.7 ft/s 
at 0.1048 s on right side of interior 

 Lateral 24.3 ft/s 

Occupant Ridedown Accelerations   

 Longitudinal 5.3 g 0.1104–0.1204 s 

 Lateral 10.0 g 0.1395–0.1495 s 

THIV 
33.3 km/h 

9.2 m/s 
at 0.1025 s on right side of interior 

PHD 10.1 g 0.1396–0.1496 s 

ASI 1.68 0.0668–0.1168 s 

Maximum 50-ms Moving Average    

 Longitudinal −9.7 g 0.0398–0.0898 s 

 Lateral −12.5 g 0.0411–0.0911 s 

 Vertical 4.2 g 0.0997–0.1497 s 

Maximum Roll, Pitch, and Yaw Angles   

 Roll 14° 1.3533 s 

 Pitch 10° 0.6060 s 

 Yaw 46° 0.9440 s 
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General Information 
 Test Agency .......................  
 Test Standard Test No. ......  
 TTI Test No.  ......................  
 Test Date ...........................  
Test Article 
 Type ..................................  
 Name .................................  
 Installation Length ..............  
 Material or Key Elements ...  
 
 
 
 
Soil Type and Condition .....  
 
Test Vehicle 
 Type/Designation ...............  
 Make and Model ................  

  Curb ...................................  
 Test Inertial ........................  
 Dummy ..............................  
 Gross Static .......................  

 
Texas A&M Transportation Institute (TTI) 
MASH Test 3-21 
469549-01-2 
2019-03-06 
 
Transition 
Thrie Beam Transition 
102 ft-10¾ inches 
16-ft long parapet/moment slab, a 27 ft-
6¼ inch long W-beam to thrie-beam to 
parapet transition section, 50 ft of W-beam 
guardrail, and DAT terminal; top of metal 
rail height 31 inches 
AASHTO M147-65(2004), grading B Soil 
(crushed limestone) 
 
2270P 
2013 RAM 1500 Pickup 
5171 lb 
5034 lb 
No dummy 
5034 lb 

Impact Conditions 
 Speed ................................  
 Angle .................................  
 Location/Orientation ...........  
 
Impact Severity ....................  
Exit Conditions 
 Speed ................................  
 Trajectory/Heading Angle ...  
Occupant Risk Values 
 Longitudinal OIV ................  
 Lateral OIV .........................  

  Longitudinal Ridedown .......  
 Lateral Ridedown ...............  
 THIV ..................................  
 PHD ...................................  
 ASI .....................................  
Max. 0.050-s Average  
  Longitudinal ....................  
  Lateral.............................  
  Vertical ............................  

 
62.2 mi/h 
23.8° 
Centerline of post 14 
at connection 
106 kip-ft 
 
49.2 mi/h 
9.0° / 8.4° 
 
18.7 ft/s 
24.3 ft/s 
5.3 g 
10.0 g 
33.3 km/h 
10.1 g 
1.68 
 
-9.7 g 
-12.5 g 
4.2 g 
 

Post-Impact Trajectory 
 Stopping Distance .....................  
 
Vehicle Stability 

  Maximum Yaw Angle ................  
 Maximum Pitch Angle ...............  
 Maximum Roll Angle .................  
 Vehicle Snagging ......................  
 Vehicle Pocketing .....................  
Test Article Deflections 
 Dynamic ....................................  
 Permanent ................................  
 Working Width...........................  
 Height of Working Width ...........  
Vehicle Damage 
 VDS ..........................................  
 CDC ..........................................  
 Max. Exterior Deformation .........  
 OCDI.........................................  
 Max. Occupant Compartment  
  Deformation ...........................  

 
250 ft downstream 
28 ft toward traffic 
 
46° 
10° 
14° 
No 
No 
 
6.3 inches 
2.75 inches 
22.7 inches 
50.5 inches 
 
01RFQ5 
01FREW4 
15.0 inches 
FR0100000 
 
4.0 inches 

Figure 7.14. Summary of Results for MASH Test 3-21 on Upstream Transition. 
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CHAPTER 8:  

MASH TEST 3-21 ON DOWNSTREAM TRANSITION 

8.1 TEST ARTICLE AND INSTALLATION DETAILS 

The Guardrail to Rigid Barrier Transition Attached to Bridge or Culvert Structure 

installation was the same as used in the previous tests. Figure 7.1 presents overall information on 

the transition, and Figure 7.2 provides photographs of the installation. Appendix A provides 

further details of the transition. 

8.2 MATERIAL SPECIFICATIONS  

Appendix B provides material certification documents for the materials used to 

install/construct the downstream transition.  

8.3 SOIL CONDITIONS  

On the day of Test No. 469549-01-4, March 19, 2019, load on the post at deflections of 

5 inches, 10 inches, and 15 inches was 7525 lbf, 8080 lbf, and 8131 lbf, respectively. Tables C.4 

in Appendix C shows the strength of the backfill material in which the transition was installed 

met minimum requirements. 

8.4 MASH TEST 3-21 (CRASH TEST NO. 469549-01-4) 

8.4.1 Test Designation and Actual Impact Conditions 

MASH Test 3-21 involves a 2270P vehicle weighing 5000 lb ±110 lb impacting the CIP 

of the test article at an impact speed of 62 mi/h ±2.5 mi/h and an angle of 25° ±1.5°. The CIP for 

MASH Test 3-21 on the downstream transition was 5 inches ±1 ft downstream of the centerline 

of post 19 at the connection with the rail (82.75 inches from the end of the parapet).  

The 2013 RAM 1500 pickup truck used in the test weighed 5052 lb, and the actual 

impact speed and angle were 62.8 mi/h and 24.8°, respectively. The actual impact point was 

4.0 inches downstream of the centerline of post 19 at the connection with the rail. Minimum 

target IS was 106 kip-ft, and actual IS was 117 kip-ft. 

8.4.2 Weather Conditions 

The test was performed on the morning of March 19, 2019. Weather conditions at the 

time of testing were as follows: wind speed: 4 mi/h; wind direction: 80° (vehicle was traveling in 

a northwesterly direction); temperature: 64°F; relative humidity: 49 percent. 

8.4.3 Test Vehicle  

Figures 8.1 and 8.2 show the 2013 RAM 1500 pickup truck used for the crash test. The 

vehicle’s test inertia weight was 5052 lb, and its gross static weight was 5052 lb. The height to 

the lower edge of the vehicle bumper was 11.75 inches, and height to the upper edge of the 
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bumper was 27.0 inches. The height to the vehicle’s center of gravity was 28.25 inches. 

Tables F.1 and F.2 in Appendix F1 give additional dimensions and information on the vehicle. 

The vehicle was directed into the installation using the cable reverse tow and guidance system, 

and was released to be freewheeling and unrestrained just prior to impact. 

  
  

Figure 8.1. Downstream Transition/Test Vehicle Geometrics for Test No. 469549-01-4. 

 

  
  

Figure 8.2. Test Vehicle before Test No. 469549-01-4. 

8.4.4 Test Description 

The test vehicle was traveling at an impact speed of 62.8 mi/h when it contacted the 

downstream transition 4.0 inches downstream of the centerline of post 19 at an impact angle of 

24.8°. Table 8.1 lists events that occurred during Test No. 469549-01-4. Figures D.1 and D.2 in 

Appendix D2 present sequential photographs during the test. 

For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier 

within the exit box criteria (not less than 32.8 ft downstream from loss of contact for cars and 

pickups). The test vehicle exited within the exit box criteria defined in MASH. After loss of 

contact with the barrier, the vehicle came to rest 196 ft downstream of the impact and 53 ft 

toward traffic lanes.  
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Table 8.1. Events during Test No. 469549-01-4. 

TIME (s) EVENTS 

0.0000 Vehicle contacts transition 

0.0580 Vehicle begins to redirect 

0.1090 Left front tire leaves ground 

0.1220 Left rear tire leaves ground 

0.2030 Vehicle is parallel with transition 

0.2080 Right rear bumper contacts transition 

0.3510 Vehicle loses contact with transition while traveling at 54.1 m/h with a 

trajectory of 5.6°/heading of 13.7° 

 

8.4.5 Damage to Test Installation 

Figure 8.3 shows the damage to the downstream transition. The guardrail was deformed 

from post 19 to post 21. The soil was disturbed on the traffic side of the concrete wing wall. 

Posts 19 through 22 were leaning toward the field side at 89°. There was superficial scuffing on 

the upper edge of the concrete parapet. Working width was 25.4 inches, and height of working 

width was 47.5 inches. Maximum dynamic deflection during the test was 2.2 inches, and 

maximum permanent deformation was 0.8 inches.  

8.4.6 Vehicle Damage 

Figure 8.4 shows the damage sustained by the vehicle. The front bumper, radiator and 

support, grill, right front fender, right upper and lower A-arms, right front tire and rim, right 

frame rail, right front and rear doors, right cab corner, right rear exterior bed, and right rear tire 

and rim were damaged. The right front wheel (with tire) was completely removed. The 

windshield had stress cracks radiating from the right side A-pillar. Maximum exterior crush to 

the vehicle was 17.0 inches in the front plane at the right front corner at bumper height. 

Maximum occupant compartment deformation was 6.0 inches in the right side firewall and 

kickpanel. Figure 8.5 shows the interior of the vehicle. Tables F.3 and F.4 in Appendix F1 

provide exterior crush and occupant compartment measurements. 

8.4.7 Occupant Risk Factors 

Data from the accelerometer, located at the vehicle center of gravity, were digitized for 

evaluation of occupant risk and results are shown in Table 8.2. Figure 8.6 summarizes these 

data and other pertinent information from the test. Figure F.3 in Appendix F3 shows the 

vehicle angular displacements, and Figures F.4 through F.9 in Appendix D4 show acceleration 

versus time traces. 
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Figure 8.3. Downstream Transition after Test No. 469549-01-4. 

 

  
  

Figure 8.4. Test Vehicle after Test No. 469549-01-4. 
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Figure 8.5. Interior of Test Vehicle for Test No. 469549-01-4. 

 

 

Table 8.2. Occupant Risk Factors for Test No. 469549-01-4. 

Occupant Risk Factor Value Time 

OIV   

 Longitudinal 19.7 ft/s 
at 0.1033 s on right side of interior 

 Lateral 26.6 ft/s 

Occupant Ridedown Accelerations   

 Longitudinal 6.0 g 0.1495–0.1595 s 

 Lateral 9.1 g 0.1521–0.1621 s 

THIV 
35.5 km/h 

9.9 m/s 
at 0.1006 s on right side of interior 

PHD 10.3 0.1500–0.1600 s 

ASI 1.55 0.0555–0.1055 s 

Maximum 50-ms Moving Average    

 Longitudinal −8.6 g 0.0339–0.0839 s 

 Lateral −11.5 g 0.0464–0.0964 s 

 Vertical −4.8 g 0.1115–0.1615 s 

Maximum Roll, Pitch, and Yaw Angles   

 Roll 28° 0.9681 s 

 Pitch 15° 0.5922 s 

 Yaw 105° 2.0000 s 
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General Information 
 Test Agency .......................  
 Test Standard Test No. ......  
 TTI Test No.  ......................  
 Test Date ...........................  
Test Article 
 Type ..................................  
 Name .................................  
 Installation Length ..............  
 Material or Key Elements ...  
 
 
 
 
Soil Type and Condition .....  
 
Test Vehicle 
 Type/Designation ...............  
 Make and Model ................  

  Curb ...................................  
 Test Inertial ........................  
 Dummy ..............................  
 Gross Static .......................  

 
Texas A&M Transportation Institute (TTI) 
MASH Test 3-21 
469549-01-4 
2019-03-19 
 
Transition 
Thrie Beam Transition 
102 ft-10¾ inches 
16-ft long parapet/moment slab, a 27 ft-
6¼ inch long W-beam to thrie-beam to 
parapet transition section, 50 ft of W-beam 
guardrail, and DAT terminal; top of metal 
rail height 31 inches 
AASHTO M147-65(2004), grading B Soil 
(crushed limestone) 
 
2270P 
2013 RAM 1500 Pickup 
4953 lb 
5052 lb 
No dummy 
5052 lb 

Impact Conditions 
 Speed ..............................  
 Angle ...............................  
 Location/Orientation .........  
 
Impact Severity ..................  
Exit Conditions 
 Speed ..............................  
 Trajectory/Heading Angle .  
Occupant Risk Values 
 Longitudinal OIV ..............  
 Lateral OIV .......................  

  Longitudinal Ridedown .....  
 Lateral Ridedown .............  
 THIV ................................  
 PHD .................................  
 ASI ...................................  
Max. 0.050-s Average  
  Longitudinal ..................  
  Lateral...........................  
  Vertical ..........................  

 
62.8 mi/h 
24.8° 
4 inches downstream 
of post 19 
117 kip-ft 
 
54.1 mi/h 
5.6°/13.7° 
 
19.7 ft/s 
26.6 ft/s 
6.0 g 
9.1 g 
35.5 km/h 
10.3 g 
1.55 
 
-8.6 g 
-11.5 g 
-4.8 g 
 

Post-Impact Trajectory 
 Stopping Distance .....................  
 
Vehicle Stability 

  Maximum Yaw Angle ................  
 Maximum Pitch Angle ...............  
 Maximum Roll Angle .................  
 Vehicle Snagging ......................  
 Vehicle Pocketing .....................  
Test Article Deflections 
 Dynamic ....................................  
 Permanent ................................  
 Working Width ..........................  
 Height of Working Width ...........  
Vehicle Damage 
 VDS ..........................................  
 CDC ..........................................  
 Max. Exterior Deformation.........  
 OCDI ........................................  
 Max. Occupant Compartment  
  Deformation ...........................  

 
196 ft downstream 
53 ft toward traffic 
 
105° 
15° 
28° 
 
No 
No 
2.2 inches 
0.8 inch 
25.4 inches 
47.5 inches 
 
01RFQ5 
01FREW4 
17.0 inches 
RF0033000 
 
6.0 inches 

Figure 8.6. Summary of Results for MASH Test 3-21 on Downstream Transition. 
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CHAPTER 9:  

SUMMARY AND CONCLUSIONS 

9.1 SUMMARY OF RESULTS 

An assessment of the tests on the Guardrail to Rigid Barrier Transition Attached to 

Bridge or Culvert Structure based on the applicable safety evaluation criteria for MASH TL-3 for 

transitions is provided in Tables 9.1 through 9.3. 

9.2 CONCLUSIONS 

The Guardrail to Rigid Barrier Transition Attached to Bridge or Culvert Structure, used 

on the upstream and downstream ends, performed acceptably for MASH TL-3 transitions. Based 

on the transition design developed for the project, MASH Test 3-20 in the immediate area 

upstream of the concrete parapet did not present reasonable uncertainty of success, so this test 

was not performed (considered optional for MASH). Table 9.4 shows the outcome of the crash 

tests performed on the transition. 
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Table 9.1. Performance Evaluation Summary for MASH Test 3-20 on Upstream Transition. 

Test Agency: Texas A&M Transportation Institute Test No.: 469549-01-1   Test Date: 2019-03-04 

MASH Test 3-20 Evaluation Criteria Test Results Assessment 

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. 

The Guardrail to Rigid Barrier Transition Attached 

to Bridge or Culvert Structure contained and 

redirected the 1100C vehicle when impacted from 

the upstream end. Maximum dynamic deflection 

during the test was 7.1 inches. 

Pass 

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.  

No detached elements, fragments, or other debris 

was present to penetrate or show potential for 

penetrating the occupant compartment, or to 

present hazard to others in the area. 
Pass 

Deformations of, or intrusions into, the occupant 

compartment should not exceed limits set forth in Section 

5.3 and Appendix E of MASH. 

Maximum occupant compartment deformation was 

1.25 inches in the kick panel laterally across the 

floor pan. 

F. The vehicle should remain upright during and after 

collision. The maximum roll and pitch angles are not to 

exceed 75 degrees. 

The 1100C vehicle remained upright during and 

after the collision event. Maximum roll and pitch 

angles were 19° and 10°, respectively. 
Pass 

H. Longitudinal and lateral occupant impact velocities 

should fall below the preferred value of 30 ft/s, or at least 

below the maximum allowable value of 40 ft/s. 

Longitudinal OIV was 27.3 ft/s, and lateral OIV 

was 30.5 ft/s. Pass 

I. Longitudinal and lateral occupant ridedown 

accelerations should fall below the preferred value of 

15.0 Gs, or at least below the maximum allowable value 

of 20.49 Gs. 

Maximum longitudinal occupant ridedown 

acceleration was 19.4 g, and maximum lateral 

occupant ridedown acceleration was 14.6 g. 
Pass 

Vehicle Trajectory   

 For redirective devices, it is preferable that the vehicle be 

smoothly redirected and leave the barrier within the exit 

box criteria (not less than 32.8 ft for the 1100C and 

2270P vehicles), and should be documented. 

The 1100C vehicle exited within the exit box. 

*Documentation 

only 
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Table 9.2. Performance Evaluation Summary for MASH Test 3-21 on Upstream Transition. 

Test Agency: Texas A&M Transportation Institute Test No.: 469549-01-2   Test Date: 2019-03-06 

MASH Test 3-21 Evaluation Criteria Test Results Assessment 

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. 

The Guardrail to Rigid Barrier Transition Attached 

to Bridge or Culvert Structure contained and 

redirected the 2270P vehicle when impacted on the 

upstream end. Maximum dynamic deflection 

during the test was 6.3 inches. 

Pass 

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.  

No detached elements, fragments, or other debris 

was present to penetrate or show potential for 

penetrating the occupant compartment, or to 

present hazard to others in the area. 
Pass 

Deformations of, or intrusions into, the occupant 

compartment should not exceed limits set forth in Section 

5.3 and Appendix E of MASH. 

Maximum occupant compartment deformation was 

4.0 inches in the right front kick panel laterally 

across the floor pan. 

F. The vehicle should remain upright during and after 

collision. The maximum roll and pitch angles are not to 

exceed 75 degrees. 

The 2270P vehicle remained upright during and 

after the collision event. Maximum roll and pitch 

angles were 13° and 10°, respectively. 
Pass 

H. Longitudinal and lateral occupant impact velocities 

should fall below the preferred value of 30 ft/s, or at least 

below the maximum allowable value of 40 ft/s. 

Longitudinal OIV was 18.7 ft/s, and lateral OIV 

was 24.3 ft/s. Pass 

I. Longitudinal and lateral occupant ridedown 

accelerations should fall below the preferred value of 

15.0 Gs, or at least below the maximum allowable value 

of 20.49 Gs. 

Maximum longitudinal occupant ridedown 

acceleration was 5.3 g, and maximum lateral 

occupant ridedown acceleration was 10.0 g. 
Pass 

Vehicle Trajectory   

 For redirective devices, it is preferable that the vehicle be 

smoothly redirected and leave the barrier within the exit 

box criteria (not less than 32.8 ft for the 1100C and 

2270P vehicles), and should be documented. 

The 2270P vehicle exited within the exit box. 

*Documentation 

only 
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Table 9.3. Performance Evaluation Summary for MASH Test 3-21 on Downstream Transition. 

Test Agency: Texas A&M Transportation Institute Test No.: 469549-01-4   Test Date: 2019-03-19 

MASH Test 3-21 Evaluation Criteria Test Results Assessment 

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. 

The Guardrail to Rigid Barrier Transition Attached 

to Bridge or Culvert Structure contained and 

redirected the 2270P vehicle when impacted on the 

downstream end. Maximum dynamic deflection 

during the test was 2.2 inches. 

Pass 

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.  

No detached elements, fragments, or other debris 

was present to penetrate or show potential for 

penetrating the occupant compartment, or to 

present hazard to others in the area. 
Pass 

Deformations of, or intrusions into, the occupant 

compartment should not exceed limits set forth in Section 

5.3 and Appendix E of MASH. 

Maximum occupant compartment deformation was 

6.0 inches in the right side firewall and kickpanel. 

F. The vehicle should remain upright during and after 

collision. The maximum roll and pitch angles are not to 

exceed 75 degrees. 

The 2270P vehicle remained upright during and 

after the collision event. Maximum roll and pitch 

angles were 28° and 15°, respectively. 
Pass 

H. Longitudinal and lateral occupant impact velocities 

should fall below the preferred value of 30 ft/s, or at least 

below the maximum allowable value of 40 ft/s. 

Longitudinal OIV was 19.7 ft/s, and lateral OIV 

was 26.6 ft/s. Pass 

I. Longitudinal and lateral occupant ridedown 

accelerations should fall below the preferred value of 

15.0 Gs, or at least below the maximum allowable value 

of 20.49 Gs. 

Maximum longitudinal occupant ridedown 

acceleration was 6.0 g, and maximum lateral 

occupant ridedown acceleration was 9.1 g. 
Pass 

Vehicle Trajectory   

 For redirective devices, it is preferable that the vehicle be 

smoothly redirected and leave the barrier within the exit 

box criteria (not less than 32.8 ft for the 1100C and 

2270P vehicles), and should be documented. 

The 2270P vehicle exited within the exit box. 

*Documentation 

only 
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Table 9.4. Assessment Summary for MASH TL-3 Tests on Guardrail  

to Rigid Barrier Transition Attached to Bridge or Culvert Structure. 

 

Evaluation  

Factors 

Evaluation  

Criteria 

Upstream Transition 
Downstream  

Transition 

Test No.  

469549-01-1 

Test No.  

469549-01-2 

Test No.  

469549-01-4 

Structural  

Adequacy 
A S S S 

Occupant  

Risk 

D S S S 

F S S S 

H S S S 

I S S S 

Test No. 
MASH Test  

3-20 

MASH Test  

3-21 

MASH Test  

3-21 

Pass/Fail Pass Pass Pass 

S = Satisfactory 

U = Unsatisfactory 

N/A = Not Applicable 
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CHAPTER 10:  

IMPLEMENTATION* 

The testing reported herein met all the requirements of MASH. However, other impact 

conditions were discovered that might be critical based on the final design developed for this 

project. These impact conditions (further testing) will be investigated under a new and separate 

project at a later date. 

 

                                                 

 
* The opinions/interpretations identified/expressed in this section of the report are outside the scope of TTI Proving 

Ground’s A2LA Accreditation. 
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Table C.1. Summary of Strong Soil Test Results for Establishing Installation Procedure. 
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 Post-Test  

 Photo of post 

 

Post-Test 

Photo 

 

 

 Static 

Load Test 

  

 

 
 

 

 Dynamic 

 Test  

 Installation 

 Details 

 

 
 

 

 

 

 

 

 

 Static Load 

 Test Installation 

 Details 
Date .................................................................................................................................  2008-11-05 

Test Facility and Site Location ..........................................................................................  TTI Proving Ground, 3100 SH 47, Bryan, TX 77807 

In Situ Soil Description (ASTM D2487 ..............................................................................  Sandy gravel with silty fines 

Fill Material Description (ASTM D2487) and sieve analysis ..............................................  AASHTO Grade B Soil-Aggregate (see sieve analysis above) 

Description of Fill Placement Procedure ...........................................................................  6-inch lifts tamped with a pneumatic compactor 

Bogie Weight ....................................................................................................................  5009 lb 

Impact Velocity .................................................................................................................  20.5 mph 
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Table C.2. Test Day Static Soil Strength Documentation for Test No. 469549-01-1. 

  

 

 

 

 

 

 

 

 

 

 

 

Static Load Setup 

  

 

 

 

 

 

 

 

 

 

 

Post-Test Photo of Post 

 
Date ......................................................................................  2019-03-04 

Test Facility and Site Location ..............................................  TTI Proving Ground – 3100 SH 47, Bryan, Tx 

In Situ Soil Description (ASTM D2487) .................................  Sandy gravel with silty fines 

Fill Material Description (ASTM D2487) and sieve analysis ..  AASHTO Grade B Soil-Aggregate (see sieve analysis) 

Description of Fill Placement Procedure ...............................  6-inch lifts tamped with a pneumatic compactor 
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Table C.3. Test Day Static Soil Strength Documentation for Test No. 469549-01-2. 

  

 

 

 

 

 

 

 

 

 

 

 

Static Load Setup 

  

 

 

 

 

 

 

 

 

 

 

Post-Test Photo of Post 

 
Date ......................................................................................  2019-03-06 

Test Facility and Site Location ..............................................  TTI Proving Ground – 3100 SH 47, Bryan, Tx 

In Situ Soil Description (ASTM D2487) .................................  Sandy gravel with silty fines 

Fill Material Description (ASTM D2487) and sieve analysis ..  AASHTO Grade B Soil-Aggregate (see sieve analysis) 

Description of Fill Placement Procedure ...............................  6-inch lifts tamped with a pneumatic compactor 
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Table C.4. Test Day Static Soil Strength Documentation for Test No. 469549-01-4. 

  

 

 

 

 

 

 

 

 

 

 

 

Typical Static Load Setup 

  

 

 

 

 

 

 

 

 

 

 

Post-Test Photo of Post 

 
Date ......................................................................................  2019-03-19 

Test Facility and Site Location ..............................................  TTI Proving Ground – 3100 SH 47, Bryan, Tx 

In Situ Soil Description (ASTM D2487) .................................  Sandy gravel with silty fines 

Fill Material Description (ASTM D2487) and sieve analysis ..  AASHTO Grade B Soil-Aggregate (see sieve analysis) 

Description of Fill Placement Procedure ...............................  6-inch lifts tamped with a pneumatic compactor 
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APPENDIX D.  MASH TEST 3-20 (CRASH TEST NO. 469549-01-1) 

D.1 VEHICLE PROPERTIES AND INFORMATION 

Table D.1. Vehicle Properties for Test No. 469549-01-1. 
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Table D.2. Exterior Crush Measurements of Vehicle for Test No. 469549-01-1. 

 

 
  



 

TR No. 0-6954-R1 121 2020-10-12 

Table D.3. Occupant Compartment Measurements of Vehicle for Test No. 469549-1. 
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D.2 SEQUENTIAL PHOTOGRAPHS 

 0.000 s  
   

 0.100 s  
   

 0.200 s  
   

 0.300 s  
   

Figure D.1. Sequential Photographs for Test No. 469549-01-1 (Overhead and Frontal Views). 
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 0.400 s  
   

 0.500 s  
   

 0.600 s  
   

 0.700 s  
   

Figure D.1. Sequential Photographs for Test No. 469549-01-1 (Overhead and Frontal Views) 

(Continued). 
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0.000 s  0.400 s 

   
0.100 s  0.500 s 

   
0.200 s  0.600 s 

   
0.300 s 

 
0.700 s 

Figure D.2. Sequential Photographs for Test No. 469549-01-1 (Rear View). 
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Figure D.3. Vehicle Angular Displacements for Test No. 469549-01-1. 
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Axes are vehicle-fixed. 
Sequence for determining 
orientation: 

1. Yaw. 
2. Pitch. 
3. Roll. 

Test Number: 469549-01-1 
Test Standard Test Number: MASH Test 3-20 
Test Article: Upstream Thrie Beam Transition 
Test Vehicle: 2007 Kia Rio 
Inertial Mass: 2444 lb 
Gross Mass: 2609 lb 
Impact Speed: 62.7 mi/h 
Impact Angle: 24.8° 
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X Acceleration at CG
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Figure D.4. Vehicle Longitudinal Accelerometer Trace for Test No. 469549-01-1  

(Accelerometer Located at Center of Gravity). 
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Test Number: 469549-01-1 
Test Standard Test Number: MASH Test 3-20 
Test Article: Upstream Thrie Beam Transition 
Test Vehicle: 2007 Kia Rio 
Inertial Mass: 2444 lb 
Gross Mass: 2609 lb 
Impact Speed: 62.7 mi/h 
Impact Angle: 24.8° 
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Y Acceleration at CG
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Figure D.5. Vehicle Lateral Accelerometer Trace for Test No. 469549-01-1  

(Accelerometer Located at Center of Gravity). 

 

Test Number: 469549-01-1 
Test Standard Test Number: MASH Test 3-20 
Test Article: Upstream Thrie Beam Transition 
Test Vehicle: 2007 Kia Rio 
Inertial Mass: 2444 lb 
Gross Mass: 2609 lb 
Impact Speed: 62.7 mi/h 
Impact Angle: 24.8° 
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Figure D.6. Vehicle Vertical Accelerometer Trace for Test No. 469549-01-1  

(Accelerometer Located at Center of Gravity). 

 

Test Number: 469549-01-1 
Test Standard Test Number: MASH Test 3-20 
Test Article: Upstream Thrie Beam Transition 
Test Vehicle: 2007 Kia Rio 
Inertial Mass: 2444 lb 
Gross Mass: 2609 lb 
Impact Speed: 62.7 mi/h 
Impact Angle: 24.8° 
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Figure D.7. Vehicle Longitudinal Accelerometer Trace for Test No. 469549-01-1  

(Accelerometer Located Rear of Center of Gravity). 

 

Test Number: 469549-01-1 
Test Standard Test Number: MASH Test 3-20 
Test Article: Upstream Thrie Beam Transition 
Test Vehicle: 2007 Kia Rio 
Inertial Mass: 2444 lb 
Gross Mass: 2609 lb 
Impact Speed: 62.7 mi/h 
Impact Angle: 24.8° 
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Figure D.8. Vehicle Lateral Accelerometer Trace for Test No. 469549-01-1  

(Accelerometer Located Rear of Center of Gravity). 

 

Test Number: 469549-01-1 
Test Standard Test Number: MASH Test 3-20 
Test Article: Upstream Thrie Beam Transition 
Test Vehicle: 2007 Kia Rio 
Inertial Mass: 2444 lb 
Gross Mass: 2609 lb 
Impact Speed: 62.7 mi/h 
Impact Angle: 24.8° 



T
R

 N
o
. 0

-6
9
5
4
-R

1
  

1
3
1
 

2
0
2
0
-1

0
-1

2
 

 

 

 

Z Acceleration Rear of CG

0 0.5 1.0 1.5 2.0
-30

-20

-10

0

10

20

Time (s)

V
e

rt
ic

a
l A

c
c

e
le

ra
ti

o
n

 (
g

)

SAE Class 60 Filter 50-msec average

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure D.9. Vehicle Vertical Accelerometer Trace for Test No. 469549-01-1  

(Accelerometer Located Rear of Center of Gravity). 

Test Number: 469549-01-1 
Test Standard Test Number: MASH Test 3-20 
Test Article: Upstream Thrie Beam Transition 
Test Vehicle: 2007 Kia Rio 
Inertial Mass: 2444 lb 
Gross Mass: 2609 lb 
Impact Speed: 62.7 mi/h 
Impact Angle: 24.8° 
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APPENDIX E.  MASH TEST 3-21 (CRASH TEST NO. 469549-01-2) 

E.1 VEHICLE PROPERTIES AND INFORMATION 

Table E.1. Vehicle Properties for Test No. 469549-01-2. 
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Table E.2. Measurements of Vehicle Vertical CG for Test No. 469549-01-2. 
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Table E.3. Exterior Crush Measurements of Vehicle for Test No. 469549-01-2. 
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Table E.4. Occupant Compartment Measurements of Vehicle for Test No. 469549-01-2. 
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E.2 SEQUENTIAL PHOTOGRAPHS 

 0.000 s  
   

 0.100 s  
   

 0.200 s  
   

 0.300 s  
   

Figure E.1. Sequential Photographs for Test No. 469549-01-2 (Overhead and Frontal Views). 
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 0.400 s  
   

 0.500 s  
   

 0.600 s  
   

 0.700 s  
   

Figure E.1. Sequential Photographs for Test No. 469549-01-2 (Overhead and Frontal Views) 

(Continued). 
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0.000 s  0.400 s 

   
0.100 s  0.500 s 

   
0.200 s  0.600 s 

   
0.300 s 

 
0.700 s 

Figure E.2. Sequential Photographs for Test No. 469549-01-2 (Rear View). 
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Figure E.3. Vehicle Angular Displacements for Test No. 469549-01-2. 
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Axes are vehicle-fixed. 
Sequence for determining 
orientation: 

1. Yaw. 
2. Pitch. 
3. Roll. 

Test Number: 469549-01-2 
Test Standard Test Number: MASH Test 3-21 
Test Article: Upstream Thrie Beam Transition 
Test Vehicle: 2013 RAM 1500 Pickup 
Inertial Mass: 5034 lb 
Gross Mass: 5034 lb 
Impact Speed: 62.2 mi/h 
Impact Angle: 23.8° 
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Figure E.4. Vehicle Longitudinal Accelerometer Trace for Test No. 469549-01-2  

(Accelerometer Located at Center of Gravity). 

 

E
.4

 
V

E
H

IC
L

E
 A

C
C

E
L

E
R

A
T

IO
N

S
 

Test Number: 469549-01-2 
Test Standard Test Number: MASH Test 3-21 
Test Article: Upstream Thrie Beam Transition 
Test Vehicle: 2013 RAM 1500 Pickup 
Inertial Mass: 5034 lb 
Gross Mass: 5034 lb 
Impact Speed: 62.2 mi/h 
Impact Angle: 23.8° 



T
R

 N
o
. 0

-6
9
5
4
-R

1
  

1
4
2
 

2
0
2
0
-1

0
-1

2
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Figure E.5. Vehicle Lateral Accelerometer Trace for Test No. 469549-01-2  

(Accelerometer Located at Center of Gravity). 

 

Test Number: 469549-01-2 
Test Standard Test Number: MASH Test 3-21 
Test Article: Upstream Thrie Beam Transition 
Test Vehicle: 2013 RAM 1500 Pickup 
Inertial Mass: 5034 lb 
Gross Mass: 5034 lb 
Impact Speed: 62.2 mi/h 
Impact Angle: 23.8° 
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Figure E.6. Vehicle Vertical Accelerometer Trace for Test No. 469549-01-2  

(Accelerometer Located at Center of Gravity). 

 

Test Number: 469549-01-2 
Test Standard Test Number: MASH Test 3-21 
Test Article: Upstream Thrie Beam Transition 
Test Vehicle: 2013 RAM 1500 Pickup 
Inertial Mass: 5034 lb 
Gross Mass: 5034 lb 
Impact Speed: 62.2 mi/h 
Impact Angle: 23.8° 
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Figure E.7. Vehicle Longitudinal Accelerometer Trace for Test No. 469549-01-2  

(Accelerometer Located Rear of Center of Gravity). 

 

Test Number: 469549-01-2 
Test Standard Test Number: MASH Test 3-21 
Test Article: Upstream Thrie Beam Transition 
Test Vehicle: 2013 RAM 1500 Pickup 
Inertial Mass: 5034 lb 
Gross Mass: 5034 lb 
Impact Speed: 62.2 mi/h 
Impact Angle: 23.8° 
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Figure E.8. Vehicle Lateral Accelerometer Trace for Test No. 469549-01-2  

(Accelerometer Located Rear of Center of Gravity). 

 

Test Number: 469549-01-2 
Test Standard Test Number: MASH Test 3-21 
Test Article: Upstream Thrie Beam Transition 
Test Vehicle: 2013 RAM 1500 Pickup 
Inertial Mass: 5034 lb 
Gross Mass: 5034 lb 
Impact Speed: 62.2 mi/h 
Impact Angle: 23.8° 
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Figure E.9. Vehicle Vertical Accelerometer Trace for Test No. 469549-01-2  

(Accelerometer Located Rear of Center of Gravity). 

Test Number: 469549-01-2 
Test Standard Test Number: MASH Test 3-21 
Test Article: Upstream Thrie Beam Transition 
Test Vehicle: 2013 RAM 1500 Pickup 
Inertial Mass: 5034 lb 
Gross Mass: 5034 lb 
Impact Speed: 62.2 mi/h 
Impact Angle: 23.8° 
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APPENDIX F.  MASH TEST 3-21 (CRASH TEST NO. 469549-01-4) 

F.1 VEHICLE PROPERTIES AND INFORMATION 

Table F.1. Vehicle Properties for Test No. 469549-01-4. 
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Table F.2. Measurements of Vehicle Vertical CG for Test No. 469549-01-4. 
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Table F.3. Exterior Crush Measurements of Vehicle for Test No. 469549-01-4. 
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Table F.4. Occupant Compartment Measurements of Vehicle for Test No. 469549-01-4. 
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F.2 SEQUENTIAL PHOTOGRAPHS 

 0.000 s  
   

 0.100 s  
   

 0.200 s  
   

 0.300 s  
   

Figure F.1. Sequential Photographs for Test No. 469549-01-4 (Overhead and Frontal Views). 



 

TR No. 0-6954-R1 152 2020-10-12 

 0.400 s  
   

 0.500 s  
   

 0.600 s  
   

 0.700 s  
   

Figure F.1. Sequential Photographs for Test No. 469549-01-4 (Overhead and Frontal Views) 

(Continued). 
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0.000 s  0.400 s 

   
0.100 s  0.500 s 

   
0.200 s  0.600 s 

   
0.300 s 

 
0.700 s 

Figure F.2. Sequential Photographs for Test No. 469549-01-4 (Rear View). 
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Figure F.3. Vehicle Angular Displacements for Test No. 469549-01-4. 
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Axes are vehicle-fixed. 
Sequence for determining 
orientation: 

1. Yaw. 
2. Pitch. 
3. Roll. 

Test Number: 469549-01-4 
Test Standard Test Number: MASH Test 3-21 
Test Article: Downstream Transition 
Test Vehicle: 2013 RAM 1500 Pickup Truck 
Inertial Mass: 5052 lb 
Gross Mass: 5052 lb 
Impact Speed: 62.8 mi/h 
Impact Angle: 24.8° 
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Figure F.4. Vehicle Longitudinal Accelerometer Trace for Test No. 469549-01-4  

(Accelerometer Located at Center of Gravity). 
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Test Number: 469549-01-4 
Test Standard Test Number: MASH Test 3-21 
Test Article: Downstream Transition 
Test Vehicle: 2013 RAM 1500 Pickup Truck 
Inertial Mass: 5052 lb 
Gross Mass: 5052 lb 
Impact Speed: 62.8 mi/h 
Impact Angle: 24.8° 
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Figure F.5. Vehicle Lateral Accelerometer Trace for Test No. 469549-01-4  

(Accelerometer Located at Center of Gravity). 

 

Test Number: 469549-01-4 
Test Standard Test Number: MASH Test 3-21 
Test Article: Downstream Transition 
Test Vehicle: 2013 RAM 1500 Pickup Truck 
Inertial Mass: 5052 lb 
Gross Mass: 5052 lb 
Impact Speed: 62.8 mi/h 
Impact Angle: 24.8° 
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Figure F.6. Vehicle Vertical Accelerometer Trace for Test No. 469549-01-4  

(Accelerometer Located at Center of Gravity). 

 

Test Number: 469549-01-4 
Test Standard Test Number: MASH Test 3-21 
Test Article: Downstream Transition 
Test Vehicle: 2013 RAM 1500 Pickup Truck 
Inertial Mass: 5052 lb 
Gross Mass: 5052 lb 
Impact Speed: 62.8 mi/h 
Impact Angle: 24.8° 
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Figure F.7. Vehicle Longitudinal Accelerometer Trace for Test No. 469549-01-4  

(Accelerometer Located Rear of Center of Gravity). 

 

Test Number: 469549-01-4 
Test Standard Test Number: MASH Test 3-21 
Test Article: Downstream Transition 
Test Vehicle: 2013 RAM 1500 Pickup Truck 
Inertial Mass: 5052 lb 
Gross Mass: 5052 lb 
Impact Speed: 62.8 mi/h 
Impact Angle: 24.8° 
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Figure F.8. Vehicle Lateral Accelerometer Trace for Test No. 469549-01-4  

(Accelerometer Located Rear of Center of Gravity). 

 

Test Number: 469549-01-4 
Test Standard Test Number: MASH Test 3-21 
Test Article: Downstream Transition 
Test Vehicle: 2013 RAM 1500 Pickup Truck 
Inertial Mass: 5052 lb 
Gross Mass: 5052 lb 
Impact Speed: 62.8 mi/h 
Impact Angle: 24.8° 
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Figure F.9. Vehicle Vertical Accelerometer Trace for Test No. 469549-01-4  

(Accelerometer Located Rear of Center of Gravity). 

Test Number: 469549-01-4 
Test Standard Test Number: MASH Test 3-21 
Test Article: Downstream Transition 
Test Vehicle: 2013 RAM 1500 Pickup Truck 
Inertial Mass: 5052 lb 
Gross Mass: 5052 lb 
Impact Speed: 62.8 mi/h 
Impact Angle: 24.8° 
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