
 

 

 

 

 

Research Project Number TPF-5(193) Supplement #88 

PERFORMANCE EVALUATION  OF NEW 

JERSEYôS PORTABLE CONCRETE BARRIER 

WITH  A FREE-STANDING CONFIG URATION 

AND GROUTED TOES ï TEST NO. NJPCB-4 

Submitted by 

 

Surajkumar K. Bhakta, M.S.M.E. 

Former Graduate Research Assistant 

 

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

Research Professor 

MwRSF Director 

 

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

Research Engineer  

 

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

Research Engineer 

 

John D. Reid, Ph.D. 

Professor 

 

 

Erin L. Urbank, B.A. 

Research Communication Specialist 

 

MIDWEST ROADSIDE SAFETY FACILITY  
Nebraska Transportation Center 

University of Nebraska-Lincoln 

Main Office 

Prem S. Paul Research Center at Whittier School 

Room 130, 2200 Vine Street 

Lincoln, Nebraska 68583-0853 

(402) 472-0965 

Outdoor Test Site 

4630 N.W. 36th Street 

Lincoln, Nebraska 68524 

 

Submitted to 

 

NEW JERSEY DEPARTMENT OF TRANSPORTATION  
1035 Parkway Avenue, 

Trenton, New Jersey 08625 

 

 

MwRSF Research Report No.  TRP-03-371-18 

 

 

December 12, 2018  



 

i 

 

TECHNICAL REPORT DOCUMENTATION PAGE  

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

TRP-03-371-18   

4. Title and Subtitle 5. Report Date 

Performance Evaluation of New Jerseyôs Portable Concrete Barrier with a Free-

Standing Configuration and Grouted Toes ï Test No. NJPCB-4 
December 12, 2018  

6. 

 

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

Bhakta, S.K., Lechtenberg, K.A., Faller, R.K., Reid, J.D., Bielenberg, R.W., and 

Urbank, E.L. 

TRP-03-371-18 

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

Midwest Roadside Safety Facility (MwRSF) 

Nebraska Transportation Center 

University of Nebraska-Lincoln  

Main Office: 

Prem S. Paul Research Center at Whittier School  

Room 130, 2200 Vine Street 

Lincoln, Nebraska 68583-0853 

Outdoor Test Site: 

4630 N.W. 36th Street 

Lincoln, Nebraska 68524 

 

11. Contract © or Grant (G) No. 
TPF-5(193) Supplement #88 

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

New Jersey Department of Transportation 

1035 Parkway Avenue 

Trenton, New Jersey 08625 

Final Report: 2015 -2018 

14. Sponsoring Agency Code 

 

15. Supplementary Notes 

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

16. Abstract 

       This report documents a full-scale crash test conducted in support of a study to investigate the performance of New Jersey 

Department of Transportationôs (NJDOTôs) Precast Concrete Curb, Construction Barrier, which will be referred as portable 

concrete barrier (PCB) in various configurations. This represents the fourth system as part of this study. 

       The primary objective of this research effort was to evaluate the safety performance of the NJDOT PCB, Type 4 

(Alternative B) with a free-standing configuration and grouted toes, corresponding to joint class B in the 2013 NJDOT 

Roadway Design Manual. Barrier nos. 1 and 10 were anchored to a concrete tarmac through the pin anchor recesses with nine 

1-in. (25-mm) diameter by 15-in. (381-mm) long ASTM A36 steel pins inserted into 1¼-in. (32-mm) diameter drilled holes 

in the concrete tarmac. Non-shrink grout wedges were placed at the toe of each barrier segment in every joint between adjacent 

barrier segments. The barrier was evaluated according to the Test Level 3 (TL-3) criteria set forth in the Manual for Assessing 

Safety Hardware, Second Edition (MASH 2016). The research study included one full-scale vehicle crash test with a 2270P 

pickup truck. Following the successful redirection of the pickup truck, the safety performance of the system was determined 

to be acceptable according to the test designation no. 3-11 evaluation criteria specified in MASH 2016. The 1100C small car 

crash test was deemed unnecessary due to previous testing. The barrier successfully met MASH 2016 TL-3 criteria. This 

report is the fourth of nine documents in the nine-test series. 

17. Document Analysis/Descriptors 18. Availability Statement 

Highway Safety, Roadside Appurtenances, Crash Test, 

Compliance Test, MASH 2016, Longitudinal Barrier, Portable 

Concrete Barrier, PCB, Free-standing, Grout Wedges, Pinned, 

and Barrier Curb 

No restrictions. Document available from: National 

Technical Information Services, Springfield, Virginia 

22161 

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

Unclassified Unclassified 125  



December 12, 2018  

MwRSF Report No. TRP-03-371-18 

ii  

DISCLAIMER STATEMENT  

This report was completed with funding from the New Jersey Department of 

Transportation. The contents of this report reflect the views and opinions of the authors who are 

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

necessarily reflect the official views or policies of the New Jersey Department of Transportation 

nor the Federal Highway Administration, U.S. Department of Transportation. This report does not 

constitute a standard, specification, regulation, product endorsement, or an endorsement of 

manufacturers. 

UNCERTAINTY OF MEASUREMENT STATEMENT  

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

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

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

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

Administration.  

INDEPENDENT APPROVING AUTHORITY  

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

Schmidt, Research Assistant Professor. 



December 12, 2018  

MwRSF Report No. TRP-03-371-18 

iii  

ACKNO WLEDGEMENTS  

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

(1) New Jersey Department of Transportation for sponsoring this project and (2) MwRSF 

personnel for constructing the barrier and conducting the crash test.  

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

the completion of this research project. 

Midwest Roadside Safety Facility 
 

J.C. Holloway, M.S.C.E., E.I.T., Assistant Director ï Physical Testing Division 

J.D. Schmidt, Ph.D., P.E., Research Assistant Professor 

C.S. Stolle, Ph.D., Research Assistant Professor 

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

M. Asadollahi Pajouh, Ph.D., former Post-Doctoral Research Associate 

S.A. Ranjha, Ph.D., former Post-Doctoral Research Associate 

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

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

S.M. Tighe, Construction and Testing Technician I 

D.S. Charroin, Construction and Testing Technician I 

M.A. Rasmussen, Construction and Testing Technician I 

M.T. Ramel, B.S.C.M., former Construction and Testing Technician I 

R.M. Novak, Construction and Testing Technician I 

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

Undergraduate and Graduate Research Assistants 

 

New Jersey Department of Transportation 

 

Dave Bizuga, former Senior Executive Manager, Roadway Design Group 1 

Giri Venkiteela, Research Project Manager, NJDOT Bureau of Research 

Hung Tang, Design Standards Bureau, Roadway Standards Unit 

Lee Steiner, Project Engineer, Bureau of Traffic Engineering 

 



December 12, 2018  

MwRSF Report No. TRP-03-371-18 

iv 

TABLE OF CONTENTS  

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

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

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

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

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

TABLE OF CONTENTS ............................................................................................................... iv 

LIST OF FIGURES ....................................................................................................................... vi 

LIST OF TABLES ......................................................................................................................... ix 

1 INTRODUCTION ....................................................................................................................... 1 
1.1 Background ................................................................................................................... 1 
1.2 Objective ....................................................................................................................... 2 

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

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

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

2.2 Evaluation Criteria ........................................................................................................ 4 

3 DESIGN DETAILS ..................................................................................................................... 6 

4 TEST CONDITIONS................................................................................................................. 24 

4.1 Test Facility ................................................................................................................ 24 
4.2 Vehicle Tow and Guidance System ............................................................................ 24 
4.3 Test Vehicle ................................................................................................................ 24 

4.4 Simulated Occupant .................................................................................................... 29 
4.5 Data Acquisition Systems ........................................................................................... 29 

4.5.1 Accelerometers ............................................................................................ 29 
4.5.2 Rate Transducers .......................................................................................... 29 
4.5.3 Retroreflective Optic Speed Trap ................................................................ 29 

4.5.4 Digital Photography ..................................................................................... 30 

5 FULL-SCALE CRASH TEST NO. NJPCB-4........................................................................... 32 
5.1 Weather Conditions .................................................................................................... 32 
5.2 Test Description .......................................................................................................... 32 

5.3 Barrier Damage ........................................................................................................... 34 
5.4 Vehicle Damage .......................................................................................................... 35 
5.5 Occupant Risk ............................................................................................................. 36 
5.6 Discussion ................................................................................................................... 37 

6 SUMMARY AND CONCLUSIONS ........................................................................................ 56 



December 12, 2018  

MwRSF Report No. TRP-03-371-18 

v 

7 COMPARISON TO TEST NO. NYTCB-2 ............................................................................... 58 

8 MASH IMPLEMENTATION ................................................................................................... 61 

9 REFERENCES .......................................................................................................................... 63 

10 APPENDICES ......................................................................................................................... 65 
Appendix A. NJDOT PCB Standard Plans .................................................................... 66 
Appendix B. Material Specifications ............................................................................. 72 
Appendix C. Concrete Tarmac Strength ........................................................................ 96 
Appendix D. Vehicle Center of Gravity Determination ................................................ 99 

Appendix E. Vehicle Deformation Records ................................................................. 101 

Appendix F. Accelerometer and Rate Transducer Data Plots, Test No. NJPCB-4...... 108 
 

 



December 12, 2018  

MwRSF Report No. TRP-03-371-18 

vi 

LIST OF FIGURES 

Figure 1. Test Installation Layout, Test No. NJPCB-4 ....................................................................7 
Figure 2. PCB Pin Anchor Details, Test No. NJPCB-4 ...................................................................8 

Figure 3. PCB Pin Anchor Recess Locations, Test No. NJPCB-4 ..................................................9 
Figure 4. PCB Details, Test No. NJPCB-4 ....................................................................................10 
Figure 5. PCB Reinforcement Details, Test No. NJPCB-4 ...........................................................11 
Figure 6. PCB Reinforcement Details ï End View, Test No. NJPCB-4 .......................................12 
Figure 7. Connection Key Assembly Details, Test No. NJPCB-4.................................................13 

Figure 8. Connection Key Component Details, Test No. NJPCB-4 ..............................................14 
Figure 9. PCB Connection Socket Details, Test No. NJPCB-4 .....................................................15 
Figure 10. PCB Connection Socket Component Details, Test No. NJPCB-4 ...............................16 

Figure 11. Connection Key Placement Details, Test No. NJPCB-4 ..............................................17 
Figure 12. PCB Reinforcement Details, Test No. NJPCB-4 .........................................................18 
Figure 13. General Notes, Test No. NJPCB-4 ...............................................................................19 

Figure 14. Bill of Materials, Test No. NJPCB-4............................................................................20 
Figure 15. NJDOT PCB with Free-Standing Configuration and Grouted Toes Test 

Installation, Test No. NJPCB-4 .........................................................................................21 

Figure 16. PCB Connection Key, Connection Socket, and Grout at Toes Between Barriers, 

Test No. NJPCB-4 .............................................................................................................22 

Figure 17. PCB Pin Anchor Recesses ï Barrier Nos. 1 and 10, Test No. NJPCB-4 .....................23 
Figure 18. Test Vehicle, Test No. NJPCB-4 ..................................................................................25 
Figure 19. Test Vehicleôs Interior Floorboards, Test No. NJPCB-4 .............................................26 

Figure 20. Vehicle Dimensions, Test No. NJPCB-4 .....................................................................27 

Figure 21. Target Geometry, Test No. NJPCB-4...........................................................................28 
Figure 22. Camera Locations, Speeds, and Lens Settings, Test No. NJPCB-4 .............................31 
Figure 23. Permanent Set Deflection, Dynamic Deflection, and Working Width, Test No. 

NJPCB-4 ............................................................................................................................35 
Figure 24. Summary of Test Results and Sequential Photographs, Test No. NJPCB-4 ................38 

Figure 25. Additional Sequential Photographs, Test No. NJPCB-4 ..............................................39 
Figure 26. Additional Sequential Photographs, Test No. NJPCB-4 ..............................................40 
Figure 27. Documentary Photographs, Test No. NJPCB-4 ...........................................................41 

Figure 28. Impact Location, Test No. NJPCB-4 ............................................................................42 
Figure 29. Vehicle Final Position and Trajectory Marks, Test No. NJPCB-4...............................43 

Figure 30. System Damage ï Front, Back, Upstream, and Downstream End, Test No. 

NJPCB-4 ............................................................................................................................44 

Figure 31. Barrier Nos. 2 and 3 ï Traffic and Back Side Damage, Test No. NJPCB-4 ................45 
Figure 32. Barrier Nos. 4 and 5 Damage, Test No. NJPCB-4 .......................................................46 
Figure 33. Barrier No. 4 ï Traffic and Back Side Damage, Test No. NJPCB-4 ...........................47 
Figure 34. Barrier No. 5 ï Traffic and Back Side Damage, Test No. NJPCB-4 ...........................48 
Figure 35. Barrier No. 6 - Traffic and Back Side Damage, Test No. NJPCB-4 ............................49 

Figure 36. Barrier Nos. 7 and 8 ï Back Side Damage, Test No. NJPCB-4 ...................................50 
Figure 37. Vehicle Damage, Test No. NJPCB-4 ...........................................................................51 
Figure 38. Vehicle Damage, Test No. NJPCB-4 ...........................................................................52 
Figure 39. Vehicle Windshield, Quarter Panel, and Tailgate Damage, Test No. NJPCB-4 ..........53 
Figure 40. Occupant Compartment Deformation, Test No. NJPCB-4 ..........................................54 
Figure 41. Undercarriage Damage, Test No. NJPCB-4 .................................................................55 



December 12, 2018  

MwRSF Report No. TRP-03-371-18 

vii  

Figure 42. Deflection Comparisons ï Test Nos. NJPCB-3, NJPCB-4, and NYTCB-2 ................60 
Figure A-1. NJDOT PCB Standard Plans ......................................................................................67 
Figure A-2. NJDOT PCB Standard Plans ......................................................................................68 

Figure A-3. NJDOT PCB Standard Plans ......................................................................................69 
Figure A-4. NJDOT PCB Standard Plans ......................................................................................70 
Figure A-5. NJDOT PCB Standard Plans ......................................................................................71 
Figure B-2. Concrete Barrier Segment ï Concrete Strength, Test No. NJPCB-4 .........................74 
Figure B-3. Anchor Pins Material Certificate, Test No. NJPCB-4 ................................................75 

Figure B-4. Rebar No. 4 Material Certificate, Test No. NJPCB-4 ................................................76 
Figure B-5. Rebar No. 4 Material Certificate, Test No. NJPCB-4 ................................................77 
Figure B-6. Rebar No. 4 Material Certificate, Test No. NJPCB-4 ................................................78 
Figure B-7. Rebar No. 4 Material Certificate, Test No. NJPCB-4 ................................................79 

Figure B-8. Rebar No. 4 Material Certificate, Test No. NJPCB-4 ................................................80 
Figure B-9. Rebar No. 4 Material Certificate, Test No. NJPCB-4 ................................................81 
Figure B-10. Rebar No. 6 Material Certificate, Test No. NJPCB-4 ..............................................82 

Figure B-11. Rebar No. 6 Material Certificate, Test No. NJPCB-4 ..............................................83 
Figure B-12. Steel Tube Material Certificate, Test No. NJPCB-4 ................................................84 

Figure B-13. Steel Tube Material Certificate, Test No. NJPCB-4 ................................................85 
Figure B-14. Steel Tube Material Certificate, Test No. NJPCB-4 ................................................86 

Figure B-15. Steel Tube Material Test Certificate, Test No. NJPCB-4 ........................................87 
Figure B-16. Steel Tube Material Certificate, Test No. NJPCB-4 ................................................88 
Figure B-17. Steel Tube Material Certificate, Test No. NJPCB-4 ................................................89 

Figure B-18. 2-in. × ¼-in. (51-mm × 6-mm) Bent Steel Plate, Test No. NJPCB-4 ......................90 
Figure B-19. ½-in. (13-mm) Thick Steel Plate Material Certificate ..............................................91 

Figure B-20. ½-in. (13-mm) Thick Steel Plate Material Certificate, Test No. NJPCB-4 ..............92 
Figure B-21. Non-Shrink Grout Specifications, Test No. NJPCB-4 .............................................93 

Figure B-22. Non-Shrink Grout Specifications, Test No. NJPCB-4 .............................................94 
Figure B-23. Non-shrink Grout Compressive Test Certificate, Test No. NJPCB-4 ......................95 

Figure C-1. Concrete Tarmac Strength Test, Test No. NJPCB-4 ..................................................97 
Figure C-2. Concrete Tarmac Strength Test, Test No. NJPCB-4 ..................................................98 
Figure D-1. Vehicle Mass Distribution, Test No. NJPCB-4........................................................100 

Figure E-1. Floor Pan Deformation Data ï Set 1, Test No. NJPCB-4 ........................................102 
Figure E-2. Floor Pan Deformation Data ï Set 2, Test No. NJPCB-4 ........................................103 

Figure E-3. Occupant Compartment Deformation Data ï Set 1, Test No. NJPCB-4 ..................104 
Figure E-4. Occupant Compartment Deformation Data ï Set 2, Test No. NJPCB-4 ..................105 
Figure E-5. Exterior Vehicle Crush (NASS) - Front, Test No. NJPCB-4 ...................................106 

Figure E-6. Exterior Vehicle Crush (NASS) - Side, Test No. NJPCB-4 .....................................107 
Figure F-1. 10-ms Average Longitudinal Deceleration (SLICE-1), Test No. NJPCB-4 .............109 
Figure F-2. Longitudinal Occupant Impact Velocity (SLICE-1), Test No. NJPCB-4 ................110 
Figure F-3. Longitudinal Occupant Displacement (SLICE-1), Test No. NJPCB-4 ....................111 

Figure F-4. 10-ms Average Lateral Deceleration (SLICE-1), Test No. NJPCB-4 ......................112 
Figure F-5. Lateral Occupant Impact Velocity (SLICE-1), Test No. NJPCB-4 ..........................113 
Figure F-6. Lateral Occupant Displacement (SLICE-1), Test No. NJPCB-4 ..............................114 
Figure F-7. Vehicle Angular Displacements (SLICE-1), Test No. NJPCB-4 .............................115 
Figure F-8. Acceleration Severity Index (SLICE-1), Test No. NJPCB-4 ...................................116 
Figure F-9. 10-ms Average Longitudinal Deceleration (SLICE-2), Test No. NJPCB-4 .............117 
Figure F-10. Longitudinal Occupant Impact Velocity (SLICE-2), Test No. NJPCB-4 ..............118 



December 12, 2018  

MwRSF Report No. TRP-03-371-18 

viii  

Figure F-11. Longitudinal Occupant Displacement (SLICE-2), Test No. NJPCB-4 ..................119 
Figure F-12. 10-ms Average Lateral Deceleration (SLICE-2), Test No. NJPCB-4 ....................120 
Figure F-13. Lateral Occupant Impact Velocity (SLICE-2), Test No. NJPCB-4 ........................121 

Figure F-14. Lateral Occupant Displacement (SLICE-2), Test No. NJPCB-4 ............................122 
Figure F-15. Vehicle Angular Displacements (SLICE-2), Test No. NJPCB-4 ...........................123 
Figure F-16. Acceleration Severity Index (SLICE-2), Test No. NJPCB-4 .................................124 



December 12, 2018  

MwRSF Report No. TRP-03-371-18 

ix 

LIST OF TABLES  

Table 1. 2013 NJDOT Roadway Design Manual PCB Guidance [1]..............................................1 
Table 2. Current 2015 NJDOT Roadway Design Manual PCB Guidance [2] ................................1 

Table 3. MASH 2016 TL-3 Crash Test Conditions for Longitudinal Barriers ................................3 
Table 4. MASH 2016 Evaluation Criteria for Longitudinal Barrier ................................................5 
Table 5. Weather Conditions, Test No. NJPCB-4 .........................................................................32 
Table 6. Sequential Description of Impact Events, Test No. NJPCB-4 ........................................32 
Table 7. Maximum Occupant Compartment Deformations by Location ......................................36 

Table 8. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. NJPCB-4 ..................37 
Table 9. Summary of Safety Performance Evaluation ...................................................................57 
Table 10. Comparison of Free-Standing Systems..........................................................................59 

Table B-1. Bill of Materials, Test No. NJPCB-4 ...........................................................................73 
 

 



December 12, 2018  

MwRSF Report No. TRP-03-371-18 

1 

1 INTRODUCTION  

1.1 Background 

The New Jersey Department of Transportation (NJDOT) currently uses a New Jersey 

shape, Precast Concrete Curb, Concrete Barrier, which will be referred to as portable concrete 

barrier (PCB), with a vertical, I-beam connection pin to attach barriers end to end within their work 

zones and construction areas. The 2013 NJDOT Roadway Design Manual [1] provided guidance 

on allowable barrier deflections for various classes of PCB joint treatments, as shown in Table 1. 

The current 2015 NJDOT Roadway Design Manual [2] provides guidance on allowable deflections 

for various connection types, as shown in Table 2. 

Table 1. 2013 NJDOT Roadway Design Manual PCB Guidance [1] 

Joint Class Use Joint Treatment 

A 
Allowable movement over 

16 to 24 inches 
Connection Key only 

B 
Allowable movement over 

11 to 16 inches 
Connection Key and grout in every joint 

C 
Allowable movement of  

11 inches 

Connection Key and grout in every joint and pin 

every other unit. In units to be anchored, pin 

should be required in every recess 

D 
No allowable movement 

(i.e., bridge parapet) 

Connection Key and grout in every joint and bolt 

every anchor pocket hole in every unit 

Table 2. Current 2015 NJDOT Roadway Design Manual PCB Guidance [2] 

Connection 

Type 
Use Joint Treatment*  

A 
Maximum allowable deflection of 

41 inches 

Connection Key and barrier end sections 

fully pinned 

B 

Maximum allowable deflection of 

28 inches (Cannot be used with 

traffic on both sides of the barrier.) 

Connection Key, 6ò by 6ò box beam, and 

barrier end sections fully pinned 

C 
Maximum allowable deflection of 

11 inches 

Connection Key, construction side of all 

sections pinned, and barrier end sections 

fully pinned 
* Barrier end sections fully pinned ï first and last barrier segments of the entire run regardless of connection type have 

pins in every anchor recess on both sides. 

The guidance provided in both the 2013 and 2015 Roadway Design Manual was based on 

test data obtained from previous testing standards, which needs to be updated to be consistent with 

current crash testing standards and a changing vehicle fleet. Crash testing of other PCB systems 

under the Test Level 3 (TL-3) criteria of the Manual for Assessing Safety Hardware, Second 

Edition (MASH 2016) [3] has indicated that dynamic barrier deflections can increase significantly 

when compared to dynamic deflections based on older crash test data. Thus, a need exists to 
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investigate the performance of the NJDOT PCB system in various configurations in order to 

provide updated design guidance. The NJDOT PCB standard plans are shown in Appendix A. 

1.2 Objective 

The objective of this research effort was to evaluate the safety performance of NJDOTôs 

PCB, Type 4 (Alternative B) system with a free-standing configuration and grouted toes, 

corresponding to joint class B in the 2013 NJDOT Roadway Design Manual [1]. The system was 

to be evaluated according to the Test Level 3 (TL-3) criteria of the Manual for Assessing Safety 

Hardware, Second Edition (MASH 2016) [3]. 

1.3 Scope 

The research objective was achieved through completion of several tasks. One full -scale 

crash test was conducted on the PCB system according to MASH 2016 test designation no. 3-11. 

Next, the full-scale vehicle crash test results were analyzed, evaluated, and documented. 

Conclusions and recommendations were then made pertaining to the safety performance of the 

PCB system. 
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2 TEST REQUIREMENTS AND EVALUATION CRITERIA  

2.1 Test Requirements 

Longitudinal barriers, such as PCBs, must satisfy impact safety standards in order to be 

declared eligible for federal reimbursement by the Federal Highway Administration (FHWA) for 

use on the National Highway System (NHS). For new hardware, these safety standards consist of 

the guidelines and procedures published in MASH 2016 [3]. Note that there is no difference 

between MASH 2009 [4] and MASH 2016 for most longitudinal barriers, such as the PCB system 

tested in this project, except that additional occupant compartment deformation measurements are 

required by MASH 2016. According to TL-3 of MASH 2016, longitudinal barrier systems must 

be subjected to two full -scale vehicle crash tests, as summarized in Table 3. However, only the 

2270P crash test was deemed necessary as other prior small car tests were used to support a 

decision to deem the 1100C crash test not critical. 

Table 3. MASH 2016 TL-3 Crash Test Conditions for Longitudinal Barriers 

Test 

Article 

Test 

Designation 

No. 

Test 

Vehicle 

Vehicle 

Weight, 

lb 

(kg) 

Impact Conditions 

Evaluation 

Criteria 1 
Speed, 

mph 

(km/h) 

Angle, 

deg. 

Longitudinal 

Barrier 

3-10 1100C 
2,420 

(1,100) 

62 

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

3-11 2270P 
5,000 

(2,268) 

62 

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

1 Evaluation criteria explained in Table 4. 

 

In test no. 7069-3, a rigid, F-shape, concrete bridge rail was successfully impacted by a 

small car weighing 1,800 lb (816 kg) at 60.1 mph (96.7 km/h) and 21.4 degrees according to the 

American Association of State Highway and Transportation Officials (AASHTO) Guide 

Specifications for Bridge Railings [5-6]. In the same manner, test nos. CMB-5 through CMB-10, 

CMB-13, and 4798-1 showed that rigid, New Jersey, concrete safety shape barriers struck by small 

cars have been shown to meet safety performance standards [7-8]. In addition, in test no. 2214NJ-1, 

a rigid, New Jersey, ½-section, concrete safety shape barrier was impacted by a passenger car 

weighing 2,579 lb (1,170 kg) at 60.8 mph (97.8 km/h) and 26.1 degrees according to the TL-3 

standards set forth in MASH 2009 [9]. Furthermore, temporary, New Jersey safety shape, concrete 

median barriers have experienced only slight barrier deflections when impacted by small cars and 

behave similarly to rigid barriers as seen in test no. 47 [10]. As such, the 1100C passenger car test 

was deemed not critical for testing and evaluating this PCB system. 

It should be noted that the test matrix detailed herein represents the researchersô best 

engineering judgement with respect to the MASH 2016 safety requirements and their internal 

evaluation of critical tests necessary to evaluate the crashworthiness of the barrier system. 

However, the recent switch to new vehicle types as part of the implementation of the MASH 2016 

criteria and the lack of experience and knowledge regarding the performance of the new vehicle 

types with certain types of hardware could result in unanticipated barrier performance. Thus, any 
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tests within the evaluation matrix deemed non-critical may eventually need to be evaluated based 

on additional knowledge gained over time or revisions to the MASH 2016 criteria.  

2.2 Evaluation Criteria  

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

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

structural adequacy are intended to evaluate the ability of the PCB system to contain and redirect 

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

Occupant risk evaluates the degree of hazard to occupants in the impacting vehicle. Post-impact 

vehicle trajectory is a measure of the potential of the vehicle to result in a secondary collision with 

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

impacting vehicle and/or other vehicles. These evaluation criteria are summarized in Table 4 and 

defined in greater detail in MASH 2016. The full-scale vehicle crash test documented herein was 

conducted and reported in accordance with the procedures provided in MASH 2016. 

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

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

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

MASH 2016. 
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Table 4. MASH 2016 Evaluation Criteria for Longitudinal Barrier 

Structural 

Adequacy 

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

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

override the installation although controlled lateral deflection of the 

test article is acceptable. 

Occupant 

Risk 

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

should not penetrate or show potential for penetrating the occupant 

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

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

occupant compartment should not exceed limits set forth in Section 

5.2.2 and Appendix E of MASH 2016. 

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

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

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

MASH 2016 for calculation procedure) should satisfy the following 

limits: 

 Occupant Impact Velocity Limits 

Component Preferred Maximum 

Longitudinal and Lateral 
30 ft/s 

(9.1 m/s) 

40 ft/s 

(12.2 m/s) 

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

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

satisfy the following limits: 

 Occupant Ridedown Acceleration Limits  

Component Preferred Maximum 

Longitudinal and Lateral 15.0 gôs 20.49 gôs 
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3 DESIGN DETAILS  

The test installation consisted of ten 20-ft (6.1-m) long NJDOT PCBs with a free-standing 

configuration and grouted toes, as shown in Figures 1 through 14. This system uses NJDOT 

barriers, Type 4 (Alternative B) with joint class B, as specified in the 2013 NJDOT Roadway 

Design Manual. Photographs of the test installation are shown in Figures 15 through 17. Material 

specifications, mill certifications, and certificates of conformity for the system materials are shown 

in Appendix B. 

The concrete mix for the barrier sections required a minimum 28-day compressive strength 

of 3,700 psi (25.5 MPa). A minimum concrete cover of 1½ in. (38 mm) was used along all rebar 

in the barrier. All of the steel reinforcement in the barrier was ASTM A615 Grade 60 rebar and 

consisted of four No. 6 longitudinal bars, eight No. 4 bars for the vertical stirrups, four No. 6 lateral 

bars, and nine No. 4 bars for the anchor hole reinforcement loops. The section reinforcement details 

are shown in Figures 5 and 6. 

The barrier sections used a connection key, as shown in Figures 7 through 11, and 16. The 

connection key assembly consisted of ½-in. (13-mm) thick ASTM A36 steel plates welded 

together to form the key shape. A connection socket was configured at each end of the barrier 

section, as shown in Figures 2, 16, and 17. The connection socket consisted of three ASTM A36 

steel plates welded on the sides of ASTM A500 Grade B or C steel tube, as shown in Figures 9 

and 10. The connection key was inserted into the steel tubes of two adjoining PCBs to form the 

connection, as shown in Figure 10.  

Barrier nos. 1 and 10 were anchored to the concrete tarmac through the pin anchor recesses 

with nine 1-in. (25-mm) diameter by 15-in. (381-mm) long, ASTM A36 steel pins inserted into 

1¼-in. (32-mm) diameter drilled holes in the concrete tarmac, as shown in Figures 1 and 17. The 

steel pins were embedded to a depth of 5 in. (127 mm), as shown in Figure 1. During installation, 

the barrier segments were pulled in a direction parallel to their longitudinal axes, and slack was 

removed from all joints. After slack was removed from all the joints, 1¼-in. (32-mm) diameter 

holes were drilled for pin anchors at pin recess locations. Five samples of concrete tarmac were 

tested from five different locations of MwRSFôs Outdoor Test Site. The concrete tarmac had a 

compressive strength between 5,970 and 7,040 psi (41.2 and 48.5 MPa), as shown in Appendix C. 

Non-shrink grout wedges were placed at the toe of each barrier segment in every joint between 

adjacent barrier segments on both traffic and back sides, as shown in Figures 1, 2, and 16. The 

grout wedges consisted of a grout mix with a minimum 1-day compressive strength of 1,000 psi 

(6.9 MPa). 
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Figure 1. Test Installation Layout, Test No. NJPCB-4 
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Figure 2. PCB Pin Anchor Details, Test No. NJPCB-4 
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Figure 3. PCB Pin Anchor Recess Locations, Test No. NJPCB-4 
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Figure 4. PCB Details, Test No. NJPCB-4 
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Figure 5. PCB Reinforcement Details, Test No. NJPCB-4 
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Figure 6. PCB Reinforcement Details ï End View, Test No. NJPCB-4 
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Figure 7. Connection Key Assembly Details, Test No. NJPCB-4 
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Figure 8. Connection Key Component Details, Test No. NJPCB-4 
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Figure 9. PCB Connection Socket Details, Test No. NJPCB-4 
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Figure 10. PCB Connection Socket Component Details, Test No. NJPCB-4 
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Figure 11. Connection Key Placement Details, Test No. NJPCB-4 
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Figure 12. PCB Reinforcement Details, Test No. NJPCB-4 
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Figure 13. General Notes, Test No. NJPCB-4 
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Figure 14. Bill of Materials, Test No. NJPCB-4 
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Figure 15. NJDOT PCB with Free-Standing Configuration and Grouted Toes Test Installation, 

Test No. NJPCB-4 
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Figure 16. PCB Connection Key, Connection Socket, and Grout at Toes Between Barriers, Test 

No. NJPCB-4 
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Figure 17. PCB Pin Anchor Recesses ï Barrier Nos. 1 and 10, Test No. NJPCB-4 
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4 TEST CONDITIONS 

4.1 Test Facility 

The Outdoor Test Site is located at the Lincoln Air Park on the northwest side of the 

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

Nebraska-Lincoln. 

4.2 Vehicle Tow and Guidance System 

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

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

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

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

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

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

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

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

stanchions. The hinged stanchions stood upright while holding up the guide cable, but as the 

vehicle was towed down the line, the guide flag struck and knocked each stanchion to the ground. 

4.3 Test Vehicle 

For test no. NJPCB-4, a 2011 Dodge Ram 1500 quad cab pickup truck was used as the test 

vehicle. The curb, test inertial, and gross static vehicle weights were 5,029 lb (2,281 kg), 5,000 lb 

(2,268 kg), and 5,156 lb (2,339 kg), respectively. The test vehicle is shown in Figures 18 and 19, 

and vehicle dimensions are shown in Figure 20. Note that pre-test photographs of the vehicleôs 

undercarriage are not available. 

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

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

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

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

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

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

condition. The location of the final c.g. is shown in Figures 20 and 21. Data used to calculate the 

location of the c.g. and ballast information are shown in Appendix D. 

Square, black- and white-checkered targets were placed on the vehicle for reference to be 

viewed from the high-speed digital video cameras and aid in the video analysis, as shown in Figure 

21. Round, checkered targets were placed on the c.g. on the left-side door, the right-side door, and 

the roof of the vehicle. 

The front wheels of the test vehicle were aligned to vehicle standards except the toe-in 

value was adjusted to zero such that the vehicle would track properly along the guide cable. A 5B 

flash bulb was mounted under the vehicleôs left-side windshield wiper and was fired by a pressure 

tape switch mounted at the impact corner of the bumper. The flash bulb was fired upon initial 
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impact with the test article to create a visual indicator of the precise time of impact on the high-

speed digital videos. A remote-controlled brake system was installed in the test vehicle so the 

vehicle could be brought safely to a stop after the test. 

 

 

 

Figure 18. Test Vehicle, Test No. NJPCB-4 
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Figure 19. Test Vehicleôs Interior Floorboards, Test No. NJPCB-4 
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Figure 20. Vehicle Dimensions, Test No. NJPCB-4 

 

Date: Test Name: VIN No:

Year: Make: Model:

Tire Size: Tire Inflation Pressure: Odometer:

Vehicle Geometry - in. (mm)
Target Ranges listed below

a: 76 1/2 (1943) b: 74 5/8 (1895)

c: 230 3/4 (5861) d: 49 3/8 (1254)

e: 140 1/2 (3569) f: 40 7/8 (1038)

g: 28 3/16 (716) h: 61 11/16 (1567)

i: 11 5/8 (295) j: 26 (660)

k: 21 (533) l: 30 (762)

m: 67 3/4 (1721) n: 67 3/4 (1721)

o: 44 1/2 (1130) p: 5 1/2 (140)

q: 31 1/2 (800) r: 18 1/2 (470)

s: 14 (356) t: 75 1/2 (1918)

Mass Distribution   lb  (kg) 15 (381)

Gross Static LF 1473 (668) RF 1428 (648) 15 3/8 (391)

LR 1160 (526) RR 1095 (497) 35 1/8 (892)

38 (965)

Weights 

lb (kg) 18 1/8 (460)

W-front 2853 (1294) 2805 (1272) 2901 (1316) 25 1/4 (641)

W-rear 2176 (987) 2195 (996) 2255 (1023) Engine Type:

W-total 5029 (2281) 5000 (2268) 5156 (2339) Engine Size:

Transmission Type:

Drive Type:

Front Type: Cab Style:

Rear Mass: Bed Length:

Total Seat Position:

43±4 (1100±75)

148±12 (3760±300)

min: 28 (710)

175692

5000±110 (2270±50) 5165±110 (2343±50)

Test Inertial Gross Static

63±4 (1575±100)

39±3 (1000±75)

67±1.5 (1700±38) 67±1.5 (1700±38)

Automatic

Curb

gasoline

4.7L V8

Wheel Center

 Height (Front):

Wheel Center 

Height (Rear):

Wheel Well 

Clearance (Front):

Wheel Well 

Clearance (Rear):

Bottom Frame 

Height (Front):

Bottom Frame 

Height (Rear):

NJPCB-4

40 Psi

78±2 (1950±50)

237±13 (6020±325)

2011

11/9/2016

Dodge

P265/70R17

1D7R1GP1BS554669

Ram 1500

Quad Cab

76"

minor dents and scratches, tail gate cap missing.Note any damage prior to test:

RWDGVWR Ratings lb

3700

3900

Driver6700

Dummy Data

Hybrid II

156 lb
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Figure 21. Target Geometry, Test No. NJPCB-4 

Date: 11/9/2016 Test Name: NJPCB-4 VIN:

Year: 2011 Make: Dodge Model:

(1994)

(997)39 1/4

(883)34 3/4

63 1/2

41 7/8

(714)

65 1/4

L:

M:(1568) (1657)

(1064)

78 1/2

1D7R1GP1BS554669

Ram 1500

73 1/8

27

(1857)

28 1/8(1613)

J:

K:

E:

F:

TARGET GEOMETRY-- in. (mm)

(686)

(1613)63 1/2A:

I:

G:

H: 61 3/4

B:

84 1/4 (2140)

44 (1118)

C:

D:
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4.4 Simulated Occupant 

For test no. NJPCB-4, A Hybrid II 50th-Percentile, Adult Male Dummy, equipped with 

clothing and footwear, was placed in the left-front seat of the test vehicle with the seat belt 

fastened. The dummy, which had a final weight of 156 lb (71 kg), was represented by model no. 

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

recommended by MASH 2016, the dummy was not included in calculating the c.g. location. 

4.5 Data Acquisition Systems 

4.5.1 Accelerometers 

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

accelerations in the longitudinal, lateral, and vertical directions. Both accelerometers were 

mounted near the c.g. of the test vehicle. The electronic accelerometer data obtained in dynamic 

testing was filtered using the SAE Class 60 and the SAE Class 180 Butterworth filter conforming 

to the SAE J211/1 specifications [13]. 

The two systems, the SLICE-1 and SLICE-2 units, were modular data acquisition systems 

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

SLICE-2 unit was designated as the primary system. The acceleration sensors were mounted inside 

the bodies of custom-built, SLICE 6DX event data recorders and recorded data at 10,000 Hz to the 

onboard microprocessor. Each SLICE 6DX was configured with 7 GB of non-volatile flash 

memory, a range of Ñ500 gôs, a sample rate of 10,000 Hz, and a 1,650 Hz (CFC 1000) anti-aliasing 

filter. The ñSLICEWareò computer software programs and a customized Microsoft Excel 

worksheet were used to analyze and plot the accelerometer data.  

4.5.2 Rate Transducers 

 Two identical angular rate sensor systems, which were mounted inside the bodies of the 

SLICE-1 and SLICE-2 event data recorders, measured the rates of rotation of the test vehicle. Each 

SLICE MICRO Triax ARS had a range of 1,500 degrees/sec in each of the three directions (roll, 

pitch, and yaw) and recorded data at 10,000 Hz to the onboard microprocessors. The raw data 

measurements were then downloaded, converted to the proper Euler angles for analysis, and 

plotted. The ñSLICEWareò computer software program and a customized Microsoft Excel 

worksheet were used to analyze and plot the angular rate sensor data.  

4.5.3 Retroreflective Optic Speed Trap 

The retroreflective optic speed trap was used to determine the speed of the test vehicle 

before impact. Five retroreflective targets, spaced at approximately 18-in. (457-mm) intervals, 

were applied to the side of the vehicle. When the emitted beam of light was reflected by the targets 

and returned to the Emitter/Receiver, a signal was sent to the data acquisition computer, recording 

at 10,000 Hz, as well as the external LED box activating the LED flashes. The speed was then 

calculated using the spacing between the retroreflective targets and the time between the signals. 

LED lights and high-speed digital video analysis are only used as a backup in the event that vehicle 

speeds cannot be determined from the electronic data. 
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4.5.4 Digital Photography 

Five AOS high-speed digital video cameras, eight GoPro digital video cameras, and four 

JVC digital video cameras were utilized to film test no. NJPCB-4. Camera details, camera 

operating speeds, lens information, and a schematic of the camera locations relative to the system 

are shown in Figure 22. 

The high-speed digital videos were analyzed using ImageExpress MotionPlus and 

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

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

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

(frames/sec) 
Lens Lens Setting 

AOS-5 AOS X-PRI Gigabit 500 Telesar 135 mm Fixed - 

AOS-6 AOS X-PRI Gigabit 500 Sigma 28-70 DG 50 

AOS-7 AOS X-PRI Gigabit 500 Sigma 28-70 50 

AOS-8 AOS S-VIT 1531 500 Fujinon 35 mm Fixed - 

AOS-9 AOS TRI-VIT  2236 1000 KOWA 12 mm Fixed - 

GP-3 GoPro Hero 3+ 120   

GP-4 GoPro Hero 3+ 120   

GP-5 GoPro Hero 3+ 120   

GP-6 GoPro Hero 3+ 120   

GP-7 GoPro Hero 4 120   

GP-8 GoPro Hero 4 120   

GP-9 GoPro Hero 4 240   

GP-10 GoPro Hero 4 120   

JVC-1 JVC ï GZ-MC500 (Everio) 29.97   

JVC-2 JVC ï GZ-MG27u (Everio) 29.97   

JVC-3 JVC ï GZ-MG27u (Everio) 29.97   

JVC-4 JVC ï GZ-MG27u (Everio) 29.97   

Figure 22. Camera Locations, Speeds, and Lens Settings, Test No. NJPCB-4 
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5 FULL -SCALE CRASH TEST NO. NJPCB-4  

5.1 Weather Conditions 

Test no. NJPCB-4 was conducted on November 9, 2016 at approximately 2:15 p.m. The 

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

14939/LNK) were reported and are shown in Table 5. 

Table 5. Weather Conditions, Test No. NJPCB-4 

Temperature 60° F 

Humidity 41% 

Wind Speed 11 mph 

Wind Direction 230° from True North 

Sky Conditions Sunny 

Visibility  10 Statute Miles 

Pavement Surface Dry 

Previous 3-Day Precipitation  0.05 in. 

Previous 7-Day Precipitation  0.05 in. 

 

5.2 Test Description 

The 5,000-lb (2,268-kg) pickup truck impacted the NJDOT PCB, Type 4 (Alternative B) 

with a free-standing configuration and grouted toes, corresponding to joint class B in the 2013 

NJDOT Roadway Design Manual, at a speed of 62.8 mph (101.1 km/h) and at an angle of 24.5 

degrees. A sequential description of the impact events is contained in Table 6. A summary of the 

test results and sequential photographs are shown in Figure 24. Additional sequential photographs 

are shown in Figures 25 and 26. Documentary photographs of the crash test are shown in Figure 

27. 

Initial vehicle impact was to occur 4 ft ï 33/16 in. (1.3 m) upstream from the centerline of 

the joint between barrier nos. 4 and 5, as shown in Figure 28, which was selected using Table 2.7 

of MASH 2016. The actual point of impact was 511/16 in. (145 mm) downstream from the target 

location. The vehicle came to rest 187 ft ï 5 in. (57.1 m) downstream from impact point and 15 ft 

(4.6 m) laterally away from the traffic side of the system after brakes were applied. The vehicle 

trajectory and final position are shown in Figures 24 and 29. 

Table 6. Sequential Description of Impact Events, Test No. NJPCB-4 

TIME 

(sec) 
EVENT 

0.000 
Vehicleôs left-front tire impacted barrier no. 4 at 3 ft ï 9½ in. (1.2 m) upstream 

from centerline of joint between barrier nos. 4 and 5.  

0.002 Vehicleôs left-front bumper contacted barrier no. 4. 

0.004 Vehicleôs left-front bumper deformed. 

0.008 Vehicleôs left fender contacted barrier no. 4 and plastic fascia deformed. 
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0.010 Vehicleôs left headlight contacted downstream end of barrier no. 4. 

0.012 Vehicleôs left headlight and left fender deformed. 

0.020 Vehicleôs hood and grille deformed. 

0.024 Downstream end of barrier no. 4 deflected backward. 

0.030 Upstream end of barrier no. 5 deflected backward. 

0.034 Vehicle pitched upward and rolled away from system. 

0.039 Vehicle yawed away from system. 

0.042 Upstream end of barrier no. 4 cracked, and vehicleôs left-front airbag deployed. 

0.046 Vehicleôs right-front airbag deployed. 

0.058 Vehicleôs left-front door deformed. 

0.062 Vehicle rolled toward system. 

0.066 
Downstream end of barrier no. 5 cracked, and upstream end of barrier no. 4 

spalled. 

0.084 Downstream end of barrier no. 5 spalled. 

0.090 Vehicleôs right-front tire became airborne. 

0.160 Barrier no. 5 fractured between upstream end and midspan.  

0.189 
Barrier no. 5 deflected backward andupstream end of barrier no. 6 deflected 

backward. 

0.207 Vehicle was parallel to system at a speed of 52.8 mph (84.9 km/h). 

0.218 Vehicleôs left-front door contacted barrier no. 5. 

0.226 Vehicleôs left taillight contacted barrier no. 4. 

0.232 Vehicleôs left quarter panel deformed. 

0.234 Vehicle pitched downward. 

0.240 Vehicleôs left taillight deformed. 

0.248 Vehicleôs left-rear door contacted barrier no. 5. 

0.276 Vehicleôs left-rear tire became airborne. 

0.278 Vehicleôs right-rear tire became airborne. 

0.310 
Vehicle exited system at a speed of 51.3 mph (82.6 km/h) and angle of 8.4 

degrees. 

0.348 Downstream end of barrier no. 6 cracked. 

0.352 Downstream end of barrier no. 6 spalled. 

0.361 Downstream end of barrier no. 7 cracked. 

0.364 Upstream end of barrier no. 7 spalled. 

0.474 Vehicleôs left-front tire regained contact with ground. 

0.562 Vehicleôs bumper contacted ground. 

0.622 Vehicleôs right-front tire regained contact with ground and mud flap disengaged. 

0.638 Vehicleôs left headlight cover contacted ground. 

0.648 Vehicle pitched upward. 

0.876 System came to rest. 

0.920 Vehicleôs left-rear tire regained contact with ground. 

0.968 Vehicleôs right-rear tire regained contact with ground. 

1.008 Vehicle yawed toward system. 

1.066 Vehicle rolled toward system. 

1.094 Vehicle pitched downward. 
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5.3 Barrier Damage 

Damage to the barrier was moderate, as shown in Figures 30 through 36. Barrier damage 

consisted of contact marks on the front face of the PCB segments, spalling of the concrete, and 

concrete cracking. The length of vehicle contact along the barrier was approximately 25 ft (7.6 m), 

which spanned from 5 ft ï 9¼ in. (1.76 m) upstream from the centerline of the joint between barrier 

nos. 4 and 5 to 19 ft ï 2¾ in. (5.86 m) downstream from the centerline of the joint between barrier 

nos. 4 and 5. 

Tire marks and scrape marks were visible on the front face of barrier nos. 4 and 5 with 

additional scrape marks on the top faces of the barriers. Grout between barrier nos. 4 and 5 

crumbled. A 54½-in. (1,384-mm) long crack was found on the front face of barrier no. 3 that started 

at the upstream end toe. A vertical crack was found on the front, top, and back faces of barrier no. 

3, located 35¾ in. (908 mm) downstream from center. A 14-in. (356-mm) long vertical crack was 

found on the front face of barrier no. 3, 7 in. (178 mm) upstream from the downstream end of the 

barrier. A 19-in. long by 7½-in. wide (483-mm by 191-mm) scrape mark was found at the 

downstream end of the front face of barrier no. 4. Minor cracks were also found on the front and 

back faces of barrier nos. 3, 6, and 7. 

Concrete spalling occurred on the back face of barrier no. 2 at the downstream end. 

Concrete spalling also occurred on barrier nos. 3 through 8. A 19-in. × 3-in. × ½-in. (483-mm × 

76-mm × 13-mm) piece of concrete disengaged from barrier no. 3 at the lower-downstream corner 

on the back face. A 57-in. × 12-in. × 6½-in. (1,448-mm × 305-mm × 165-mm) piece of concrete 

was removed from the lower-downstream end of the front face of barrier no. 4. Concrete spalling, 

measuring 22 in. × 9 in. × 2½ in. (559 mm × 229 mm × 64 mm), occurred on the back face of 

barrier no. 4 at the downstream end. The front face of barrier no. 5 experienced 20½ in. × 10½ in. 

× 5 in. (521 mm × 267 mm × 127 mm) concrete spalling at the lower-upstream corner. Concrete 

spalling, measuring 26½ in. × 10 in. × 5¾ in. (673 mm × 254 mm × 146 mm), occurred on the 

back face of the downstream end of barrier no. 5. A 4-in. × 4½-in. (102-mm × 114-mm) piece of 

concrete disengaged from the lower-upstream edge of the back face of barrier no. 6. An 8-in × 4-

in. (203-mm × 102-mm) piece of concrete spalled from the back face of barrier no. 6 and was 

located approximately 46 in. (1,168 mm) downstream from the upstream edge. 

The maximum permanent set deflection of the barrier system was 38 in. (965 mm) at the 

upstream end of barrier no. 5, as measured in the field. The maximum lateral dynamic barrier 

deflection, including tipping of the barrier along the top surface, was 40.7 in. (1,034 mm) at the 

upstream end of barrier no. 5, as determined from high-speed digital video analysis. The working 

width of the system was found to be 64.7 in. (1,644 mm), also determined from high-speed digital 

video analysis. A schematic of the permanent set deflection, dynamic deflection, and working 

width is shown in Figure 23. In addition, NJDOT identifies the clear space behind the barrier, 

which is defined as the maximum deflection of the back of the barrier from its original position. 

For this test, the clear space behind the barrier was 40.7 in. (1,034 mm). 
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Figure 23. Permanent Set Deflection, Dynamic Deflection, and Working Width, Test No. 

NJPCB-4 

5.4 Vehicle Damage 

The damage to the vehicle was moderate, as shown in Figures 37 through 41. The 

maximum occupant compartment deformations are listed in Table 7 along with the deformation 

limits established in MASH 2016 for various areas of the occupant compartment. Note that none 

of the established MASH 2016 deformation limits were violated. Complete occupant compartment 

and vehicle deformations and the corresponding locations are provided in Appendix E. 

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

vehicle where the impact had occurred. The left side of the bumper was crushed inward and back. 

The left-front fender was deformed upward near the door panel and was dented and torn behind 

the left-front wheel. The left headlight was partially disengaged. The left corner of the front 

bumper was bent inward approximately 30 in. (762 mm) from the left side. The left-front corner 

of the frame rail buckled inward. The left side of the lower plastic fascia was partially disengaged. 

A 1-in (25-mm) gap occurred between the grille and the front bumper. A 2-in. (51-mm) gap was 

found between the hood and the left-front fender. The left-front tireôs steel rim was deformed and 

torn. Denting and scraping were observed on the entire left side. A 10-in. × 22-in. (254-mm × 559-

mm) dent was found at the middle of left-front door. A 2½-in. (64-mm) tear was found on the outer 

metal sheet of the left-front door. Dents and scraping were found on the left-side of the quarter 
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panel. The tailgate disengaged from its connections, but remained attached to left-upper 

connection point.  

The joint of the front sway bar disconnected from the end. The left-front lower control arm 

was dented ½ in. (13 mm). The left-front control arm deformed at the connection to the engine 

cross member. The steering rack fractured at the input shaft, and the left-front tie rod was bent. A 

10-in. (254-mm) diameter spider web crack was found in the lower-right corner of the windshield. 

The spider web crack extended 40 in. (1,016 mm) toward the lower-left corner of the windshield. 

The left-front and right-front airbags deployed. The roof and remaining window glass remained 

undamaged. 

Table 7. Maximum Occupant Compartment Deformations by Location 

LOCATION 

MAXIMUM  

DEFORMATION 

in. (mm) 

MASH 2016 ALLOWABLE  

DEFORMATION 

in. (mm) 

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

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

A-Pillar Ȫ (22) Ò 5  (127) 

A-Pillar (Lateral) ȧ (3) Ò 3  (76) 

B-Pillar ȩ (16) Ò 5  (127) 

B-Pillar (Lateral) Ȩ (10) Ò 3  (76) 

Side Front Panel (in Front of A-Pillar) ¼ (6) Ò 12  (305) 

Side Door (Above Seat) īȪ (ī22) Ò 9  (229) 

Side Door (Below Seat) Ȩ (10) Ò 12  (305) 

Roof īİ (ī13) Ò 4  (102) 

Windshield 0 (0) Ò 3  (76) 

Side Window 
Shattered due to contact 

with dummyôs head 

No shattering resulting from 

contact with structural member of 

test article 

Dash ¾  (19) N/A 

Note: Negative values denote outward deformation 

N/A ï Not applicable 

 

5.5 Occupant Risk 

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

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

in Table 8. Note that the OIVs and ORAs were within suggested limits, as provided in MASH 

2016. The calculated THIV, PHD, and ASI values are also shown in Table 8. The results of the 

occupant risk analysis, as determined from the accelerometer data, are summarized in Figure 24. 

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

Appendix F.  
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Table 8. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. NJPCB-4 

Evaluation Criteria  

Transducer 
MASH 2016 

Limits  SLICE-1 
SLICE-2 

(primary)  

OIV  

ft/s (m/s) 

Longitudinal -12.11 (-3.69) -12.10 (-3.68) ±40 (12.2) 

Lateral 16.07 (4.89) 18.66 (5.69) ±40 (12.2) 

ORA 

gôs 

Longitudinal -3.95  -3.95 ±20.49 

Lateral 13.09 12.09 ±20.49 

MAX.  

ANGULAR  

DISPL. 

deg. 

Roll -19.6 -16.2 ±75 

Pitch -13.1 -14.2 ±75 

Yaw -46.5 -47.4 not required 

THIV  

ft/s (m/s) 
18.54 (5.65) 22.41 (6.83) not required 

PHD 

gôs 
13.19 12.22 not required 

ASI 1.11 1.26 not required 

 

5.6 Discussion 

The analysis of the test results for test no. NJPCB-4 showed that the system adequately 

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

Detached elements, fragments, or other debris from the test article did not penetrate or show 

potential for penetrating the occupant compartment, or present an undue hazard to other traffic, 

pedestrians, or work-zone personnel. Deformations of, or intrusions into, the occupant 

compartment that could have caused serious injury did not occur.  The test vehicle did not penetrate 

nor ride over the barrier and remained upright during and after the collision. Vehicle roll, pitch, 

and yaw angular displacements, as shown in Appendix F, were deemed acceptable, because they 

did not adversely influence occupant risk nor cause rollover. After impact, the vehicle exited the 

barrier at an angle of 8.4 degrees, and its trajectory did not violate the bounds of the exit box. 

Therefore, test no. NJPCB-4 was determined to be acceptable according to the MASH 2016 safety 

performance criteria for test designation no. 3-11. 
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¶ Test Agency ............................................................................................................. MwRSF 

¶ Test Number ........................................................................................................... NJPCB-4 

¶ Date ....................................................................................................................... 11/9/2016 

¶ MASH 2016 Test Designation ....................................................................................... 3-11 

¶ Test Article.................... NJDOT PCB with Free-Standing and Grouted Toes Configuration 

¶ Total Length  ................................................................................................. 200 ft (61.0 m) 

¶ Key Component ï NJDOT PCB 

Length ........................................................................................................ 20 ft (6.1 m) 

Width ..................................................................................................... 24 in. (610 mm) 

Height .................................................................................................... 32 in. (813 mm) 

¶ Key Component ï Anchor Pins 

Pin Size ........................................................... 1-in. (25-mm) Diameter Unthreaded Rod 
Pin Material ......................................................................................... ASTM A36 Steel 

Pin Length ............................................................................................. 15 in. (381 mm) 

Embedment Depth ................................................................................... 5 in. (127 mm) 
Number of Pins per Barrier ........................................................................................... 9 

Pinned Barrier Nos. ........................................................................................... 1 and 10 

¶ Key Component ï Grout  

Specification ............................... Min. 1-day compressive strength 1,000 psi (6.9 MPa) 

Location ..................... Toes at joints between barrier nos. 1-10 on traffic and back sides 

¶ Type of Support Surface............................................................................. Concrete Tarmac 

¶ Vehicle Make /Model .................................... 2011 Dodge Ram 1500 quad cab pickup truck 

Curb .................................................................................................. 5,029 lb (2,281 kg) 

Test Inertial....................................................................................... 5,000 lb (2,268 kg) 

Gross Static....................................................................................... 5,156 lb (2,339 kg) 

¶ Impact Conditions 

Speed .......................................................................................... 62.8 mph (101.1 km/h) 
Angle ................................................................................................................. 24.5 deg 

Impact Location ........................................ 3 ft ï 9½ in. (1.2 m) upstream from joint 4-5 

¶ Impact Severity ......... 113.4 kip-ft (153.7 kJ) > 105.6 kip-ft (143.1 kJ) limit in MASH 2016 

¶ Exit Conditions 

Speed ............................................................................................ 51.3 mph (82.6 km/h) 
Angle  .................................................................................................................. 8.4 deg 

Exit Box Criterion ................................................................................................... Pass 

 

 

 
 

¶ Vehicle Stability ............................................................................................ Satisfactory 

¶ Test Article Damage .......................................................................................... Moderate 

¶ Vehicle Stopping Distance ......................................... 187 ft ï 5 in. (57.1 m) downstream 

15 ft (4.6 m) laterally in front 

¶ Vehicle Damage ................................................................................................. Moderate 

VDS [14]  ................................................................................................... 11-LFQ-4 
CDC [15] ................................................................................................ 11-LYEW-4 

Maximum Interior Deformation ........................................................... Ȫ in. (22 mm) 

¶ Maximum Test Article Deflections 

Permanent Set ................................................................................... 38 in. (965 mm) 

Dynamic ...................................................................................... 40.7 in. (1,034 mm) 
Working Width............................................................................ 64.7 in. (1,643 mm) 

¶ Transducer Data 

Evaluation Criteria 

Transducer 
MASH 2016 

Limit  SLICE-1 
SLICE-2 

(primary) 

OIV 

ft/s  
(m/s) 

Longitudinal -12.11  (-3.69) -12.10  (-3.68) ±40  (12.2) 

Lateral 16.07  (4.89) 18.66  (5.69) ±40  (12.2) 

ORA 

gôs 

Longitudinal -3.95 -3.95 ±20.49 

Lateral 13.09 12.09 ±20.49 

MAX 

ANGULAR 
DISP. 

deg. 

Roll -19.6 -16.2 ±75 

Pitch -13.1 -14.2 ±75 

Yaw -46.5 -47.4 Not required 

THIV ï ft/s (m/s) 18.54 (5.65) 22.41 (6.83) Not required 

PHD ï gôs 13.19 12.22 Not required 

ASI 1.11 1.26 Not required 

 

Figure 24. Summary of Test Results and Sequential Photographs, Test No. NJPCB-4 

0.000 sec 0.164 sec 0.207 sec 0.248 sec 0.364 sec 
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Figure 25. Additional Sequential Photographs, Test No. NJPCB-4 
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Figure 26. Additional Sequential Photographs, Test No. NJPCB-4 
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Figure 27. Documentary Photographs, Test No. NJPCB-4 
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Figure 28. Impact Location, Test No. NJPCB-4 
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Figure 29. Vehicle Final Position and Trajectory Marks, Test No. NJPCB-4 
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