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Rutland, VT 05701

Seth,

Please find attached formal submittal package for the braced traffic barrier for the Irasburg IM
Deck (46) project. The below summary of the submittal package identifies each document as it
relates to the proposed barrier (Fort Miller Co., Inc. is supplier) and meets criteria set forth for
this product:

e Page 4-5- VTrans Irasburg IM Deck (46) Plan Drawings, Sheet 17 of 49, Temporary
Barrier — Braced Sheet 1; See General Note No. 2:
“Temporary Traffic Barrier-Braced details as shown in these plans are in compliance
with the requirements per updated NCHRP report350 for test No. 3-11, TL-3 crash tested
by Midwest Roadside Safety: NY Box Beam Stiffening of unanchored TCB, March 2008.”

e Page 6-242 — Midwest Roadside Safety — Evaluation of Box Beam Stiffening of
Unanchored Temporary Concrete Barriers (Displays passing evaluation for above
compliance requirements.)

e Page 243-250 — Official FHWA Memorandum to NYSDOT approving/certifying NYS
TCB with Box Beam Stiffener meets NCHRP 350 requirements and approved for use.

e Page 251 — NYSDOT Engineering Bulletin issuing Standard Sheet 619-01-Temporary
Concrete Barrier and M619-72-Box Beam Stiffening of Temporary Concrete Barrier

e Page 252-254 — Official NYSDOT Standard 619-01 Issued for Box Beam Barrier System
e Page 255 - Fort Miller Traffic Barrier Design Drawing approved by NYDOT - See Note 8:

“All H-Key & Tube Details, Materials and Welding Requirements Shall Conform to
NYSDOT Standard Sheet 619-01.”
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Thank you,

Brad Drake
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Office 802-525-9506
Cell 802-323-6714
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DISCLAIMER STATEMENT
The contents of this report reflect the views of the authors who are responsible for the facts
and accuracy of the data presented herein. The contents do not necessarily reflect the official views
nor policies of the New York State Department of Transportation, the United States Department of
Transportation, nor the Federal Highway Administration. This report does not constitute a standard,

specification, regulation, product endorsement, nor an endorsement of manufacturers.

11



ACKNOWLEDGMENTS
The authors wish to acknowledge several sources that made a contribution to this project:
(1) the New York State Department of Transportation for sponsoring the project; and (2) MwRSF
personnel for constructing the barriers and conducting the crash tests.
A special thanks 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., ELT., Research Manager

C.L. Meyer, B.S.M.E, ELT, Research Engineer IT

S K. Rosenbaugh, M.S.C.E., E.LT., Research Associate Engineer
K.L. Krenk, Field Operations Manager

A.T. Russell, B.S.B.A., Laboratory Mechanic II

A.T. McMaster, Laboratory Mechanic I

Undergraduate and Graduate Assistants

New York State Department of Transportation

Lyman L. Hale III, P.E., Senior Engineer

Pratip Lahiri, P.E., Standards and Specifications Section
Brad Bortnick, P.E., Design Services Bureau

John Ferry, Construction

Federal Highway Administration

Jim Growney, P.E., New York Division Office

Dunlap Photography

James Dunlap, President and Owner

111



TABLE OF CONTENTS

Page

TECHNICAL REPORT DOCUMENTATION PAGE ... .. coomws s sommonmas i semmomn son smimns 1
BRRCLAINIER STRTEMENT  sivoves o ton soutyes & Couss o sosares o couss o seas 1
ACKNOWLEDGMEBNTE ... .. oo ni s mimismeison nir sissamis S mmisainacs i mimsisis s mimme 111
TABLE OF CONTENTS . . ... e v
Listof Figures ... ... .. .. ... Vi
Listof Tables . .. ... ... .. X

L INTRODUCTION . ... e e e e e e 1
1.1 Problem Statement . .. ... ... ... .. ... ... 1

1.2 Research Objective .. ... .. ... .. ... . .. .. . 1

L3 SC0pe . ..o 2

2 LITERATURE REVIEW . . . e 3
3 TEST REQUIREMENTS AND EVALUATION CRITERIA . ...... ... ... ... ....... 4
3.1 Test Requirements . .. .. ... ... .. ... ... . 4

32 Evaluation Criferia . .. .. .. ... ... .. 5

4 TEST CONDITIONS . ... 7
4.1 TestFacility .. ... .. ... 7

4.2 Vehicle Tow and Guidance System .. .. ...... ... ... ... .. .. ... .......... 7

43 Test Vehicles ... ... ... . 7

4.4 Data Acquisition SYStems . . ... .. .. ... ... ... 18

4.4.1 Accelerometers .. ........ .. ... 18

442 Rate Transducers . . . ... ... 19

4.4.3 High-Speed Photography . ......... ... .. ... .. ... . ... .. ......... 19

4.4.4 Pressure Tape Switches .. ....... .. ... .. ... .. ... . ... .. .. ....... 20

SDESIGN DETAILS - DESIGN NO. 1 ... ... 24
6 FULL-SCALECRASHTEST NO. 1 .. ... . e 43
6.1 Test NYTCB-1 . ... 43

6.2 Test DesCription . . . .. .. ... ... . 43

6.3 Barrier Damage ... .. ... ... 44

6.4 Vehicle Damage . .. .. .. ... ... .. ... 46

6.5 Occupant Risk Values .. ...... ... .. .. ... . . .. .. . .. ... 47

6.6 DISCUSSION . . . .. ..ot 47
7DESIGN DETAILS - DESIGN NO. 2 . ... e 64



8 FULL-SCALE CRASH TEST NO. 2 . . .. i 68

QL TCSEIIF IO v st s 55 G - 2 v e v e e e e aem e e anaeaaeaeaaanaeaen 68

8.2 Test DesCription . . . .. ... ... 68

8.3 Barrier Damage ... .. ... ... ... 69

B A Vel EYaE . . oo cocmeis 55 9« @ o o oo e e e e e e e e e e e 70

8.5 Occupant Risk Values .. ...... ... .. .. ... . . .. .. . .. ..., 71

B 72

9 DESIGN MODIFICATIONS-DESIGN NO. 3 . . .. ... .. i 91

10 FULL-SCALE CRASH TEST NO. 3 . ... .. e 97

10.1 Test NYTCB-3 . ... e 97

10.2 Test DesCription . . .. ... .. ... ... 97

103 Barrier Damage . ... ... ... ... ... ... 99

10.4 Vehicle Damage . . .. ... ... . ... . . ... .. 101

10.5 Occupant Risk Values ... ... ... .. .. ... .. .. .. ... .. ... ... ... ..., 102

L0.6 DISCUSSION . . ..ottt et 102

11 SUMMARY, CONCLUSIONS, ANDDISCUSSION .. ... ... ..., 122

12 RECOMMENDATIONS ... e e e 127

13 REFERENCES . . .. 128

14 APPENDICES .. .. 130

APPENDIX A - English-Unit System Drawings, Test NYTCB-1 ............. ... 131

APPENDIX B - Test Summary Sheets in English Units ... ................... .. 143

APPENDIX C - Occupant Compartment Deformation Data . ................... 147
APPENDIX D - Accelerometer and Rate Transducer Data Analysis,

Test NYTCB-1 .. ... 155

APPENDIX E - Metric- and English-Unit System Drawings, Test NYTCB-2 ... ... 163
APPENDIX F - Accelerometer and Rate Transducer Data Analysis,

Test NYTCB-2 .. ..o 180

APPENDIX G - Metric- and English-Unit System Drawings, Test NYTCB-3 ...... 188
APPENDIX H - Accelerometer and Rate Transducer Data Analysis,

Test NYTCB-3 .. ... 212

APPENDIX I - Material Specifications ... ................ .. .. ... ........... 220



List of Figures

Page
1. Test Vehicle, Test NYTCB-1 . . .. .. e e e 8
2. Vehicle Dimensions, Test NYTCB-1 . . ... ... . 10
3. Test Vehicle, TESI NN TEB-2  :uovn o somes sioms o o0 Saes o 0000 o S8ves 5 Simes 12
4. Veliicle Dimensions; TESENYTUBZ. . .o svmmman conommmme ws s s wom smmiss e s 12
3 el NCHele TEENETID 1L . Llhon solivbbans bbbk S st Libonmmil e s 13
6. Vehicle Dimcnsions: TeSt Y TOR S . cocor cuvo s sonewns s oo 58 vhes0b? 58 dbns 14
7. Vehicle Target Locations, Test NYTCB-1 ... ... .. .. .. ... ... ... ... .. .. .. ......... 15
8. Vehicle Target Locations, Test NYTCB-2 ... ... .. .. ... ... .. ... . .. . . .. ... 16
9. Vehicle Target Locations, Test NYTCB-3 ... ... .. .. .. ... ... .. .. .. ... .. . ... ...... 17
10. Locations of Cameras, Test NYTCB-1 . .. ... ... ... . ... ... 21
11. Locations of Cameras, Test NYTCB-2 . .. ... ... ... ... 22
12. Locations of Cameras, Test NYTCB-3 . .. .. ... .. .. ... 23
13. Stiffened Temporary Concrete Barrier System Layout, Test NYTCB-1 ............... 27
14. Temporary Concrete Barrier Details, Test NYTCB-1 . ....... ... ... .. ............. 28
15. Temporary Concrete Barrier Reinforcement Details, Test NYTCB-1 ................. 29
16. Bill of Bars, Test NYTCB-1 . . . ... 30
17. Temporary Concrete Barrier Connection Details, Test NYTCB-1 .. .................. 31
18. Connection Key Assembly Details, Test NYTCB-1 . ... ... .. .. ... .. .. ............. 32
19. Connection Key Assembly Details, NYTCB-1 . ... ... .. .. .. .. ... .. ............. 33
20. Temporary Concrete Barrier Connector Assembly Details, Test NYTCB-1 ............ 34
21. Box Beam Stiffener Details, Test NYTCB-1 ... ... ... ... . ... . .. . . . . .. . ... ... 35
22. Temporary Concrete Barrier Stiffener Hole Details, Test NYTCB-1 .. ................ 36
23. Box Beam Stiffener Details, Test NYTCB-1 ... ... ... ... . ... . .. . . . . .. . ... ... 37
24. Box Beam Stiffened Temporary Concrete Barrier, Test NYTCB-1 ... ................ 38
25. Box Beam Stiffeners, Test NYTCB-1 .. ... ... ... . . 39
26. Box Beam Stiffener Attachment Bolts, Test NYTCB-1 ... ..... ... ... . ... ....... 40
27. Connection Key, Test NYTCB-1 . .. ... .. ... . .. .. . 41
28. Anchored Barrier Ends, Test NYTCB-1 ... ... ... ... ... .. 42
29. Summary of Test Results and Sequential Photographs, Test NYTCB-1 ................ 49
30. Additional Sequential Photographs, Test NYTCB-1 .. ... ... .. .. ... ... ........... 50
31. Additional Sequential Photographs, Test NYTCB-1 .. ... ... .. ... ... ........... 51
32. Additional Sequential Photos, Test NYTCB-1 . ...... ... .. .. ... .. .. ............. 52
33. Documentary Photographs, Test NYTCB-1 ... ... ... .. .. .. ... .. ... ............ 53
34. Documentary Photographs, Test NYTCB-1 ... ... ... .. .. .. .. ... ... ............ 54
35. Impact Location, Test NYTCB-1 .. ... .. ... .. .. .. .. 55
36. Vehicle Final Position and Trajectory Marks, Test NYTCB-1 ... .................... 56
37. Temporary Barrier Damage, Test NYTCB-1 .. ... ... .. .. .. .. ... .. ............. 57
38. Temporary Barrier Damage, Test NYTCB-1 .. ... ... .. .. .. .. ... .. ............. 58
39. Barrier No. 5 Damage, Test NYTCB-1 ... .. ... ... .. .. .. ... . . ... . .. ... .. ... ... 59
40. Joint Connection Damage - Joints 2-3, 3-4, 4-5, and 5-6, Test NYTCB-1 .............. 60
41. Temporary Barrier Box Beam Stiffener Damage, Test NYTCB-1 .................... 61
42. Vehicle Damage, Test NYTCB-1 ... ... .. ... ... ... . . .. .. 62



43.
44.
45.
46.
47.
48.
49.
50.
i
52.

53

54.
55.
56.
57.
58.
59.
60.
61.
62.

63

64.
65.
66.
67.
68.
69.
70.
71.
72.

73

74.
75.
76.
77.
78.
79.
80.
81.
82.

83

84.
85.
86.
87.

Vehicle Damage: TESENYTOB=L ... v cinn o o mismme o s sie st mismmse wn simisims 63
Unstiffened Temporary Concrete Barrier System Layout, Test NYTCB-2 . ............ 65
Uhisrffened Temporany Conercte Bairier, TESE NYTCEB-2 ««: oo cuvun os on cmwen o3 vumas 66
New York Temporary Concrete Barrier, Test NYTCB-2 .. ... .. ... ............... 67
Summary of Test Results and Sequential Photographs, Test NYTCB-2 .. .............. 73
Additional Sequential Photographs, Test NYTCB-2 . . ... ... ... ... ... ..c.coon... 74
Additional Sequential Photographs, Test NYTCB-2 . .. ... ... ... .. .. .. ... ......... 75
Additional Sequential Photographs, Test NYTCB-2 . .. ... ... ... ... ... ........... 76
Diocusmentary Phatosmphs. Test Y TEBE- T .. coove oo sommms e oo i sommsms s s T
Documentary Photographs, Test NYTCB-2 .. ... .. ... .. .. ... ... .. ... ... ......... 78
. Documentary Photographs, Test NYTCB-2 .. ... .. .. .. ... . ... .. ... .. ............ 79
Documentary Photographs, Test NYTCB-2 .. ... .. ... .. .. ... ... .. ... ... ......... 80
Documentary Photographs, Test NYTCB-2 .. ... .. ... .. .. ... ... .. ... ... ......... 81
Impact Location, Test NYTCB-2 .. .. .. ... .. .. .. .. 82
Vehicle Final Position and Trajectory Marks, Test NYTCB-2 ....................... 83
Temporary Barrier Damage, Test NYTCB-2 . ... ... .. ... ... .. ... . ... .. ......... 84
Temporary Barrier Damage, Test NYTCB-2 . ... ... .. ... ... .. ... . ... .. ......... 85
Barrier No. 5 Damage, Test NYTCB-2 .. .. ... ... . .. ... .. 86
Joint Connection Damage for Joints 4-5, 5-6, and 6-7, Test NYTCB-2 .. .............. 87
Vehicle Damage, Test NYTCB-2 .. .. ... .. ... .. .. 88
. Vehicle Damage, Test NYTCB-2 ... ... ... ... . .. ... . . 89
Occupant Compartment Deformation, Test NYTCB-2 . .......... .. ... ... ......... 90
Stiffened Temporary Concrete Barrier System Layout, Test NYTCB-3 ............... 92
Box Beam Stiffener Details, Test NYTCB-3 ... .. ... ... .. ... . .. . .. ... .. 93
Box Beam Stiffener Details, Test NYTCB-3 ... .. ... ... .. ... . .. . .. ... .. 94
Box Beam Stiffened Temporary Concrete Barrier System, Test NYTCB-3 . ............ 95
Box Beam Stiffeners, Test NYTCB . . . ... . ... . 96
Summary of Test Results and Sequential Photographs, Test NYTCB-3 ............... 104
Additional Sequential Photographs, Test NYTCB-3 ... ... ... ... ... ............. 105
Additional Sequential Photographs, Test NYTCB-3 ... ... ... ... ... ............. 106
. Additional Sequential Photographs, Test NYTCB-3 ... .. ... .. .. ... .. ... ... ...... 107
Documentary Photographs, Test NYTCB-3 . ... ... .. ... .. .. .. ... .. ... .......... 108
Documentary Photographs, Test NYTCB-3 . ... ... .. ... .. .. .. ... .. ... .......... 109
Impact Location, Test NYTCB-3 . ... ... .. ... .. .. 110
Vehicle Final Position and Trajectory Marks, Test NYTCB-3 . ..................... 111
Box Beam Stiffened Temporary Barrier Damage, Test NYTCB-3 . .................. 112
Box Beam Stiffened Temporary Barrier Damage, Test NYTCB-3 . .................. 113
Box Beam Stiffened Temporary Barrier Damage, Test NYTCB-3 . .................. 114
Box Beam Stiffened Temporary Barrier Damage, Test NYTCB-3 . .................. 115
Jomnt Damage, Test NYTCB-3 . . ... ... .. . . 116
. Joint Connection Damage, Test NYTCB-3 ... ... ... ... .. .. .. ... .. ... .......... 117
Connector Rod Damage, Test NYTCB-3 .. ... ... .. ... .. ... .. ... . ... .. ........ 118
Vehicle Damage, Test NYTCB-3 . ... ... .. ... . . .. 119
Additional Vehicle Damage, Test NYTCB-3 ... ... .. ... . ... .. ... .. ............. 120

Occupant Compartment Deformation, Test NYTCB-3 ... ..... .. ... .. ............. 121

i



A-1. Stiffened Temporary Concrete Barrier System Layout (English), Test NYTCB-1 .. ... 132

A-2. Temporary Concrete Barrier Details (English), Test NYTCB-1 .. .................. 133
A-3. Temporary Concrete Barrier Reinforcement Details (English), Test NYTCB-1 ... .. .. 134
A-4. Bill of Bars (English), Test NYTCB-1 ... ... ... ... ... .. ... . .. .. ... 135
A-5. Temporary Concrete Barrier Connection Details (English), Test NYTCB-1 .......... 136
A-6. Connection Key Assembly Details (English), Test NYTCB-1 . .................... 137
A-7. Connection Key Assembly Details (English), NYTCB-1 ......................... 138
A-8. Temporary Concrete Barrier Connector Assembly Details (English),

SRR MR L v sosusmomshin | Suasnmse warsissnetms <akAORIDASH 5 OUSRRN SRR o5 SR 139
A-9. Box Beam Stiffener Details (English), Test NYTCB-1 .......................... 140
A-10. Temporary Concrete Barrier Stiffener Hole Details (English), Test NYTCB-1 ... .. .. 141
A-11. Box Beam Stiffener Details (English), Test NYTCB-1 ......................... 142
B-1. Summary of Test Results and Sequential Photographs (English), Test NYTCB-1 .. .. .. 144
B-2. Summary of Test Results and Sequential Photographs (English), Test NYTCB-2 . . .. .. 145
B-3. Summary of Test Results and Sequential Photographs (English), Test NYTCB-3 .. .. .. 146
C-4. Occupant Compartment Deformation Data Set 1, Test NYTCB-1 .................. 148
C-5. Occupant Compartment Deformation Data Set 2, Test NYTCB-1 .................. 149
C-6. Occupant Compartment Deformation Index (OCDI), Test NYTCB-1 ............... 150
C-7. Occupant Compartment Deformation Data Set 1, Test NYTCB-2 .................. 151
C-8. Occupant Compartment Deformation Data Set 2, Test NYTCB-2 .................. 152
C-9. Occupant Compartment Deformation Index (OCDI), Test NYTCB-2 . .............. 153
C-10. Occupant Compartment Crush Data, Test NYTCB-3 . ... .. ... .. .............. 154
D-1. Graph of Longitudinal Deceleration, Test NYTCB-1 ... ....... ... ... ........... 156
D-2. Graph of Longitudinal Occupant Impact Velocity, Test NYTCB-1 ................. 157
D-3. Graph of Longitudinal Occupant Displacement, Test NYTCB-1 ................... 158
D-4. Graph of Lateral Deceleration, Test NYTCB-1 .. ..... ... .. ... ... ............. 159
D-5. Graph of Lateral Occupant Impact Velocity, Test NYTCB-1 .. .................... 160
D-6. Graph of Lateral Occupant Displacement, Test NYTCB-1 . ....................... 161
D-7. Graph of Roll, Pitch, and Yaw Angular Displacements, Test NYTCB-1 ............. 162
E-1. Unstiffened Temporary Concrete Barrier System Layout, Test NYTCB-2 .. ......... 164
E-2. Temporary Concrete Barrier Details, Test NYTCB-2 ... ....... ... ... ............ 165
E-3. Temporary Concrete Barrier Reinforcement Details, Test NYTCB-2 . .............. 166
E-4. Bill of Bars, Test NYTCB-2 . .. .. ... 167
E-5. Temporary Concrete Barrier Connection Details, Test NYTCB-2 .. ................ 168
E-6. Connection Key Assembly Details, Test NYTCB-2 .. ... ... ... ... ............... 169
E-7. Connection Key Assembly Details, Test NYTCB-2 .. ... ... ... ... ............... 170
E-8. Temporary Concrete Barrier Connector Assembly Details, Test NYTCB-2 .......... 171
E-9. Unstiffened Temporary Concrete Barrier System Layout (English), Test NYTCB-2 ... 172
E-10. Temporary Concrete Barrier Details (English), Test NYTCB-2 . .................. 173
E-11. Temporary Concrete Barrier Reinforcement Details (English), Test NYTCB-2 ...... 174
E-12. Bill of Bars (English), Test NYTCB-2 ... ... ... .. ... . . .. . . ... 175
E-13. Temporary Concrete Barrier Connection Details (English), Test NYTCB-2 ......... 176
E-14. Connection Key Assembly Details (English), Test NYTCB-2 .. .................. 177
E-15. Connection Key Assembly Details (English), Test NYTCB-2 . ................... 178

viil



E-16. Temporary Concrete Barrier Connector Assembly Details (English),

TESE I 00 00 b e Lo sl msachiiekinss Bl mmdohib wen bt om il
F-1. Graph of Longiudmal Deceleiation, TESENYTEB-2 - cvove o vuven o sn cvmez o3 vans
F-2. Graph of Longitudinal Impact Velocity, Test NYTCB-2 .........................
F-3. Graph of Longitudinal Occupant Displacement, Test NYTCB-2 ...................
F-4./Graphial Lateral Decelorairan. TesENYTOB-2 .« o oo swimn o snmews s s e s
F-5. Graph of Lateral Occupant Impact Velocity, Test NYTCB-2 .. ....................
F-6. Graph of Lateral Occupant Displacement, Test NYTCB-2 . .......................
F-7. Graph of Roll, Pitch, and Yaw Angular Displacements, Test NYTCB-2 .............
G-1. Stiffened Temporary Concrete Barrier System Layout, Test NYTCB-3 .............
G-2. Temporary Concrete Barrier Details, Test NYTCB-3 .. ....... ... .. .. ... .........
G-3. Temporary Concrete Barrier Reinforcement Details, Test NYTCB-3 . ..............
G-4. Bill of Bars, Test NYTCB-3 . . ... ...
G-5. Temporary Concrete Barrier Connection Details, Test NYTCB-3 .. ................
G-6. Connection Key Assembly Details, Test NYTCB-3 . ....... ... .. .. ..............
G-7. Connection Key Assembly Details, Test NYTCB-3 ... ..... ... .. .. ..............
G-8. Temporary Concrete Barrier Connector Assembly Details, Test NYTCB-3 ..........
G-9. Box Beam Stiffener Details, Test NYTCB-3 . ... ... .. ... .. .. . ... . . . .. . .....
G-10. Temporary Concrete Barrier Stiffener Hole Details, Test NYTCB-3 . ......... .. ...
G-11. Box Beam Stiffener Details, Test NYTCB-3 . ... ... ... . ... . ... . .. . . . ... ......
G-12. Stiffened Temporary Concrete Barrier System Layout (English), Test NYTCB-3 . ...
G-13. Temporary Concrete Barrier Details (English), Test NYTCB-3 .. .................
G-14. Temporary Concrete Barrier Reinforcement Details (English), Test NYTCB-3 ... ...
G-15. Bill of Bars (English), Test NYTCB-3 ... ... ... .. .. .. .. . ...
G-16. Temporary Concrete Barrier Connection Details (English), Test NYTCB-3 ... ... ...
G-17. Connection Key Assembly Details (English), Test NYTCB-3 . ...................
G-18. Connection Key Assembly Details (English), Test NYTCB-3 . ...................
G-19. Temporary Concrete Barrier Connector Assembly Details (English),

Test NYTCB-3 .. .o
G-20. Box Beam Stiffener Details (English), Test NYTCB-3 . ........................
G-21. Temporary Concrete Barrier Stiffener Hole Details (English), Test NYTCB-3 ... . ...
G-22. Box Beam Stiffener Details (English), Test NYTCB-3 . ..... ... ................
H-1. Graph of Longitudinal Deceleration, Test NYTCB-3 ... ....... ... .. ... ... ......
H-2. Graph of Longitudinal Impact Velocity, Test NYTCB-3 .........................
H-3. Graph of Longitudinal Impact Displacement, Test NYTCB-3 ... ..................
H-4. Graph of Lateral Deceleration, Test NYTCB-3 .. ..... ... ... ... .. .............
H-5. Graph of Lateral Occupant Impact Velocity, Test NYTCB-3 .. ....................
H-6. Graph of Lateral Occupant Displacement, Test NYTCB-3 . .......................
H-7. Graph of Roll, Pitch, and Yaw Angular Displacements, Test NYTCB-3 .............

X



1. Update to NCHRP Report No.
2. Update to NCHRP Report No.

List of Tables

350 Test Level 3 Crash Test Conditions
350 Evaluation Criteria for Crash Tests

3. Summary of Safety Performance Evaluation Results .. ............



1 INTRODUCTION
1.1 Problem Statement

Temporary concrete barrier (TCB) systems that are not pinned into the pavement can be
displaced during an impact. The displacement could result in workers being crushed between the
barrier and objects within the workspace. Alternatively, the barrier could be moved laterally such
as to fall off of the paved surface and onto workers in an excavation, below a bridge, or onto traffic
under the bridge. While it 1s possible to drill holes into a bridge deck in order to anchor the TCB
system, the process is time-consuming, costly, and ultimately may result in damage to the bridge.
Thus, there is a need for a means of reducing the deflection of the TCB system that does not require
an attachment to the pavement.

Previous crash testing of the New York State Department of Transportation (NYSDOT) TCB
system, in both pinned and unpinned configurations, has shown acceptable performance. The
previous crash testing had been conducted according to the National Cooperative Highway Research
Program (NCHRP) Report No. 350 safety performance criteria (1). However, an unpinned, stiffened
version of the TCB has not been crash tested. In order to stiffen the system, a proposed solution was
to fasten box beam sections across barrier joints and to anchor both ends of the barrier system.
Although the bolt heads used to fasten the box beams to the barrier sections may have a slight effect
on the vehicle’s response, they should not be a cause for concern. These box beam stiffening
sections were believed to be capable of reducing lateral deflections and preventing separation of the
barriers when deflected and suspended over the edge of a bridge deck.

1.2 Research Objective
The objective of this research project was to evaluate the safety performance of stiffened

NYSDOT temporary concrete barrier systems and compare it to the performance observed for non-
1



stiffened TCBs. As part of the testing program, Midwest Roadside Safety Facility (MwRSF)
researchers suggested that the stiffened TCB be placed adjacent to the free edge of a bridge deck in
order to evaluate a real-world scenario as well as to provide convincing evidence of the system’s
effectiveness. NYSDOT officials agreed to this modified test layout as part of the final crash test.
NYSDOT officials were confident that the barrier systems would meet all impact safety standards.
However, the NYSDOT desired that the temporary concrete barrier systems be evaluated according
to the new Test Level 3 (TL-3) safety performance criteria set forth in the currently proposed Update
to NCHRP Report No. 350 (2).
1.3 Scope

The research objective was achieved through the completion of several tasks. First, full-scale
vehicle crash tests were performed on the box beam stiffened and unstiffened versions of the
temporary concrete barrier system. The crash tests utilized %2 ton pickup trucks, each weighing
approximately 2,270 kg (5,004 1bs) as recommended by the currently proposed Update to NCHRP
Report No. 350 (2). The target impact conditions for the tests were an impact speed of 100.0 km/h
(62.1 mph) and an impact angle of 25 degrees. Next, the test results were analyzed, evaluated, and
documented. Finally, conclusions and recommendations were made that pertain to the safety
performance of the box beam stiffened and unstiffened variations of the temporary concrete barrier

system.



2 LITERATURE REVIEW

Previous testing on the NYSDOT TCB system was conducted by the Texas Transportation
Institute (TTT) (3-4). Crash testing of the TCB system was evaluated according to the criteria provided
in NCHRP Report No. 350 (1).

In 1999, TTI tested the unpinned version of the NYSDOT TCB (3). In test no. 473220-7, a
2,075-kg (4,575-1b) pickup truck impacted the ten barrier system 1.2 m (3 ft - 11 in.) upstream of the
connection between barrier segment nos. 3 and 4 at a speed of 98.0 km/h (60.9 mph) and at an angle of
26.3 degrees. During the impact, three of the barrier joints failed, causing the barrier at the pomt of
impact to overturn. Subsequently, the vehicle overrode the barrier and rolled over. Thus, the test was
determined to be unacceptable according to the NCHRP Report No. 350 requirements, since the vehicle
did not remain upright after collision with the system. The joint failure was subsequently attributed to
substandard welding in the connection joints.

In 2001, TTI retested the properly fabricated unpinned NYSDOT TCB system (4). It should be
noted that the end barrier sections were unpinned as well. During test no. 473220-14, a 2,076-kg (4,577-
1b) pickup truck impacted the ten barrier system 1.38 m (4 fi - 6 in.) upstream of the joint between barrier
segment nos. 3 and 4 at a speed of 100.8 km/h (62.6 mph) and at an angle of 25.6 degrees. During the
impact, the vehicle was redirected smoothly, and the test was determined to be acceptable according to
the NCHRP Report No. 350 requirements. The barrier system experienced 1,270 mm (50 in.) of dynamic
deflection and 1,270 mm (50 in.) of permanent set deflection. During the test, the upstream end was
pulled 148 mm (5.8 in.) longitudinally downstream, while the downstream end was displaced 5 mm (0.2
in.) longitudinally upstream, or toward the impact point. The noted lateral barrier deflections would be
correlated to the unpinned section ends.

It was NYSDOT’s concern over this large barrier deflection that caused the state agency to

contract with MwRSF to conduct the barrier stiffening research covered by this report.
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3 TEST REQUIREMENTS AND EVALUATION CRITERIA
3.1 Test Requirements

Historically, longitudinal barriers, such as temporary concrete barriers, have been required
to satisfy impact safety standards in order to be accepted by the Federal Highway Administration
(FHWA) for use on National Highway System (NHS) construction projects or as a replacement for
existing designs not meeting current safety standards. In recent years, these safety standards have
consisted of the guidelines and procedures published in NCHRP Report No. 350 (1). However,
NCHRP Project 22-14(2) generated revised testing procedures and guidelines for use in the
evaluation of roadside safety appurtenances and have been presented in the draft report entitled,
Recommended Procedures for the Safety Performance Evaluation of Highway Features (2).
Therefore, according to TL-3 of the currently proposed Update to NCHRP Report No. 350,
longitudinal barrier systems must be subjected to two full-scale vehicle crash tests. The two full-
scale crash tests are as follows:

1. Test Designation 3-10 consisting of an 1,100-kg (2,425-1b) passenger car impacting

the barrier system at a nominal speed and angle of 100.0 km/h (62.1 mph) and 25
degrees, respectively.

2. Test Designation 3-11 consisting ofa 2,270-kg (5,004-1b) pickup truck impacting the

barrier system at a nominal speed and angle of 100.0 km/h (62.1 mph) and 25
degrees, respectively.

A rigid, F-shape bridge rail was successfully impacted by a small car weighing 893 kg (1,800
lbs) at 96.7 km/h (60.1 mph) and 21.4 degrees according to the American Association of State
Highway and Transportation Officials (AASHTO) Guide Specifications for Bridge Railings (3-6).
In the same manner, rigid New Jersey safety shape barriers struck by small cars have also been

shown to meet safety performance standards (7-8). In addition, a New Jersey safety shape barrier

was impacted by a passenger car weighing 1,170 kg (2,579 Ibs) at 97.9 km/h (60.8 mph) and 26.1
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degrees according to the TL-3 standards set forth in the currently proposed Update to NCHRP
Report No. 350 (9). Furthermore, temporary New Jersey safety shape concrete median barriers have
experienced only slight barrier deflections when impacted by small cars and behave similar to rigid
barriers (10). As such, the 1,100-kg (2,425-1b) passenger car test was deemed unnecessary for this
project. The test conditions for TL-3 longitudinal barriers are summarized in Table 1.

For this crash testing program, the NYSDOT’s primary objective was to evaluate the
potential for reducing barrier deflections through the use of box beam stiffening on an approved
TCB design.

3.2 Evaluation Criteria

According to the currently proposed Update to NCHRP Report No. 350, the 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 barrier to contain, redirect, or allow controlled vehicle
penetration in a predictable manner. Occupant risk evaluates the degree of hazard to occupants in
the impacting vehicle. Vehicle trajectory after collision is a measure of the potential for the post-
impact trajectory of the vehicle to cause subsequent multi-vehicle accidents. This criterion also
indicates the potential safety hazard for the occupants of other vehicles or the occupants of the
impacting vehicle when subjected to secondary collisions with other fixed objects. These three
evaluation criteria are summarized in Table 2 and defined in greater detail in the currently proposed
Update to NCHRP Report No. 350 (2). The full-scale vehicle crash tests were conducted and
reported in accordance with the procedures provided in the currently proposed Update to NCHRP
Report No. 350.

In addition to the standard occupant risk measures, the Post-Impact Head Deceleration
5



(PHD) and Theoretical Head Impact Velocity (THIV) were also determined and reported on the test

summary sheets. Additional discussion on PHD and THIV is provided in reference (2).

Table 1. Update to NCHRP Report No. 350 Test Level 3 Crash Test Conditions

Impact Conditions
. Test Test . e
Test Article Designation | Vehicle Speed Angle Evaluation Criteria
(knvh) | (mph) (degrees)
Longitudinal 3-10 1100C 100 62.1 25 ADFHIM
Barrier 3-11 2270P | 100 62.1 25 ADJFHIM

! Evaluation criteria explained in Table 2.

Table 2. Update to NCHRP Report No. 350 Evaluation Criteria for Crash Tests

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

Structural a controlled stop; the vehicle should not penetrate, underride, or override
Adequacy the installation although controlled lateral deflection of the test article is
acceptable.

D. Detached elements, fragments or other debris from the test article should
not penetrate or show potential for penetrating the occupant compartment,
or present an undue hazard to other traffic, pedestrians, or personnel in a
work zone. Deformations of, or intrusions into, the occupant compartment
should not exceed limits set forth in Section 5.3 and Appendix E of the
currently proposed Update to NCRHP Report No. 350.

F. Thevehicle should remain upright during and after collision. The maximum

Occupant
Rislii roll and pitch angles are not to exceed 75 degrees.

H. Longitudinal and lateral occupant impact velocities should fall below the
preferred value of 9.1 m/s (30.0 ft/s), or at least below the maximum
allowable value of 12.2 m/s (40.0 ft/s).

I. Longitudinal and lateral occupant ridedown accelerations should fall below
the preferred value of 15.0 g’s, or at least below the maximum allowable
value 0f 20.49 g’s.

Vehicle : . . . s :
- M. After impact, the vehicle shall exit the barrier within the exit box.
Trajectory




4 TEST CONDITIONS
4.1 Test Facility

The testing facility is located at the Lincoln Air Park on the northwest side of the Lincoln
Municipal Airport and is approximately 8.0 km (5 mi.) 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 increases 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 front-left wheel and the guide cable, was sheared off before impact with
the barrier system. The 9.5-mm (0.375-in.) diameter guide cable was tensioned to approximately
15.6 kN (3,500 Ibf), and supported laterally and vertically every 30.48 m (100 ft) 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. For tests
NYTCB-1, NYTCB-2, and NYTCB-3, the vehicle guidance system was 335 m (1,100 ft) long.
4.3 Test Vehicles

For test NYTCB-1, a 2002 Dodge Ram 1500 Quad Cab pickup truck was used as the test
vehicle. The test inertial and gross static weights were 2,275 kg (5,016 Ibs). The test vehicle is
shown in Figure 1, and vehicle dimensions are shown in Figure 2.

For test NYTCB-2, a 2002 Dodge Ram 1500 Quad Cab pickup truck was used as the test



Figure 1. Test Vehicle, Test NYTCB-1



Date: 7/24 /2007 Test Number: NYTCH—1 Model: Ram 1500 Q.C.
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W—total 2301.5  (5074) 2275.2  [5016) 2275.2 [5016) Total GWWR EESO
Hote any damage prior to testk: Hana

Figure 2. Vehicle Dimensions, Test NYTCB-1



vehicle. The test inertial and gross static weights were 2,279 kg (5,024 1bs). The test vehicle is
shown in Figure 3, and vehicle dimensions are shown in Figure 4.

For test NYTCB-3, a 2003 Dodge Ram 1500 Quad Cab pickup truck was used as the test
vehicle. The test inertial and gross static weights were 2,268 kg (5,001 Ibs). The test vehicle 1s
shown in Figure 5, and vehicle dimensions are shown in Figure 6.

The Suspension Method (12) was used to determine the vertical component of the center of
gravity (c.g.) for the pickup trucks. 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 location of the center of gravity. The longitudinal
component of the c.g. was determined using the measured axle weights. The location of the final
centers of gravity are shown in Figures 2, 4, 6, and 7 through 9.

Square black and white-checkered targets were placed on the vehicle to aid in the analysis
of the high-speed AOS videos, as shown in Figures 7 through 9. Checkered targets were placed at
the c.g. on the left-side door, the right-side door, and the roof of the vehicle. The remaining targets
were located for reference so that they could be viewed from the high-speed cameras for video
analysis.

The front wheels of the test vehicle were aligned for camber, caster, and toe-in values of zero
so that the vehicles would track properly along the guide cable. A 5B flash bulb was mounted on
the left-quarter point of the vehicle’s dash to pinpoint the time of impact with the test article on the
high-speed video footage. The flash bulb was fired by a pressure tape switch mounted at the impact
corner of the bumper. A remote controlled brake system was installed in the test vehicle so the

vehicle could be brought safely to a stop after the test.
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Figure 3. Test Vehicle, Test NYTCB-2
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Date: 7/25/2007 Test Number: NYTCH—2 Model: Ram 1500 Q.C.

Make: Dodge Vehicle LD.#: 1D7HA1BKB3J506255

Tire Size: 265/70 R17 Year: 2002 Cdometer: 96568

*(All Measuraments Refar to Impacting Side)

Yehicle Geametry — mm [in.)
o _1851.2 {78.0) b 1917.7 [¥5.5)
c 57785 (227.5) d 12065 (47.5)
E— ‘ e 3562.4 (140.25) f 1009.7 {39.75)
g _711.2 {28.0) h _1825.6 (64.0)
Tt n m a
\ 1 _33%5.6 {14.0) j _647.7 [25.5)
1 = k_520.7  {20.5) | 730.25  {28.75)
m_1727.2 {6B.0) n 1720.9  (87.75)
Teod Imcrdial CH.
o _1124 {44.253 p 8RS (3.5)
DT i q_774.7 __ {(30.5) r_469.8 _ (18.35)
™ r WHEEL DIa
| — - p s _ 381 {15.0) t 19114  {75.25)
b ;_T ‘ Wheel Center Height Front 381 15.0
9 .
. I 4 O I o O\ K3 3 o Wheel Center Haight Rear _384.18 {15.125}
s i l
ty X \ 4 ) : Wheel Well Clearance {FR) ELE] 35.0
: Wheel Well Clearonce (RR) §65.2 3B.0
- " <
d e & Frame Height {FR) _444.5 17.5
Y7\""”%" Vr,-on&; Frame Height (RR) B35 250
=
Engine Type & CYL. GAS
Engine Size 3.7L
Tronsmition Type:
Automatic
Weights
kg ?Ibs) Curk Test Inertial Crass Static RWD
W—front 1232.8 (2718) 1215.1 (2681) 1216.1 [2681) Front GYWR 3630
W-rear 1012 (2231) 1062.8  (2343) 1062.8  [2343) Rear GYWR 3900
W—total 2244.8  (4848) 2278.8  (5024) 2278.8 (5024) Total GVWR 6650
Mote any damage prior to test: None

Figure 4. Vehicle Dimensions, Test NYTCB-2
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Figure 5. Test Vehicle, Test NYTCB-3
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Date: 8/30/2007 Test Number: NYTCH =23 Model: Ram 1500 Q.C.
Make: Dodge Vehicle LD.#: 1D7HA18D535233366
Tire Size: 245/70 R17 Year: 2003 Cdometer: 9B928
*(All Measuraments Refar to Impacting Side)
Vehicle Geametry —— mm [in.)
o _1978  (77.875) b _1905 (75.0)
c 5784.9 (227.75) d _1212.9 (47.35)
1 liseormces! ‘ e 3562.4 (140.25) f 1009.7 (39.75)
B 2 X g g _7366 _ {28.0) h 1569.7  [61.8)
1 _4064  {16.0) j _723.89  [2B.5)
L ==+ l k _ 508 {20.0) 17112 (28.0)
e e o m_1714.5  {67.5) n 1720.9 (67.75)
o 11838  {47.0) p_8B0 (3.5
DT i q_ 762 {30.0) r_469.8  (18.5)
- r WHEEL DIa
L L] . p s_4318 (170 t 19114 (75.25)
b b ‘ Wheel Center Height Front _355.6 140
] 4 : o A 1o Wheel Center Height Rear _381.95  (14.15)
* T \O SI \O/ ; f l Wheel Well Clearance {FR) _827.1 365
] . A Wheel Well Clearance {RR) _852.5 375
d e & Frame Height {FR} _48B.95 {18.15)
Y7\""”90" VFFOHW Frame Height (RR) _£09.6 240
Enging Type 8 CYL. GAS
Engine Size 5.7L HEMI
Tronsmission Type:
Automatic
I:A;E.I?ltis) Curk Test Inertial Gross Static RWD
W—rfront 1297.7  (2861) 1264.6_ (2788) 1264.6 _ (2788) Front GVWR 3650
W—rear 1005.6  (2217) 1003.8_ (2213) 1003.8_ (3213) Rear GVWR 3900
W—total 2303.3  (5078) 2268.4 _ (s001) 2268.4 _ (5001) Tolal GYWR 6650
Note any damage prior to test:  rnane

Figure 6. Vehicle Dimensions, Test NYTCB-3
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TEST #: NYTCB —1
TARGET GEOMETRY-— mm (in.)

A 1861  (73.25) E 1791  (70.5) | 1019 (40.125)

B 2737 (107.75) F 1035 (40.75) J 714 (28.125)

C 1219  (48.0) ¢ 1591 (62.625) K 1080 (42.5)

D 1778 (70.0) K 1972 (77.625)

Figure 7. Vehicle Target Locations, Test NYTCB-1
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TEST #: NYTCB-2
TARGET GEOMETRY-— mm (in.)

A 1835 (72.25) E 1759 (69.25) | 997  (39.25)

B 2610 (102.75) F 1016  (40.0) J 711 (28.0)

C 1098 (43.25) G 1626  (64.0) K 1086 (42.75)

D 1758 (69.25) H 1937 (76.25)

Figure 8. Vehicle Target Locations, Test NYTCB-2
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TEST #: NYTBC —3
TARGET GEOMETRY-— mm (in.)

A 1753  (69.0) F 1626  (64.0) | 1041 (41.0)

B 2565 (101.0) F 1035 (40.75) J 737  (29.0)

C 1219  (48.0) G 1570  (61.8) K 1060  (41.75)

D 1626 (64.0) H 1993 (785.45)

Figure 9. Vehicle Target Locations, Test NYTCB-3
17



4.4 Data Acquisition Systems

4.4.1 Accelerometers

One triaxial piezoresistive accelerometer system with a range of £200 g’s was used to
measure the acceleration in the longitudinal, lateral, and vertical directions at a sample rate of 10,000
Hz. The environmental shock and vibration sensor/recorder system, Model EDR-4M6, was
developed by Instrumented Sensor Technology (IST) of Okemos, Michigan and includes three
differential channels as well as three single-ended channels. The EDR-4 was configured with 6 MB
of RAM memory and a 1,500 Hz lowpass filter. “DynaMax 1 (DM-1)” and “DADiSP”’computer
software programs were used to analyze and plot the accelerometer data.

Another triaxial piezoresistive accelerometer system with a range of £200 g’s was also used
to measure the acceleration in the longitudinal, lateral, and vertical directions at a sample rate of
3,200 Hz. The environmental shock and vibration sensor/recorder system, Model EDR-3, was
developed by Instrumented Sensor Technology (IST) of Okemos, Michigan. The EDR-3 was
configured with 256 kB of RAM memory and a 1,120 Hz lowpass filter. “DynaMax1 (DM-1)” and
“DADiSP” computer software programs were used to analyze and plot the accelerometer data.

For test no. NYTCB-3, an additional accelerometer system was used to measure the
acceleration in the longitudinal, lateral, and vertical directions at a sample rate of 10,000 Hz. The
environmental shock and vibration sensor/recorder system, a two-Arm piezoresistive accelerometer,
was developed by Endevco of San Juan Capistrano, California. Three accelerometers were used to
measure each of the longitudinal, lateral, and vertical accelerations independently. Data was
collected using a Sensor Input Module (SIM), Model TDAS3-SIM-16M, which was developed by
Diversified Technical Systems, Inc. (DTS) of Seal Beach, California. The SIM was configured with

16 MB SRAM memory and 8 sensor input channels with 250 kB SRAM/channel. The SIM was
18



mounted on a TDAS3-R4 module rack. The module rack is configured with isolated
power/event/communications, 10BaseT Ethernet and RS232 communication, and an internal back-
up battery. Both the SIM and module rack are crashworthy. “DTS TDAS Control” and “DADiSP”
computer software programs and a customized Microsoft Excel worksheet were used to analyze and
plot the accelerometer data.

4.4.2 Rate Transducers

An Analog Systems 3-axis rate transducer with a range of 1,200 degrees/sec in each of the
three directions (pitch, roll, and yaw) was used to measure the rates of motion of the test vehicles.
The rate transducer was mounted inside the body of the EDR-4M6 and recorded data at 10,000 Hz
to a second data acquisition board inside the EDR-4M6 housing. The raw data measurements were
then downloaded, converted to the proper Euler angles for analysis, and plotted. “DynaMax 1 and
“DADiSP” computer software programs were used to analyze and plot the rate transducer data.

For test no. NYTCB-3, an additional angular rate sensor was used. The ARS-1500 has a
range of 1,500 degrees/sec in each of the three directions (pitch, roll, and yaw) and was used to
measure the rates of rotation of the test vehicle. The angular rate sensor was mounted on an
aluminum block inside the test vehicle at the center of gravity and recorded data at 10,000 Hz to the
SIM. The raw data measurements were then downloaded, converted to the proper Euler angles for
analysis, and plotted. “DTS TDAS Control” and “DADiSP” computer software programs and a
customized Microsoft Excel worksheet were used to analyze and plot the angular rate sensor data.

4.4.3 High-Speed Photography

For test no. NYTCB-1, four high-speed AOS VITcam digital video cameras, all with
operating speeds of 500 frames/sec, were used to film the crash test. Four JVC digital video cameras

and two Canon digital video cameras, all with standard operating speeds of 29.97 frames/sec, were
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also used to film the crash test. Camera details and a schematic of all ten camera locations for test
no. NYTCB-1 are shown in Figure 10.

For test no. NYTCB-2, four high-speed AOS VITcam cameras, all with operating speeds of
approximately 500 frames/sec, were used to film the crash test. Five JVC digital video cameras and
two Canon digital video cameras, all with standard operating speeds of 29.97 frames/sec, were also
used to film the crash test. Camera details and a schematic of all eleven camera locations for test no.
NYTCB-2 are shown in Figure 11.

For test no. NYTCB-3, four high-speed AOS VITcam video cameras, and two high-speed
VIS cameras, all with operating speeds of 500 frames/sec, were used to film the crash test. Five JVC
digital video cameras and two Canon digital video cameras, all with standard operating speeds of
29.97 frames/sec, were also used to film the crash test. Camera details and a schematic of all thirteen
camera locations for test no. NYTCB-3 are shown in Figure 12.

The AOS and VIS videos were analyzed using the ImageExpress MotionPlus and
Weinberger Visart software, respectively. Actual camera speed and camera divergence factors were
considered in the analysis of the high-speed videos.

4.4.4 Pressure Tape Switches

For test nos. NYTCB-1 through NYTCB-3, five pressure-activated tape switches, spaced at
2-m (6.56-ft) intervals, were used to determine the speed of the vehicle before impact. Each tape
switch fired a strobe light which sent an electronic timing signal to the data acquisition system as
the vehicle’s left-front tire for test nos. NYTCB-1 and NYTCB-2 and the vehicle’s right-front tire
for test no. NYTCB-3 passed over it. Test vehicle speeds were determined from electronic timing
mark data recorded using TestPoint software. Strobe lights and high-speed video analysis are used

only as a backup in the event that vehicle speeds cannot be determined from the electronic data.
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Dump Truck

——47.1m [154'-6 A0S #2
JVC #4
Overhead . 21.3m [707]
Height: 19.2m (63'—1")
A0S #1
Digital Video #8
u A0S #4
{21 4m [70-47 97.5m [320] WVC #3
Hyster
ADS #3
Digital Video #7
VG #5
{panning) t Qperating
Ll *2 Speed
No. Type (frames/sec) Lens Lens Setting|
2 1 |Vitcam CTM 500 Fixed 12 5mm -
% _§ 2 |vitcam CTM 500 Sigma 24-135 70
55 | 3 |vitcam CTM 500 Fixed 50mm -
T 4 |Vitcam CTM S00 Sigma 70-200 135
2 |WNC - GZ-MC40(Everio) 29.97
_§ 3 |WC - GZ-MC40(Everia) 29.97
= 4 |WC - GZ-MC40(Everia) 29.97
% 5 |WNC - GZ-MC40(Everio) 29.97
& | 7 |canon-ZR9D 29.97
8 |Canon-ZR80 2997

Figure 10. Locations of Cameras, Test NYTCB-1
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QOperating
Speed Lens
No. Type {frames/sec) Lens Setting
2 1 |Vitcam CTM 500 Fixed 12.5mm -
%_g 2 |vitcam cTMm 500 Sigma Zoom 24-70 70
S5 | 3 |Vitcam CTM 500 Fixed 50mm -
S 4 |Vitcam CTM 500 Sigma 70-200 135
1 |WNC - GEZ-MC500 (Everia) 2997
& 2 |JVC - GZ-MC40u {Everio) 28.97
ﬁ 3 |WC - GZ-MC40u (Everia) 2997
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il Digital Video #7
(Panning) »
JVC #5

Figure 11. Locations of Cameras, Test NYTCB-2
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Speed
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% 4 |Viteam CTM 500 Sigma 70-200 135
fu 7 VIS G2 500 Sigma 24-135 100
T 1 17 [Mini vis 500 Fixed 12.5mm -
1 | WC - GZ-MC500 (Everio) 29.97
2 |WNC - GZ-MC40u (Everio) 29.97
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Figure 12. Locations of Cameras, Test NYTCB-3
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S DESIGN DETAILS - DESIGN NO. 1
5.1 Design Considerations
The NYSDOT designed and developed a box-beam stiffening system that was compatible

with crashworthy, temporary concrete barrier sections and for the purpose of improving worker
safety by reducing barrier deflections into active work-zones. For the stiffening system, several
design considerations were required in order to allow the stiffened, temporary concrete barrier
system to be practical and to meet real-world construction tolerances. First, it was necessary for the
stiffening system to accommodate both vertical and horizontal alignment changes. Second,
anchorage of the stiffening system to the barrier sections should be capable of transferring the
impact loads while developing the flexural capacity of the box beam section. Finally, any portion
of the stiffening system placed on the traffic-side face of the barrier must not significantly decrease
the barrier’s acceptable safety performance.
5.2 System Details

The 60.96-m (200-ft) long test installation consisted of box beam stiffened temporary
concrete barrier sections in a free-standing configuration with both end sections anchored, as shown
in Figures 13 through 23. The ten 6,096-mm (20-ft) long, temporary concrete barrier sections were
placed on the tarmac with the first and last sections attached to the concrete. Box beam stiffeners
were attached at three joints, as shown in Figures 24 and 25. The corresponding English-unit
drawings are shown in Appendix A. Photographs of the test installation are shown in Figures 24
through 28.

The concrete used for the barrier sections consisted of a concrete mix with a minimum 28-
day compressive strength of 21.0 MPa (3,000 psi). A minimum concrete cover of 38 mm (1.5 in.)

was used along all rebar in the barrier. All the steel reinforcement in the barrier was ASTM A615
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Grade 60 rebar. The section reinforcement details are shown in Figures 13 through 16.

Section reinforcement 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.
Each of the two lower longitudinal rebar was 5.83 m (19 ft - 1.5 in.) long, while each of the upper
two longitudinal rebar was 5.89 m (19 ft - 4 in.) long. The vertical spacings of the lower and upper
longitudinal bars was 171 mm (6.75 in.) and 648 mm (2 ft - 1.5 in.) from the ground to their centers,
respectively. The vertical stirrup spacing varied longitudinally, as shown in Figure 15. The upper
and lower lateral bars were 152 mm (6 in.) and 356 mm (14 in.) long, respectively. The vertical
spacings of the lower and upper lateral bars were 191 mm (7.5 in.) and 476 mm (18.75 in.) from the
ground to their centers, respectively. The 865-mm (34.0625-1n.) long, anchor hole loops were bent
into a U-shape, and they reinforced the anchor hole area, as shown in Figures 15 and 16.

The barrier sections used a connection key, as shown in Figures 17 through 20. The
connection key was comprised of ASTM A36 13-mm (0.5-1n.) thick, steel plates welded together
to form the key shape. Two stiffeners were welded to the top plate with their interior faces in contact
with the I-beam shape and 7.9 mm (0.31 in.) up from the bottom of the top plate, as shown in
Figures 17 through 19.

A connection key was configured at each end of the section, as shown in Figure 15. The
connection key consisted of one ASTM A500 steel tube and three ASTM A36 steel plates. Three
U-shaped plates were welded on to the sides of the tube, as shown in Figure 20. A steel drop pin was
inserted into the steel tubes of two adjoining sections to form the connection, as shown in Figure 17.

The end sections were fastened to the tarmac with nine 25-mm (1-in.) diameter by 394-mm
(15.5-1n.) long, A36 steel rods, five anchors and four anchors on the traffic and back sides,

respectively, as shown in Figure 14. Each anchor rod was driven into a hole drilled in the concrete
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to an embedment depth of 127 mm (5 in.), as shown in Figure 13.

The three joints between barrier nos. 4 and 7 were stiffened with a box beam section, as
shown in Figures 13 and 21 through 23. Each box beam stiffener consisted of a 152-mm x 152-mm
X 4.8-mm (6-in. X 6-in. X 0.1875-m.) ASTM A500 Grade C box beam, which was 3,658 mm (12 ft)
long. Two 19-mm (0.75 in.) holes were drilled through the barriers at an angle of 6 degrees, as
shown in Figure 22. The box beams were connected to the barriers with 19-mm (0.75-in.) diameter
by 432-mm (17-1n.) long, Grade 5 continuously threaded rod and two 19-mm (0.75-in.) diameter
nuts. An 83-mm (3.25-1in.) outside diameter x 22-mm (0.875-1n.) inside diameter X 9.5-mm (0.375-
in.) thick Grade 5 fender washer was placed on the traffic side of the barrier between the barrier and the
nut. A 203-mm x 203-mm X 6.4-mm (8-1n. x 8-in. x 0.25-1n.) A36 steel plate was placed on the back side
of the barrier between the nut and the box beam section, as shown in Figure 21.
5.3 Special Features

As shown in Figure 23, the holes placed within the ends of the box beam stiffening rails were
oversized. The oversized holes were utilized to allow for vertical alignment changes in the barrier
system. For horizontal alignment changes, shim washers were designed for use when placed between
the box beam rail and the back-side face of the temporary concrete barrier sections, as shown in
Figure 21. Threaded rods were used to attach the box beam rails to the barrier sections. The length
of the rods, or alternative hex head or dome head bolts, should possess sufficient length to allow for
the placement of shims, if needed. As depicted in Figures 13, 21, and 23, large plate washers were
used to retain the box beam rails and transfer the rod load to the top and bottom webs of each
stiffening rail, rather than allowing the rod and nut to bend the washer into each beam’s bearing
flange. Finally, the size of the box beam stiffening rail was selected to be consistent with the

standard sizes used for the NYSDOT’s box beam guide rail and median barrier.
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Figure 24. Box Beam Stiffened Temporary Concrete Barrier, Test NYTCB-1
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Figure 25. Box Beam Stiffeners, Test NYTCB-1
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Figure 26. Box Beam Stiffener Attachment Bolts, Test NYTCB-1
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Figure 27. Connection Key, Test NYTCB-1
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Figure 28. Anchored Barrier Ends, Test NYTCB-1
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6 FULL-SCALE CRASH TEST NO. 1

6.1 Test NYTCB-1

The 2,275-kg (5,016-1b) pickup truck impacted the stiffened temporary concrete barrier
system at a speed of 99.5 km/h (61.8 mph) and at an angle of 24.6 degrees. A summary of the test
results and sequential photographs are shown in Figure 29. An English-unit summary of the test
results and sequential photographs are shown in Appendix B. Additional sequential photographs are
shown in Figures 30 through 32. Documentary photographs of the crash test are shown in Figures
33 and 34.
6.2 Test Description

Initial vehicle impact was to occur 1,300 mm (51.2 in.) upstream from the downstream end
of barrier no. 4, as shown in Figure 35. Actual vehicle impact occurred at the targeted impact
location. At 0.004 sec, the left-front quarter panel crushed inward. At 0.010 sec, the left-front tire
became airborne. At 0.018 sec, barrier no. 4 deflected backward. At 0.022 sec, barrier no. 5
deflected backward. At 0.024 sec, the left-front tire ruptured as the tire was compressed between the
vehicle and barrier no. 4. At 0.034 sec, the hood became ajar. At 0.042 sec, the front of the vehicle
pitched upward. At 0.054 sec, the stiffener connecting barrier nos. 4 and 5 bent significantly. At this
same time, the vehicle redirected. At 0.088 sec, the stiffener between barrier nos. 5 and 6 deflected.
At 0.102 sec, the right-front tire became airborne. At 0.178 sec, barrier nos. 3 and 6 deflected. At
0.216 sec, the vehicle became parallel to the system with a resultant velocity of 85.4 km/h (53.1
mph). At 0.230 sec, the left-front bumper corner scraped along the top of barrier no. 5. At 0.242 sec,
the stiffener between barrier nos. 6 and 7 deflected. At 0.244 sec, the left-rear tire contacted the
system. At this same time, the front of the vehicle pitched downward. At 0.300 sec, the vehicle

became airborne as the right-rear tire left the ground. At 0.394 sec, the vehicle rolled away from the
43



system. At 0.402 sec, barrier no. 7 deflected with the vehicle positioned at the downstream end of
barrier no. 6. At 0.468 sec, the right-front tire contacted the ground. At 0.486 sec, the system reached
its maximum deflection. At 0.512 sec, barrier no. 8 deflected. At 0.524 sec, the front bumper
contacted the ground. At this same time, the vehicle reached its maximum pitch angle. At 0.842 sec,
the vehicle redirected toward the system. At 0.892 sec, the vehicle rolled toward the system. At
1.050 sec, the left-front bumper corner contacted barrier no. 8. At 1.534 sec, barrier no. 9 deflected
backward. At 1.610 sec, barrier no. 10 pivoted about the anchored base with the vehicle positioned
at its midline. At 1.890 sec, the vehicle redirected away from the system. At 1.942 sec, the vehicle
exited the system at an angle of 7 degrees and at a resultant velocity of 62.9 km/h (39.1 mph). The
vehicle came to rest 62.26 m (204 ft - 3 in.) downstream from impact and 4.57 m (15 ft) laterally
behind a line projected parallel to the traffic-side face of the barrier. The trajectory and final position
of the pickup truck are shown in Figures 29 and 36.

6.3 Barrier Damage

Damage to the barrier was moderate, as shown in Figures 37 through 41. Barrier damage
consisted of contact marks, concrete cracking, barrier spalling, cracks, and deformed box beam
sections. The length of vehicle contact along the system was approximately 38.3 m (125.8 ft), which
spanned from 1.75 m (5 ft - 9 in.) upstream from the downstream end of barrier no. 4 through the
downstream end of barrier no. 10.

Contact and tire marks were visible on the front face of barrier nos. 4 through 10. The back
side of barrier no. 3 experienced concrete spalling 152 mm (6 in.) wide and 356 mm (14 in.) in
height. The back upstream end of barrier no. 4 experienced concrete spalling 584 mm (23 in.) wide
and 254 mm (10 in.) tall. The front downstream edge of barrier no. 4 also experienced concrete

spalling 305 mm (12 in.) wide and 178 mm (7 in.) tall. A 381-mm (15-in.) wide by 127-mm (5-in.)
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tall area of concrete spalling was found on the back side of barrier no. 5, beginning 762 mm (30 in.)
downstream from the barrier’s upstream end. The front side of barrier no. 5 also experienced
concrete spalling 102 mm (4 in.) wide and 178 mm (7 in.) tall. Concrete spalling occurred on the
top-front upstream end of barrier no. 6, measuring 51 mm (2 in.) wide by 76 mm (3 in.) tall. The
bottom-front face of barrier no. 6 also experienced concrete spalling at 1,168 mm (46 in.)
downstream from the upstream end, measuring 152 mm (6 in.) wide by 76 mm (3 in.) tall. Minor
concrete spalling occurred at the bottom-front face of barrier no. 6, measuring 102 mm (4 1n.) tall
and 1,219 mm (48 in.) long. The back side of barrier no. 6 experienced significant concrete spalling,
measuring 102 mm (4 in.) wide by 76 mm (3 1n.) tall at the bottom-downstream corner of the barrier.
Concrete spalling on the back side of barrier no. 6, measuring 127 mm (5 in.) wide by 76 mm (3 in.)
tall, occurred at 838 mm (33 in.) upstream from the downstream end of the barrier. A 178-mm (7-1n.)
wide by 102-mm (4-1n.) tall area of concrete spalling was found on the back side 533 mm (21 in.)
downstream from the upstream end of barrier no. 7.

A 76-mm (3-1n.) long crack was found on the back side of barrier no. 3 and began 1,219 mm
(48 in.) from the downstream end of the barrier. Cracks were found on the back side of barrier no.
4at2,997 mm (118 in.), 3,658 mm (144 in.), and 4,699 mm (185 in.) downstream of the upstream
end of the barrier. Hairline cracking was found on the back side at the downstream end of barrier
no. 4 and at the upstream and downstream ends of barrier no. 5. Cracks were also found on the back
side of barrier no. 5 and spanned from the top to the bottom of the barrier and were located 1,295
mm (51 in.), 1,828 mm (72 in.), 2,413 mm (95 in.), 3,073 mm (121 in.), and 3,683 mm (145 in.)
downstream from the upstream end of the barrier. Two hairline cracks spanned the height of the
front side of barrier no. 6 at 1,803 mm (71 in.) and 3,048 mm (120 in.) downstream of the upstream

end of the barrier.
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The joint between barrier nos. 2 and 3 was observed to have widened from its pre-test width.
The joint between barrier nos. 3 and 4 rotated. The box beam stiffeners all experienced minor
bending. The box beam rods at the front-downstream end of barrier no. 4 and front-upstream end
of barrier no. 5 were sheared off. The downstream box beam rod was bent at the front of barrier no.
5. All connection keys remained undamaged. The anchor rods in barrier nos. 1 and 10 remained
undamaged, and these barriers experienced no movement. Minor bending of the plate washers was
observed. No buckling of the box beam webs nor bending of the box beam flanges was observed
under the plate washers.

The permanent set of the barrier system 1s shown in Figure 37. The maximum lateral
permanent set barrier deflection was 660 mm (26 in.) at the downstream end of barrier no. 4 and the
upstream end of barrier no. 5, as measured in the field. The maximum lateral dynamic barrier
deflection was 700 mm (27.6 in.) 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 1,311 mm (51.6 in.).
6.4 Vehicle Damage

Exterior vehicle damage was moderate, as shown in Figures 42 and 43. Occupant
compartment deformations to the left side and center of the floorboard were judged insufficient to
cause serious injury to the vehicle occupants. Maximum longitudinal deflections of 19 mm (0.751n.)
were located near the left-front corner of the left-side floor pan. Maximum lateral deflections of 38
mm (1.5 in.) were located near the left-front corner of the floorboard. Maximum vertical deflections
of 32 mm (1.25 in.) were located near the left front of the floorboard. Complete occupant
compartment deformations and the corresponding locations are provided in Appendix C.

Damage was concentrated on the left-front corner of the vehicle. The left corner of the front

bumper deformed inward and the right side was detached. The left-front tire’s side walls were
46



punctured, and the tire deflated. The left-front quarter panel experienced scrapes above the wheel
well and was deformed inward. The right-front quarter panel deformed inward and buckled near the
hood. The left side experienced scrapes, contact marks, and dents. The left-rear wheel assembly
disengaged from the vehicle. The tailgate, which experienced minor scraping and denting,
disengaged, except that it remained attached by the right-side cable. The hood’s front center was
dented. The left headlight and left taillight disengaged from their housings. The lower-right side of
the windshield experienced “spider-web” cracking. The lower-left side of the windshield
experienced a crack that propagated to the center of the windshield. The roof and all other window
glass remained undamaged.
6.5 Occupant Risk Values

The longitudinal and lateral occupant impact velocities were determined to be -4.67 m/s
(-15.32 ft/s) and 6.33 m/s (20.77 ft/s), respectively. The maximum 0.010-sec average occupant
ridedown decelerations in the longitudinal and lateral directions were 4.72 g’s and 8.36 g’s,
respectively. It 1s noted that the occupant impact velocities (OIV) and occupant ridedown
decelerations (ORD) were within the suggested limits provided in the currently proposed Update
to NCHRP Report No. 350. The THIV and PHD values were determined to be 7.45 m/s (24.44 ft/s)
and 8.71 g’s, respectively. The results of the occupant risk, as determined from the accelerometer
data, are summarized in Figure 29. Results are shown graphically in Appendix D. The results from
the rate transducer are shown graphically in Appendix D.
6.6 Discussion

The analysis of the test results for test no. NYTCB-1 showed that the stiffened temporary
concrete barrier system with anchored ends adequately contained and redirected the 2270P vehicle

with controlled lateral displacements of the barrier system. There were no detached elements nor
47



fragments which showed potential for penetrating the occupant compartment nor presented undue
hazard to other traffic. Deformations of, or intrusion into, the occupant compartment that could have
caused serious mnjury did not occur. The test vehicle did not penetrate nor ride over the barrier
system and remained upright during and after the collision. Vehicle roll, pitch, and yaw angular
displacements were noted, but they were deemed acceptable because they did not adversely
influence occupant risk safety criteria nor cause rollover. After collision, the vehicle’s trajectory
revealed minimum intrusion into adjacent traffic. In addition, the vehicle exited the barrier within
the exit box. Therefore, test no. NYTCB-1 conducted on the stiffened temporary concrete barrier
system with anchored end barriers was determined to be acceptable according to the TL-3 safety
performance criteria of test designation no. 3-11 found in the currently proposed Update to NCHRP
Report No. 350.

During the test, the anchor rods and nuts on the front-downstream end of barrier section no. 4
and the front-upstream end of barrier section no. 5, used to attach the box beam to the barrier, were
sheared off. This result likely occurred as the vehicle was in contact with the barrier face and snagged
on the protruding threaded rods and nuts. It should be noted that the rod and nut provide restraint for the
box beam and the resulting barrier stiffening. As such, it is recommended that future design variations
attempt to reduce the snag potential on the rod and nut as barrier deflections may increase with premature
rod fracture. One alternative would be to incorporate dome head bolts on the traffic-side face of the

barrier. This option was suggested during the construction of the barrier system.
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Figure 29. Summary of Test Results and Sequential Photographs, Test NYTCB-1
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Figure 30. Additional Sequential Photographs, Test NYTCB-1
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Figure 31. Additional Sequential Photographs, Test NYTCB-1
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Figure 32. Additional Sequential Photos, Test NYTCB-1
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Figure 33. Documentary Photographs, Test NYTCB-1
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Figure 34. Documentary Photographs, Test NYTCB-1
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Figure 35. Impact Location, Test NYTCB-1
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Figure 36. Vehicle Final Position and Trajectory Marks, Test NYTCB-1
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Figure 37. Temporary Barrier Damage, Test NYTCB-1
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Figure 38. Temporary Barrier Damage, Test NYTCB-1
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Figure 39. Barrier No. 5 Damage, Test NYTCB-1
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Figure 40. Joint Connection Damage - Joints 2-3, 3-4, 4-5, and 5-6, Test NYTCB-1



Figure 41. Temporary Barrier Box Beam Stiffener Damage, Test NYTCB-1
61



Figure 42. Vehicle Damage, Test NYTCB-1



Figure 43. Vehicle Damage, Test NYTCB-1
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7 DESIGN DETAILS - DESIGN NO. 2
The temporary concrete barrier system was identical to the previous system, except that the
box beam stiffeners were removed, as shown in Figure 44. Once again, the 60.96-m (200-ft) long
test installation consisted of temporary concrete barrier sections in a free-standing configuration with
both end sections anchored. The system was constructed with the identical concrete barrier sections,
connection keys, and anchored ends as in the stiffened system. Photographs of the test installation
are shown 1n Figures 45 and 46. Complete system drawings in English and metric units are shown

in Appendix E.
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Figure 45. Unstiffened Temporary Concrete Barrier, Test NYTCB-2
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Figure 46. New York Temporary Concrete Barrier, Test NYTCB-2
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8 FULL-SCALE CRASH TEST NO. 2

8.1 Test NYTCB-2

The 2,279-kg (5.,024-1b) pickup truck impacted the unstiffened temporary concrete barrier
system at a speed of 98.5 km/h (61.2 mph) and at an angle of 25.8 degrees. A summary of the test
results and the sequential photographs are shown in Figure 47. An English-unit summary of the test
results and sequential photographs are shown in Appendix B. Additional sequential photographs are
shown in Figures 48 through 50. Documentary photographs of the crash test are shown in Figures
51 through 55.
8.2 Test Description

Initial vehicle impact was to occur 1,300 mm (51.2 in.) upstream from the downstream end
of barrier no. 4, as shown in Figure 56. Actual vehicle impact occurred at the targeted impact
location. Immediately after impact, the left-front quarter panel crushed inward. At0.010 sec, barrier
nos. 4 and 5 deflected away from traffic. At 0.012 sec, the left-front tire climbed the front face of
barrier no. 4. At 0.032 sec, the vehicle yawed as it redirected. At 0.034 sec, the left-front quarter
panel protruded over the top of the barrier. At 0.040 sec, the back side of barrier no. 4 experienced
concrete spalling which disengaged from the barrier. At0.042 sec, the vehicle climbed the front face
of the system, and the vehicle’s front end pitched upward. At 0.054 sec, concrete spalling occurred
at the downstream end on the back side of barrier no. 3. At 0.056 sec, barrier no. 6 deflected
backward due to movement of barrier no. 5. At 0.196 sec, barrier no. 7 deflected toward traffic. At
0.210 sec, barrier no. 3 moved slightly downstream. At 0.216 sec, the vehicle became parallel to the
barrier with a resultant velocity of 82.7 km/h (51.4 mph). As the truck continued to redirect, it rolled
toward the system. At 0.282 sec, the right-rear tire became airborne which resulted in the entire

vehicle becoming airborne. At0.296 sec, the front of the vehicle reached its maximum pitch upward
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and began pitching downward. At 0.420 sec, the vehicle exited the system at an angle of 4.7 degrees
and a resultant velocity of 72.8 km/h (45.2 mph). At 0.554 sec, the right-front tire contacted the
ground. At 0.556 sec, the right-front corner of the bumper contacted the ground. The vehicle
continue downstream before coming to rest 58.8 m (192 ft - 11.5 in.) downstream from impact and
2.0 m (6 ft - 5 in.) laterally away from the traffic-side face of the barrier. The trajectory and final
position of the truck are shown in Figures 47 and 57.

8.3 Barrier Damage

Damage to the barrier was moderate, as shown in Figures 58 through 61. Barrier damage
consisted of tire and gouge marks, concrete barrier cracking, and spalling concrete. The length of
the vehicle contact along the system was approximately 13.97 m (45.8 ft), which spanned from 1.78
m (70 in.) upstream from the downstream end of barrier no. 4 through the downstream end of barrier
no. 6.

Contact marks were visible on the front face of barrier nos. 4 through 6. Tire marks were
found 1,778 mm (70 in.) upstream from the downstream end of barrier no. 4 and continued through
the downstream end of barrier no. 5. Tire marks were also found beginning at the midpoint of barrier
no. 6 and continued through the end of barrier no. 6. Blue contact marks were found on barrier nos.
4 and 5.

Cracking was found on the front and back sides of barrier no. 4 from the center of the barrier
to the downstream end. Major cracking was found throughout the front and back sides of barrier no.
5. Minor cracking was also found throughout the length of barrier no. 6 and on both the front and
back sides.

The lower downstream-back corner of barrier no. 2 experienced concrete spalling measuring

127 mm (5 in.) wide and 102 mm (4 in.) tall. The lower upstream-back corner of barrier no. 3 also
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experienced concrete spalling measuring 76 mm (3 in.) wide and 229 mm (9 in.) tall. Barrier no. 4
experienced major concrete spalling at the lower front-downstream corner with a 305-mm (12-in.)
wide by 254-mm (10-1in.) tall piece removed. Minor concrete spalling began at impact and extended
for a length of 1,194 mm (47 in.) downstream at the lower face of barrier no. 4. Major concrete
spalling 229 mm (9 in.) wide by 305 mm (12 in.) tall was found on the upstream-front side of the
top of barrier no. 5. The upper upstream-back corner of barrier no. 5 experienced concrete spalling
measuring 152 mm (6 in.) wide by 178 mm (7 in.) tall. The upper downstream-back corner of barrier
no. 5 also experienced concrete spalling measuring 76mm (3 in.) wide by 279mm (11 in.) tall. The
lower-front face of barrier no. 5 experienced major concrete spalling 229 mm (9 in.) wide and 279
mm (11 in.) tall. A 711-mm (28-in.) long by 330-mm (13 in.) tall piece of concrete was removed
from the lower-upstream end of the front side of barrier no. 6. Minor concrete spalling was located
on the lower upstream-back side of barrier no. 6. Concrete spalling measuring 51mm (2 in.) wide
and 254 mm (10 in.) tall was found on the upper-upstream corner of barrier no. 7.

All connection keys remained undamaged. The anchor rods in barrier nos. 1 and 10 remained
undamaged, and these barriers encountered little to no movement.

The permanent set of the barrier system is shown in Figures 58 and 59. The maximum lateral
permanent set barrier deflection was 1,003 mm (39.5 in.) at the downstream end of barrier no. 4 and
the upstream end of barrier no. 5, as measured in the field. The maximum lateral dynamic barrier
deflection was 1,023 mm (40.25 1n.) at the midpoint of barrier no. 5, as determined from high-speed
digital video analysis. The working width of the system was found to be 1,630 mm (64.2 in.).

8.4 Vehicle Damage
Exterior vehicle damage was moderate, as shown in Figures 62 and 63. Occupant

compartment deformations to the left side and center of the floorboard were judged insufficient to
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cause serious injury to the vehicle occupants, as shown in Figure 64. Maximum longitudinal
deflections of 76 mm (3 in.) were located near the left-front corner of the left-side floor pan.
Maximum lateral deflections of 25 mm (1 in.) were located near the front center of the left-side floor
pan. Maximum vertical deflections of 70 mm (2.75 in.) were located near the middle-front area of
the left-side floor pan. Complete occupant compartment deformations and the corresponding
locations are provided in Appendix C.

Damage was concentrated on the left-front corner of the vehicle. The left-front and right-
front quarter panels buckled inward toward the engine compartment. The left corner of the front
bumper deformed and both sides were partially detached from the vehicle. The left-front tire’s side
wall experienced a 127-mm (5-1n.) long gash, and the tire deflated. The left-front wheel assembly
was deformed into the wheel well. A small gouge was found in the left-rear tire, and the tire
deflated. The left-front door was ajar at the top. Scrape marks and dents were found at the bottom
of the left front and left-rear doors, the left-front and right-front quarter panels, the left-rear corner
of the box, and the right-rear corner of the cab. The left side of the box portion separated from the
cab. The left-rear axle deformed upward. The left-side headlight and taillight disengaged from the
vehicle. The left side of the rear bumper buckled inward. The tailgate disengaged, except it remained
attached by the left-side cable. The front frame on the left side was deformed. The left-side upper
control arm and pin were bent and scraped. All window glass in the vehicle remained undamaged.
8.5 Occupant Risk Values

The longitudinal and lateral occupant impact velocities were determined to be -4.84 m/s

(-15.88 ft/s) and 6.32 m/s (20.74 ft/s), respectively. The maximum 0.010-sec average occupant
ridedown decelerations in the longitudinal and lateral directions were -5.44 g’s and 8.09 g’s,

respectively. It 1s noted that the occupant impact velocities (OIV) and occupant ridedown
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decelerations (ORD) were within the suggested limits provided in the currently proposed Update
to NCHRP Report No. 350. The THIV and PHD values were determined to be 7.59 m/s (24.89 ft/s)
and 8.19 g’s, respectively. The results of the occupant risk, as determined from the accelerometer
data, are summarized in Figure 47. Results are shown graphically in Appendix F. The results from
the rate transducer are shown graphically in Appendix F.
8.6 Discussion

The analysis of the test results for test no. NYTCB-2 showed that the unstiffened temporary
concrete barrier system with anchored ends adequately contained and redirected the 2270P vehicle
with controlled lateral displacements of the barrier system. There were no detached elements nor
fragments which showed potential for penetrating the occupant compartment nor presented undue
hazard to other traffic. Deformations of, or intrusions into, the occupant compartment that could
have caused serious injury did not occur. The test vehicle did not penetrate nor ride over the barrier
system and remained upright during and after the collision. Vehicle roll, pitch, and yaw angular
displacements were noted, but they were deemed acceptable because they did not adversely
influence occupant risk safety criteria nor cause rollover. After collision, the vehicle’s trajectory
revealed minimum intrusion into adjacent traffic lanes. In addition, the vehicle exited the barrier
within the exit box. Therefore, test no. NYTCB-2 conducted on the unstiffened temporary concrete
barrier system with anchored ends was determined to be acceptable according to the TL-3 safety
performance criteria of test designation no. 3-11 found in the currently proposed Update to NCHRP

Report No. 350.
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Figure 48. Additional Sequential Photographs, Test NYTCB-2
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Figure 49. Additional Sequential Photographs, Test NYTCB-2
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Figure 50. Additional Sequential Photographs, Test NYTCB-2
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Figure 51. Documentary Photographs, Test NYTCB-2
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Figure 52. Documentary Photographs, Test NYTCB-2
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Figure 53. Documentary Photographs, Test NYTCB-2
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Figure 54. Documentary Photographs, Test NYTCB-2
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Figure 55. Documentary Photographs, Test NYTCB-2
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Figure 56. Impact Location, Test NYTCB-2
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Figure 57. Vehicle Final Position and Trajectory Marks, Test NYTCB-2
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Figure 58. Temporary Barrier Damage, Test NYTCB-2
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Figure 59. Temporary Barrier Damage, Test NYTCB-2
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Figure 60. Barrier No. 5 Damage, Test NYTCB-2
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Figure 61. Joint Connection Damage for Joints 4-5, 5-6, and 6-7, Test NYTCB-2
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Figure 62. Vehicle Damage. Test NYTCB-2



Figure 63. Vehicle Damage, Test NYTCB-2
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Figure 64. Occupant Compartment Deformation, Test NYTCB-2
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9 DESIGN MODIFICATIONS - DESIGN NO. 3

The temporary concrete barrier system was identical to that of design no. 1, except for
changing the size of the box beam stiffener and placing the system adjacent to a vertical drop off,
as shown in Figures 65 and 68. For this installation, each box beam stiffener consisted of a 152-mm
X 203-mm X 6.4-mm (6-in. X 8-in. X 0.25-1n.) ASTM A500 Grade C box beam, which was 3,658 mm
(12 ft) long. The stiffeners were connected to the barrier sections with the same connecting rod,
except that the length was increased to 483 mm (19 in.), as shown in Figures 66 and 67. In addition,
the six joints between barrier section nos. 2 and 8 were stiffened with a box beam stiffener.
Furthermore, the system was installed with the back side of the sections placed 305 mm (12 in.)
away from the edge of a bridge deck, as shown in Figure 65. Once again, the size of the box beam
stiffening rail was selected to be consistent with the standard sizes used for the NYSDOT’s box
beam guide rail and median barrier.

The 60.96-m (200-ft) long, test installation consisted of temporary concrete barrier sections
in a free-standing configuration with both end sections anchored. The system was constructed with
identical concrete barrier sections, connection keys, and anchored ends as in the first and second
designs. Photographs of the test installation are shown in Figures 68 through 69. Complete system

drawings in English and metric units are shown in Appendix G.
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Figure 68. Box Beam Stiffened Temporary Concrete Barrier System, Test NYTCB-3
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Figure 69. Box Beam Stiffeners, Test NYTCB-3
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10 FULL-SCALE CRASH TEST NO. 3

10.1 Test NYTCB-3

The 2,268-kg (5,001-1b) pickup truck impacted the stiffened temporary concrete barrier
system at a speed of 102.2 km/h (63.5 mph) and at an angle of 24.4 degrees. A summary of the test
results and sequential photographs are shown in Figure 70. An English-unit summary of the test
results and sequential photographs are shown in Appendix B. Additional sequential photographs are
shown in Figures 71 through 73. Documentary photographs are shown in Figures 74 and 75.
10.2 Test Description

Initial vehicle impact was to occur 1,300 mm (51.2 in.) upstream from the downstream end
of barrier no. 4, as shown in Figures 65 and 76. Actual vehicle impact occurred at the targeted
impact location. At 0.004 sec after impact, the right corner of the front bumper crushed mward. At
0.010 sec, the right-front tire climbed barrier no. 4. At 0.014 sec, the right-front tire ruptured as the
tire was compressed between the vehicle and barrier no. 4. At 0.018 sec, barrier no. 4 deflected
backward. At this same time, the box beam stiffener between barrier nos. 4 and 5 bent away from
the barriers. At 0.026 sec, the right-front tire was airborne and in contact with the front face of
barrier no. 4. At 0.028 sec, the hood became ajar. At0.030 sec, barrier no. 5 deflected backward. At
0.032 sec, the vehicle redirected as the front of the vehicle was located near the joint between barrier
nos. 4 and 5. At 0.036 sec, the front of the vehicle pitched upward. At 0.040 sec, the box beam
stiffeners located at the joints between barrier nos. 3 and 4 and barrier nos. 5 and 6 bent away from
the barriers. At 0.042 sec, the right-front door became ajar. At 0.056 sec, small concrete pieces
disengaged at the joint between barrier nos. 3 and 4 as barrier no. 4 rotated. At 0.082 sec, concrete
pieces disengaged from the base of barrier no. 5 as the barrier continued to deflect backward. At this

same time, the right-side headlight disengaged from the vehicle. At0.084 sec, the back-downstream
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corner of barrier no. 5 cracked. At 0.088 sec, barrier nos. 3 and 6 deflected backward. At 0.100 sec,
the back-upstream corner of barrier no. 5 cracked. At 0.114 sec, the box beam stiffener between
barrier nos. 2 and 3 bent away from the barriers. At 0.116 sec, the left-front tire became airborne
with the front of the vehicle located at the middle of barrier no. 5. At 0.152 sec, the box beam
stiffener between barrier nos. 6 and 7 bent away from the barriers. At 0.160 sec, the joint between
barrier nos. 4 and 5 protruded beyond the edge of the bridge deck. At 0.172 sec, barrier no. 7
deflected backward. At0.178 sec, the right-rear tire contacted the upstream end of barrier no. 5, and
the entire right side of the vehicle was in contact with the system. At 0.192 sec, the right-rear tire
climbed the front face of barrier no. 5. At 0.210 sec, the vehicle became parallel to the system with
a resultant velocity of 80.7 km/h (50.1 mph). At 0.214 sec, the box beam stiffener between barrier
nos. 6 and 7 bent. At 0.222 sec, the front of the vehicle ceased pitching upward. At 0.270 sec, the
vehicle’s right rear of the vehicle lost contact with the system. At 0.292 sec, the left-rear tire became
airborne. At 0.320 sec, the back-upstream corner of barrier no. 6 and the back edge of barrier no.
5 protruded beyond the edge of the bridge deck. At 0.374 sec, barrier nos. 4 and 5 ceased movement.
At 0.446 sec, the vehicle exited the system at an angle of 1.7 degrees and at a resultant velocity of
87.2 km/h (54.2 mph). At 0.498 sec, the system reached its maximum deflection. At 0.634 sec, the
vehicle rolled slightly clockwise toward the barrier. At 0.710 sec, the front bumper of the vehicle
contacted the ground, and the vehicle ceased pitching. At 0.786 sec, the right-front tire contacted
the ground. At 0.798 sec, the vehicle rolled slightly counterclockwise away from the barrier. At
0.950 sec, the right-rear tire contacted the ground, and the vehicle ceased rolling counterclockwise.
At 0.964 sec, the left-rear tire contacted the ground. The vehicle came to rest 57.69 m (189 ft- 3.25
in.) downstream from impact and 3.81 m (12 ft - 6 in.) laterally behind a line projected parallel to

the traffic-side face of the barrier. The trajectory and final position of the vehicle are shown in
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Figures 70 and 77.
10.3 Barrier Damage

Damage to the barrier was moderate, as shown in Figures 78 through 84. Barrier damage
consisted of contact and gouge marks, concrete barrier cracking, spalling of the concrete, and
deformed box beam sections. The length of vehicle contact along the temporary barrier system was
approximately 31.7 m (104 ft), which spanned from 1,783 mm (70.2 in.) upstream from the
downstream end of barrier no. 4 through 3,785 mm (149 in.) downstream from the upstream end of
barrier no. 5 and from 1,753 mm (69 in.) downstream from the upstream end of barrier no. 6 through
the downstream end of barrier no. 10.

Tire marks were visible on the front face of barrier nos. 4 through 10. Gouge marks were
found on the upstream front face of barrier no. 5.

Cracking was found on the front and back sides of barrier no. 3. One 3.2-mm (0.125 in.) wide
crack was found on the back side of barrier no. 3 and began 1,016 mm (40 in.) downstream from the
upstream end of the barrier. Three hairline cracks were found on the front side of barrier no. 3 and
began 1,676 mm (66 1n.), 2,388 mm (94 in.),and 3,658 mm (144 in.) downstream from the upstream
end of the barrier and traveled from the top to the bottom of the barrier. Major cracking was found
throughout the front and back sides of barrier nos. 4 and 5. Hairline cracks were located on the back
side of barrier no. 4 at 1,499 mm (59 in.), 2,413 mm (95 in.), 4,826 mm (190 in.), and 5,486 mm
(216 in.) downstream from the upstream end of barrier no. 4. Two 1.6-mm (0.06-in.) wide cracks
were located 3,048 mm (120 in.) and 3,607 mm (142 in.) downstream from the upstream end of the
barrier with the front side experiencing hairline cracks at the same locations. A 3.2-mm (0.13-1n.)
wide crack was located on the back side of barrier no. 4 at 4,242 mm (167 in.) downstream from the

upstream end of the barrier with the front side experiencing hairline cracking at the same location.
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A 1.6-mm (0.06-in.) wide crack was located on the back side at 3,073 mm (121 in.) downstream
from the upstream end of barrier no. 5. Three 6.4-mm (0.25-1n.) cracks were found on the back side
of barrier no. 5 at 1,422 mm (56 in.), 1,829 mm (72 in.), and 2,515 mm (99 in.) downstream from
the upstream end of the barrier with hairline cracks on the front side at these same locations. A 3.2-
mm (0.13-1in.) wide crack was also found on the back side of barrier no. 5 at 3,759 mm (148 in.)
downstream from the upstream end of the barrier with a hairline crack on the front side at this
location. A hairline crack was located on the front and back sides of barrier no. 5 at 4,597 mm (181
in.) downstream from the upstream end of the barrier. Minor hairline cracking was located on the
front of barrier no. 6 at 1,676 mm (66 in.), 2,337 mm (92 in.), 3,302 mm (130 in.), and 4,267 mm
(168 1n.) downstream from the upstream end of the barrier. One 1.6-mm (0.06-1n.) wide crack was
found on the front and back sides of barrier no. 7 at 1,829 mm (72 in.) downstream from the
upstream end of the barrier.

Concrete spalling occurred on barrier nos. 3 through 7. The downstream corner of barrier no.
3 experienced minor concrete spalling. A 737-mm (29-1n.) long and 216-mm (8.5-1n.) tall piece of
concrete was removed from the front side of barrier no. 4 near impact. Minor concrete spalling was
found on the back-upstream end of barrier no. 4, the lower-front face of barrier no. 5, and the front
faces of barrier nos. 6 and 7. A 686-mm (27-in.) long by 483-mm (19-in.) tall piece of concrete was
removed from the lower back-downstream corner of barrier no. 5, and exposed the steel rebar.

The box beam stiffener located across the joint between barrier nos. 4 and 5 sustained
significant bending. The box beam stiffener placed across the joints between barrier nos. 2 and 3,
3 and 4, 5 and 6, and 6 and 7 experienced minor bending. The box beam rods on the front sides of
barrier nos. 4 through 6 were bent, and scrape marks were found on the corresponding nuts and

washers. All connection keys remained undamaged, except for minor contact marks. The anchor
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rods in barrier nos. 1 and 10 remained undamaged, and these barriers experienced no movement.
Minor bending of the plate washers was observed. No buckling of the box beam webs or bending
of the box beam flanges was observed with the plate washers.

The permanent set of the barrier system is shown in Figure 78. The maximum lateral
permanent set barrier deflection was 660 mm (26 in.) at the downstream end of barrier no. 4, as
measured in the field. The center of gravity of barrier no. 5 was displaced 19 mm (0.75 in.) off of
the bridge deck edge. The maximum lateral dynamic barrier deflection was 784 mm (30.9 in.) at the
upstream end of barrier no. 5, as determined from high-speed digital analysis. The working width
of the system was found to be 1,304 mm (51.3 in.).

10.4 Vehicle Damage

Exterior vehicle damage was moderate, as shown in Figures 85 and 86. Occupant
compartment deformations to the right side and center of the floorboard were judged insufficient to
cause serious injury to the vehicle occupants, as shown in Figure 87. Maximum longitudinal
deflections of 89 mm (3.5 in.) were located near the middle-front area of the right-side floor pan.
Maximum lateral deflections of 16 mm (0.625 in.) were located near the right-front door. Occupant
compartment deformations and the corresponding locations are provided in Appendix C.

Damage was concentrated on the right-front corner of the vehicle. The right-front quarter
panel deformed inward toward the engine compartment. The hood and the top of the right-side door
were ajar. Scrapes and contact marks were found along the entire right side. The right-front wheel
assembly rotated 36 degrees from normal position. The edge of the right-front steel rim was
deformed and cracked. The right-front tire’s sidewall was torn, and the tire deflated. The right-rear
steel rim was deformed, and the tire deflated. The right-side upper control arm link to the power

steering cylinder fractured. The right-side headlight disengaged from the vehicle. The lower-left side
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of the windshield had “spider-web” cracking. The roof, left side, and rear of the vehicle and all other
window glass remained undamaged.
10.5 Occupant Risk Values

The occupant impact velocities and the occupant ridedown decelerations were calculated
from both the DTS and the EDR-3. From the DTS, the longitudinal and lateral occupant impact
velocities were determined to be -4.77 m/s (-15.64 ft/s) and 6.06 m/s (19.88 ft/s), respectively. From
the EDR-3 data, the longitudinal and lateral occupant impact velocities were determined to be -5.32
m/s (-17.44 ft/s) and 6.86 m/s (22.50 ft/s), respectively. The maximum 0.010-sec average occupant
ridedown decelerations in the longitudinal and lateral directions were -7.15 g’s and 6.64 g’s,
respectively, as determined by the DTS data. The maximum 0.010-sec average occupant ridedown
decelerations in the longitudinal and lateral directions were -7.85 g’s and 5.83 g’s, respectively, as
determined from the EDR-3 data. It is noted that the occupant impact velocities (OIV) and the
occupant ridedown decelerations (ORD) were within the suggested limits provided in currently
proposed Update to NCHRP Report No. 350. The THIV and PHD values were determined to be 7.25
m/s (23.77 ft/s) and 7.93 g’s, respectively. The results of the occupant risk, as determined from the
accelerometer data, are summarized in Figure 70. Results are shown graphically in Appendix H.
Results from the rate transducer are shown graphically in Appendix H.
10.6 Discussion

The analysis of the test results for test no. NYTCB-3 showed that the stiffened temporary
concrete barrier system with anchored ends adequately contained and redirected the 2270P vehicle
with controlled lateral displacements of the barrier system. There were no detached elements nor
fragments which showed potential for penetrating the occupant compartment nor presented undue

hazard to other traffic. Deformations of, or intrusion into, the occupant compartment that could have
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caused serious injury did not occur. The test vehicle did not penetrate nor ride over the box beam
stiffened temporary concrete barrier system and remained upright during and after the collision.
Vehicle roll, pitch, and yaw angular displacements were noted, but they were deemed acceptable
because they did not adversely influence occupant risk safety criteria nor cause rollover. After
collision, the vehicle’s trajectory revealed minimum intrusion into adjacent traffic lanes. In addition,
the vehicle exited the barrier within the exit box. Therefore, test no. NYTCB-3 conducted on the
stiffened temporary concrete barrier system with anchored ends was determined to be acceptable
according to the TL-3 safety performance criteria of test designation no. 3-11 found in the currently

proposed Update to NCHRP Report No. 350.

103



0.116 sec
FL TIRE

—_—
‘—_—_-_“"\._\“‘
FR TIRE

| 57.69m

0.234 sec

I3,81m h

749

Appurtenance i Stiffened Temporary Concrete Barriers
TFoblTength oo iiiosiiiiiaiiomiiinn 60.96 m
Bamer Offset ... ocooooioimiiiiniinig 305 mm

.. New York TCB with Connection Keys
.. 6,096 mm

.. 610 mm

810 mm

25 mm ASTM A36 rod
.. 394 mm -
5 traffic-side, 4 back-side

¥01

.. 152 mm x 203 mm x 6.4 mm

.. 3,658 mm

.. 19 mm diameter x 483 mm long Grade 5
N/A .

22708
2003 Dodge Ram 1500 Quad Cab 4x2 .
2303 kg
.. 2268ks
2268 kg

1022 kam'h

24 4 degrees

1,300 mm upstream from downstream end of
barrier no. 4

872 kmh .
.. 1.7 degrees
Pass

Satisfactory
57.69 m downstream
3.81 m laterally behind

Figure 70. Summary of Test Results and Sequential Photographs, Test NYTCB-3

E10mm

SIDE WIEW

477Tms <122 mfs
6.06 m's <122 m/s

T15gs<2049gs
6.64g5<2049 g’

-532mfis< 122 mfs
6.86 m's <122 m/s

-785g'5<2049¢g’s
. 583g5<2049gs
. 7.25m/s

793g’s



0.398 sec 1.896 sec

Figure 71. Additional Sequential Photographs, Test NYTCB-3
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Figure 73. Additional Sequential Photographs, Test NYTCB-3
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Figure 74. Documentary Photographs, Test NYTCB-3
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Figure 75. Documentary Photographs, Test NYTCB-3
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Figure 76. Impact Location, Test NYTCB-3
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Figure 77. Vehicle Final Position and Trajectory Marks, Test NYTCB-3
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Figure 78. Box Beam Stiffened Temporary Barrier Damage, Test NYTCB-3
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Figure 79. Box Beam Stiffened Temporary Barrier Damage, Test NYTCB-3
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Figure 80. Box Beam Stiffened Temporary Barrier Damage, Test NYTCB-3
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Figure 81. Box Beam Stiffened Temporary Barrier Damage, Test NYTCB-3
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Figure 82. Joint Damage, Test NYTCB-3
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Figure 83. Joint Connection Damage, Test NYTCB-3
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Figure 84. Connector Rod Damage, Test NYTCB-3
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Figure 85. Vehicle Damage, Test NYTCB-3



Figure 86. Additional Vehicle Damage, Test NYTCB-3
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Figure 87. Occupant Compartment Deformation, Test NYTCB-3
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11 SUMMARY, CONCLUSIONS, AND DISCUSSION

This study set out to evaluate the potential for reducing barrier deflections through the use
of box beam stiffening on an acceptable NYSDOT TCB design. In addition, all safety performance
evaluations were to be performed using the criteria found in the currently proposed Update to
NCHRP Report No. 350. The systems were constructed with ten 6,096-mm (20-ft) long, temporary
concrete barrier sections utilizing a connection key between the barrier sections and with the first
and last sections anchored to the tarmac and subjected to full-scale vehicle crash testing. Three full-
scale crash tests were performed on the various temporary barrier systems. A summary of the safety
performance evaluation of each of the three tests is provided in Table 3.

The first full-scale crash test, testno. NYTCB-1, was performed on a stiffened version of the

temporary concrete barrier system according to test designation 3-11 of the currently proposed

Update to NCHRP Report No. 350. This system consisted of 3,658-mm (12-ft) long, box beam
stiffeners spanning each joint between barrier nos. 4 and 7. The box beam sections were configured
with 152-mm x 152-mm x 4.8-mm (6-in. X 6-in. X 0.1875-1n.) steel tubes. The first and last barrier
sections were anchored into the concrete. The test consisted of a 2,275-kg (5,016-1b) pickup truck
impacting the barrier system at a speed of 99.5 km/h (61.9 mph) and at an angle of 24.6 degrees,
resulting in an impact severity of 151.01 kJ (111.34 kip-ft). The impact point for this test was 1.3
m (4 ft - 3 3/16 1n.) upstream from the downstream end of barrier no. 4. The maximum permanent
set and dynamic deflections were 660 mm (26 in.) and 700 mm (27.6 in.), respectively. The test
results were found to meet all of the currently proposed Update to NCHRP Report No. 350 safety
requirements as the pickup truck was safely redirected and brought to a controlled stop.

The second full-scale crash test, testno. NYTCB-2, was performed on an unstiffened version

ofthe temporary concrete barrier system according to test designation 3-11 of the currently proposed
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Update to NCHRP Report No. 350. This system consisted of free-standing temporary concrete
barriers with the first and last barrier sections anchored to the concrete. The test consisted of a
2,279-kg (5,024-1b) pickup truck impacting the barrier system at a speed of 98.5 km/h (61.2 mph)
and at an angle of 25.8 degrees, resulting in an impact severity of 161.62 kJ (119.16 kip-ft). The
impact point for this test was 1.3 m (4 ft - 3 3/16 in.) upstream from the downstream end of barrier
no. 4. The maximum permanent set and dynamic deflections were 1,003 mm (39.5 in.) and 1,023
mm (40.3 in.), respectively. The test results were found to meet all of the currently proposed Update
to NCHRP Report No. 350 safety requirements as the pickup truck was safely redirected and
brought to a controlled stop.

The third full-scale crash test, test no. NYTCB-3, was performed on a stiffened version of
the temporary concrete barrier system according to test designation 3-11 of the currently proposed
Update to NCHRP Report No. 350. This system consisted of 3,658-mm (12-ft) long, box beam
stiffeners spanning each joint between barrier nos. 2 and 8. The box beam sections were configured
with 152-mm x 203-mm x 6.4-mm (6-1n. X 8-in. X 0.25-1n.) steel tubes. In addition, the system was
installed with the back side of the barriers placed 305 mm (12 in.) from the edge of a bridge deck.
The first and last barrier sections were anchored to the concrete. The test consisted of a 2,268-kg
(5,001-Ib) pickup truck impacting the barrier system at a speed of 102.2 km/h (63.5 mph) and at an
angle of 24 .4 degrees, resulting in an impact severity of 156.03 kJ (115.04 kip-ft). The impact point
for this test was 1.3 m (4 ft - 3 3/16 in.) upstream from the downstream end of barrier no. 4. The
maximum permanent set and dynamic deflections were 660 mm (26 in.) and 784 mm (30.9 in.),
respectively. The test results were found to meet all of the currently proposed Update to NCHRP
Report No. 350 safety requirements as the pickup truck was safely redirected and brought to a

controlled stop.
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Following a review of the test results, it was evident that all three crash tests were performed
with approximately the same impact severity (I.S.) when considering the combined effect of vehicle
mass, impact speed, and impact angle. In summary, the impact severities were 151.01 kJ (111.34
kip-ft), 161.62 kJ (119.16 kip-ft), and 156.03 kJ (115.04 kip-ft) for testnos. NYTCB-1, NYTCB-2,
and NYTCB-3, respectively. The maximum dynamic deflections observed during testnos. NYTCB-
1, NYTCB-2, and NYTCB-3 were 700 mm (27.6 in.), 1,023 mm (40.3 in.), and 784 mm (30.9 in.),
respectively.

Upon examination of the I.S. values and maximum dynamic deflections, it was evident that
the box beam stiffening system was effective in reducing barrier deflections. In general, the box
beam system reduced dynamic deflections from 23 to 32 percent over those observed for the non-
stiffened TCB. Two sizes of box beam rails were evaluated. Unfortunately, the two rail sizes were
implemented 1in tests that were not directly comparable. The smaller tube size was installed on a
barrier system supported by a wide concrete foundation (test no. NYTCB-1), while the larger tube
size was installed on a barrier system adjacent to a vertical drop off (test no. NYTCB-3). Even
though larger barrier deflections were observed in test no. NYTCB-3 as compared to NYTCB-1, the
larger tube size likely contributed to reduced barrier deflections, especially since several barrier
sections had lost partial contact with the concrete foundation as their bases had moved past the deck
edge.

As noted previously, the free-standing temporary concrete barrier system, with end sections
pinned on each end, was impacted in test no. NYTCB-2 and resulted in permanent set and dynamic
deflections of 1,003 mm (39.5 in.) and 1,023 mm (40.3 in.), respectively. On the contrary, TTT test
no. 473220-14 was performed on a similar barrier system, but without the end sections pinned, thus

resulting in permanent set and dynamic deflections of 1,270 mm (50.0 in.) and 1,270 mm (50.0 in.),
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respectively. The impact severities for test nos. NYTCB-2 and 473220-14 were 161.62 kJ (119.16
kip-ft) and 151.83 kJ (111.94 kip-ft). Since test no. NYTCB-2 was slightly more severe than test no.
473220-14, 1t was clear that pinning the end barrier sections decreased deflections by nearly 20
percent.

At this time, it is not believed to be highly beneficial to use stronger stiffening elements than
those used in test no. NYTCB-3 and placed across the joints of the barrier sections. This opinion is
based upon the fact that significant flexibility remains within the barrier section itself. It should be
noted that the barrier performed well but was likely near its ultimate strength as significant cracking
and bending was observed in several barrier sections. If desirable, modest increases in steel
reinforcement could reduce damage and barrier flexing during extreme impact events. At the ends
of several barrier sections and 1n all tests, the toe regions of the sections fractured with significant
loss of concrete, thus reducing the moment capacity of the joints under loading and during barrier
translation and rotation. If the toe regions were to have remained intact during the impact event,
lower deformations to the box beam rails would likely have resulted. Once again, modest increases
in steel reinforcement at the section ends and in the toes should provide increased moment capacity
at the joints, thus resulting in an increased propensity for further reducing barrier deflections.

If additional steel reinforcement is implemented in the barrier sections, there would likely

be greater benefit from implementing the larger box sections to stiffen the barrier system.
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Table 3. Summary of Safety Performance Evaluation Results

Evaluation
Factors

Evaluation Criteria

Test
NYTCB-1

Test
NYTCB-2

Test
NYTCB-3

Structural
Adequacy

Test article should contain and
redirect the wvehicle 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

Detached elements, fragments or other
debris from the test article should not
penetrate or show potential for
penetrating the occupant
compartment, or present an undue
hazard to other traffic, pedestrians, or
personnel in a work =zone.
Deformations of, or intrusions into,
the occupant compartment should not
exceed limits set forth in Section 5.3
and Appendix E of the currently
proposed Update to NCHRP Report
No. 350.

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

Longitudinal and lateral occupant
impact velocities should fall below the
preferred value of 9.1 m/s (30.0 ft/s),
or at least below the maximum
allowable value of 12.2 m/s (40.0 ft/s).

Longitudinal and lateral occupant
ridedown accelerations should fall
below the preferred value of 15.0 g’s,
or at least below the maximum
allowable value of 20.49 g’s.

Vehicle
Trajectory

After impact, the vehicle shall exit the
barrier within the exit box.

S - Satisfactory
U - Unsatisfactory
NA - Not Available
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12 RECOMMENDATIONS

Stiffened and unstiffened versions of the New York State DOT’s temporary concrete barrier
system with anchored ends, as described in this report, were successfully crash tested according to
the criteria found in the currently proposed Update to NCHRP Report No. 350. The test results
indicate that these designs are suitable for use on Federal-aid highways. However, any significant
modifications made to the stiffened and unstiffened designs would require additional analysis and
can only be verified through the use of full-scale crash testing.

The second stiffened system was tested with a clear gap of 305 mm (12 in.) between the back
side of the barriers and the bridge deck edge. As observed in testno. NYTCB-3, the center of gravity
of one barrier section was shoved beyond the edge of the bridge deck. However, its connection to
the other sections prevented it from falling off. Thus, the stiffened versions of New York State’s
temporary concrete barrier system are recommended for use over the normal range of accidents
involving vehicles of 2,268 kg (5,000 Ibs) or less. In addition, the stiffened TCB can be placed with

a 305 mm (12 in.) gap between the bridge deck edge and the back side of the barrier sections.

127



JPS Laptop 2013
Rectangle


13 REFERENCES

Ross, HE., Sicking, D.L., Zimmer, R.A_, and Michie, J.D., Recommended Procedures for the
Safety Performance Evaluation of Highway Features, National Cooperative Research Program
(NCHRP) Report No. 350, Transportation Research Board, Washington, D.C., 1993.

Sicking, D.L., Mak, K. K., Rohde, J R., and Reid, J.D., Recommended Procedures for the
Safety Performance Evaluation of Highway Features, Draft Report, Submitted to National
Cooperative Highway Research Program, Project 22-14(2) Panel, Prepared by the Midwest
Roadside Safety Facility, University of Nebraska-Lincoln, January 10, 2008.

Mak, K. K., Bligh, R.P., Menges, W.L., Schoeneman, S.K., NCHRP Report 350 Test 3-11
of the New York DOT Portable Concrete Barrier with I-Beam Connection, Research Report
No. 473220-7, Texas Transportation Institute, The Texas A&M University System, College
Station, TX, February 1999.

Bligh, R.P., Menges, W.L., Sanders, S.K., NCHRP Report 350 Test 3-11 of the New York
DOT Portable Concrete Barrier with I-Beam Connection (Retest), Research Report No.
473220-14, Texas Transportation Institute, The Texas A&M University System, College
Station, TX, July 2001.

Buth, C.E., Hirsch, T.J., and McDevitt, C.F., Performance Level 2 Bridge Railings,
Transportation Research Record No. 1258, Transportation Research Board, National
Research Council, Washington, D.C., 1990.

Guide Specifications for Bridge Railings, American Association of State Highway and
Transportation Officials (AASHTO), Washington, D.C., 1989

Bronstad, M.E., Calcote, L.R., and Kimball, C.E., Jr., Concrete Median Barrier Research-
Vol.2 Research Report, Report No. FHWA-RD-77-4, Submitted to the Office of Research
and Development, Federal Highway Admuinistration, Performed by Southwest Research
Institute, San Antonio, TX, March 1976.

Buth, C.E., Campise, W.L., Griffin III, L.I., Love, M.L., and Sicking, D.L., Performance
Limits of Longitudinal Barrier Systems-Volume I: Summary Report, FHWA/RD-86/153,
Final Report to the Federal Highway Administration, Office of Safety and Traffic Operations
R&D, Performed by Texas Transportation Institute, Texas A&M University, College
Station, TX, May 1986.

Polivka, K.A_, Faller, R K., Sicking, D.L., Rohde, J.R., Bielenberg, B.W., Reid, J.D., and Coon,
B.A. Performance Evaluation of the Permanent New Jersey Safety Shape Barrier — Update to
NCHRP 350 Test No. 3-10 (2214NJ-1), Final Report to the Transportation Research Board,
National Research Council, National Cooperative Highway Research Program (NCHRP),
NCHRP Project No. 22-14(2), Transportation Research Report No. TRP-03-177-06, Midwest
Roadside Safety Facility, University of Nebraska-Lincoln, October 13, 2006.

128



10.

11.

12.

13.

14.

Fortuniewicz, J.S., Bryden, J.E., and Phillips, R.G., Crash Tests of Portable Concrete
Median Barrier for Maintenance Zones, Report No. FHWA/NY/RR-82/102, Final Report
to the Office of Research, Development, and Technology, Federal Highway Administration,
Performed by the Engineering Research and Development Bureau, New York State
Department of Transportation, December 1982.

Hinch, J., Yang, T-L, and Owings, R., Guidance Systems for Vehicle Testing, ENSCO, Inc.,
Springfield, VA 1986.

Center of Gravity Test Code - SAE J874 March 1981, SAE Handbook Vol. 4, Society of
Automotive Engineers, Inc., Warrendale, Pennsylvania, 1986.

Vehicle Damage Scale for Traffic Investigators, Second Edition, Technical Bulletin No. 1,
Traffic Accident Data (TAD) Project, National Safety Council, Chicago, Illinois, 1971.

Collision Deformation Classification - Recommended Practice J224 March 1980, Handbook
Volume 4, Society of Automotive Engineers (SAE), Warrendale, Pennsylvania, 1985.

129



14 APPENDICES

130



APPENDIX A

English-Unit System Drawings, Test NYTCB-1
Figure A-1. Stiffened Temporary Concrete Barrier System Layout (English), Test NYTCB-1
Figure A-2. Temporary Concrete Barrier Details (English), Test NYTCB-1
Figure A-3. Temporary Concrete Barrier Reinforcement Details (English), Test NYTCB-1
Figure A-4. Bill of Bars (English), Test NYTCB-1
Figure A-5. Temporary Concrete Barrier Connection Details (English), Test NYTCB-1
Figure A-6. Connection Key Assembly Details (English), Test NYTCB-1
Figure A-7. Connection Key Assembly Details (English), Test NYTCB-1
Figure A-8. Temporary Concrete Barrier Connector Assembly Details (English), Test NYTCB-1
Figure A-9. Box Beam Stiffener Details (English), Test NYTCB-1
Figure A-10. Temporary Concrete Barrier Stiffener Hole Details (English), Test NYTCB-1

Figure A-11. Box Beam Stiffener Details (English), Test NYTCB-1
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APPENDIX B
Test Summary Sheets in English Units
Figure B-1. Summary of Test Results and Sequential Photographs (English), Test NYTCB-1
Figure B-2. Summary of Test Results and Sequential Photographs (English), Test NYTCB-2

Figure B-3. Summary of Test Results and Sequential Photographs (English), Test NYTCB-3
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0.080 sec 0.168 sec

| 204’ —-3"
J
246
® TestApewncy - .:ooveiisnicuriieiiniie MwRSF
®  Test Number .. ocooovsousnem s i NYTCB-1 -
o TDale s e 7/24/07 | | ] *®
e NCHRP 350 Update Test Designation . ... ... 3-11 20— !
® Appurtenance . ......................... Stiffened Temporary Concrete Barriers Side WYiew
o TotalLength . ... ... .. .. .. ............ 200 f
e Key Elements - Barrier
Description ... .................. New York TCB with Connection Keys o Exit Conditions
Length .. ... ... . ... .......... 20 ft Speed ... ... ... ... ... 39.1 mph
Base Width ... ... . ... __.... 24in. Angle ... .. ... ... ... 7 deg
BIRIOHE .- oo mmisoriimimim i 32in Exit Box Criterion ........... Pass
. ® Key Elements - Anchor Ends & Post-Impact Trajectory
ﬁ SIZE ...l 1 in. diameter ASTM A36 rod Vehicle Stability .. ........... Satisfactory
Length .. ... ... ... .. ... . ..... 155m. Stopping Distance . .. ... ... .. 204 .4 ft downstream
Number per Barmier . .. ....... ... .. 5 traffic-side, 4 back-side 15.1 ft laterally behind
o Key Elements - Box Beam Stiffener & Occupant Impact Velocity
Size ...l 6in x6in. x 0.1875in Longitudinal .. ... ... .. ... -15.32 fi/s < 40 fi/s
Length .. .. ... ... ... .. ........ 144in. Lateral .. ................... 20.77 ft/s < 40 fi's
Connector Rod . ....... .. .. ..... 0.75 in. diameter x 17 in. long Grade 5 ® Occupant Ridedown Deceleration
Plate Washer ... ... ... ........... 8in x8in. x05in. Longitudinal .. ... ... .. ... 472g5<2049¢g’s
e TypeofSoil ... ... ... ... ... ... ....... N/A Lateral .. ... ... ........... 836gs<2049¢g's
o Test Vehicle e THIV (notrequired) ... ............... 24 44 ft/s
Type/Designation .. .............. 2270P e PHD (notrequired) ..... ... .. ... ... ... 871g's
MakeandModel . ... ... .. ... 2002 Dodge Ram 1500 Quad Cab 4x2 ® Test Article Damage . . ... .............. Moderate
Curb ...l 5,074 1bs ® Test Article Deflections
TestImertial . ... .. ... ... . ....._. 5,016 1bs Permanent Set . ... ... ... ... .. 26.0 in.
Gross Static . ... .. ... ... ... .. 5,016 1bs Dynamic ................... 276 in.
& Impact Conditions Working Width ... ......... .. 51.6in.
Speed ... ... ... ... ... 99.5 km/h e Vehicle Damage .. ... ................ Moderate
Angle ... ... ... 24 6 degrees VDSE . 11-LFQ-3
Impact Location .. ... .........__. 51.1875 in. upstream from CDC™ .. 11-LYEN2
downstream end of barrier 4 Maximum Deformation ....... 1.5in.
& Angular Displacements
Roll .. ... ... ... ... ...... -10.5 deg
Pitch .. ... ... .. ... ....... -11.4 deg
Yaw ...l 28.0 deg

Figure B-1. Summary of Test Results and Sequential Photographs (English), Test NYTCB-1
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TotalLength .. ... .. ... .. ... ... ....... 200 f
Key Elements - Barrier
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 F T e 20 fi
Base Width .. ... . ... ..... 24in. & Post-Impact Trajectory
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Length .. ... ... ... .. ... . ..... 155m. & Occupant Impact Velocity
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TypeofSeoil ... ... .. ... ... . ... . .... N/A Lateral .. ...... .. ... .....
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Impact Location .. ........._..... 4 ft - 3.1875 in upstream from Working Width ... ..._.....
downstream end of barrier 4 e Vehicle Damage .. ... ..............
Exit Conditions VDS®
Speed ... ...................... 45.3 mph cDC™
Angle ... ... ... ... ... 4.7 degrees Maximum Deformation .. ...
Exit Box Criterion . ........_..... Pass & Angular Displacements
Roll .. ... .. ... ....
Pitch ... ... ... ..........
Yaw ...

Figure B-2. Summary of Test Results and Sequential Photographs (English), Test NYTCB-2
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Figure B-3. Summary of Test Results and Sequential Photographs (English), Test NYTCB-3



APPENDIX C
Occupant Compartment Deformation Data
Figure C-1. Occupant Compartment Deformation Data Set 1, Test NYTCB-1
Figure C-2. Occupant Compartment Deformation Data Set 2, Test NYTCB-1
Figure C-3. Occupant Compartment Deformation Index (OCDI), Test NYTCB-1
Figure C-4. Occupant Compartment Deformation Data Set 1, Test NYTCB-2
Figure C-5. Occupant Compartment Deformation Data Set 2, Test NYTCB-2
Figure C-6. Occupant Compartment Deformation Index (OCDI), Test NYTCB-2

Figure C-7. Occupant Compartment Crush Data, Test NYTCB-3
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VEHICLE PRE/POST CRUSH INFO

Set-1
TEST:  NYTCB-1
VEHICLE: 2002 Dodge Ram 1500

POINT | X N Z X X Z DELX | DELY | DELZ
1 29.25 29 15 285 275 -1 -0.75 15 05
2 325 18 3.25 32_ -18.25 25 05 0.75 0.75
E 30 13 A 3025 | -12.25 5] 0.25 0.75 0
4 7825 975 0 78 -9 0 0.25 0.75 0
5 265 -29 525 26.25 285 5,25 0.25 0.5 |
B 275 22 575 275 215 55 0 05 0.25
7 27.75 16 55 2775 15 525 0 1 0.25
8 25 8.5 -2.75 25 -8.25 275 0 0.25 0
] 73 79.05 8.05 73 79 8.05 0 0.25 0
10 2275 | -23.25 8 2275 | -23.25 75 0 0 0.5
11 22.75 165 8 22.75 165 7.75 0 0 0.75
12 215 9 3.75 215 85 3.75 0 0.5 0
13 18.25 3 105 185 30.75 0.5 0.25 0.25 []
14 185 21.25 9.75 185 21.25 95 0 0 0.75
15 19 105 8.5 18.75 10 825 0.25 0.5 0.25
16 15 4 175 75 4 .75 0 0 0
17 135 3075 | 10.25 135 30,75 0.5 0 0 0.25
18 T4 22 95 4 22 975 0 0_ 0.25
19 1425 | -11.25 8,25 14.25 A1 9,25 0 0.25 0
20 115 -3.25 2 115 -3.25 2 0 0 0
21 6.75 305 -6.75 6.75 305 975 0 0 0
72 8 71 905 8 20,75 -9.75 0 0.25 0
23 75 -10.25 825 75 10,25 8.25 0 0 0
24 7 15 175 B.75 15 ) 0.25 0 0.5 |
25 0.75 285 575 0.75 285 5.75 0 0 0|
26 05 -21.25 5 05 -21.25 525 0 0 025
27 0.5 125 475 05 1225 5 0 0.25 ~0.25
28 05 2,75 15 0.5 -2.75 175 0 0 -0.25
29 0 0 0
30 0 0 0
31 0 0 0
32 0 0 0
33 0 0 0
34 0 0 0
35 0 i 0

3 f
\ 5 DASHBOARD /

D]ER\

e

2o

af

/—JDDF:'

Figure C-4. Occupant Compartment Deformation Data Set 1, Test NYTCB-1
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WEHICLE PREPCST CRUSH INFO

SEL-2
TEST: NYTCE-1
WEHICLE: 2002 Dodge Ram 1200

POINT 3 \d Z ! i 7 DEL > DEL Y DEL 2
1 5275 -26 -0.75 ] -24.5 0.25 -0.75 15 1
2 joja] -16 -3.8 5358 -1525 -2.28 -0.8 073 1.25
3 53.6 -10 -1.5 53.76 -0.28 -1.25 0.25 078 0.25
4 5173 -6.75 -1 5158 -6 -0.75 -0.25 075 0.23
5] 50 -26 -4.35 49.756 -25.5 -4 025 0.8 0.25
5} a1 -149 -5.75 a1 -18.8 -4.74 0 0.8 1
Fi 5128 -13 -B 51.25 -12 -5.5 0 1 0.5
5} 48.5 -5.4 -3.75 455 -5.28 -3.5 0 025 0.25
9 46.8 -26.25 -7 455 -26 -7 0 025 0
10 45 25 =205 -Th 4525 =075 -7 0 i .5
11 45.25 -13.5 -0 45.25 -13.5 -7.78 0 0 0.25
12 45 - 475 45 55 45 i 0.5 0.25
13 41.75 -28 -9 41 N -9 0.25 025 0
14 47 -18.95 -9.95 41 -1825 -4 0 0 0.25
15 42.8 -1.4 -8 42.25 -7 -4 -0.25 0.5 0
16 38.58 -1 -3 335 -1 -3 0 0 0
17 37 -21.78 -8.75 37 NG -8.78 0 0 0
18 376 -19 -9 375 -19 8.5 0 0 0.5
19 3773 -8.25 -89.75 37.75 -8 -85 0 025 0.23
20 35 -0.25 -3.5 38 -0.28 -3.25 0 0 0.25
21 3025 -27.5 =775 30.25 -27.8 -4 0 1] 0
22 31.6 -18 -T.5 315 -17.75 -85 0 025 -1
23 31 NV -8.75 31 -725 -3.75 I i I
24 30.5 1.5 -3.5 30.25 1.5 -3.25 -0.25 0 0.25
25 225 =255 -4 2425 =255 -4 0 i 0
25 24 -18.25 -4.5 24 -18.25 -4.5 0 0 0
27 24 -0.5 -5 24 -9.35 -5 0 025 0
28 24 0.25 -3 24 0.25 -2.748 0 0 0.25
249 0 0 0
30 0 0 0
31 0 0 0
32 0 i} 0
33 0 0 0
34 0 0 0
35 0 0 0

7/
\ 5 DASHBOARD /

D%]EIR—\

Figure C-5. Occupant Compartment Deformation Data Set 2, Test NYTCB-1
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Test No. NYTCE-1
Vehicle Type: 2002 Dodge Ram 1500

OCDI = XXABCDEFGHI

XX = location of occupant compariment deformation

A =distance between the dashboard and a reference point at the rear of the occupant compaiment, such as the top of the rear seat or the rear of the cab on a pickup
B = distance between the roof and the floor panel

C = distance between a reference point at the rear of the occupant compartment and the motor panel

D = distance bet 1the lower d

d and the floor panel

E = interior width

F = distance between the lower edge of right window and the upper edge of lefl window

G = distance between the lower edge of left window and the upper edge of right window
H= distance between bottom front corner and top rear corner of the passenger side window
I=distance between bottom front corner and top rear cormer of the driver side window
Severity Indices

0 - if the reduction is less than 3%

1 = if the reduction is greater than 3% and less than or equalto 10 %

2 - if the reduction is greater than 10% and less than or equal to 20 %

3 - if the reduction is greater than 20% and less than or equal to 30 %
4 - if the reduction is greater than 30% and less than or equal to 40 %

where,

1 =Passenger Side

2 = Middle

3 = Driver Side

Location:

Measurement | Pre-Test (in.) | Post-Test (in.}| Change (in.} | % Difference| Severity Index Note: Maximum sevrity index for each variable [A-)
Al 56.25 56.50 0.25 044 0 is used for determination of final OCDI value
A2 54.00 54.00 0.00 0.00 0
A3 55.00 55.00 .00 .00 0
B 43.75 44.00 25 .57 0
B2 42.50 42,50 00 .00 0
B3 46.75 47.00 0.25 0.53 0
[+ 67.00 65.50 -1.50 -2.24 0
C. 48.00 48.00 0.00 0.00 0
[+ 65.50 5.25 -0.25 -0.28 0
D 23.50 4.00 2.1 0
D! 75 4.00 E 0
D3 22.50 22.50 0.0 0
E1 5.50 65,50 .00 0
E3 >4.75 6475 .00 0
F .00 56.00 [ 00 0
G 57.50 57.50 0.00 0.00 0
H 36.75 36.75 0.00 0.00 0

| 38.25 38.50 0.25 0.65 0

JXABCDEFGHI
Final OCDI: LFOOODOODO0OO0D

Figure C-6. Occupant Compartment Deformation Index (OCDI), Test NYTCB-1
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VEHICLE PRE/POST CRUSH INFO

Set-1
TEST.  NYTCB-2
WEHICLE: 2003 Dodge Ram 1500
23 3
POINT X N Z X i z DELX | DELY | DELZ
1 30 -28.75 0 285 -28 15 -15 0.75 1.5
2 325 24 -0.75 295 -23.25 2 3 0.75 2.75
E 33.5 K ] 32 7 1 15 7 2
4 205 A T 30 1175 15 05 ~0.75 05
5 265 -29 -4.75 26 28 4 05 0 0.75
B 28 -24.25 525 275 24,25 4.5 05 [1] 0.75
7 78 A7 5 78 16.75 4 E] 0.25 1
8 285 -10.25 25 285 -10.5 2.5 0 -0.25 0
] 735 ~30.25 75 73.05 305 75 0.75 ~0.05 0
10 23.25 23 7.5 22.75 235 7 05 05 0.5
11 7325 | -17.05 75 73 A7 7.25 0.25 0.25 0.75
12 23.25 15 7.5 235 EE 7.5 0.25 0.5 0.25
13 21 K 275 20.75 -8.25 2.5 0.25 -0.25 0.25
14 17.75 | -29.05 ] 175 285 9 0.25 0.75 0
15 18 215 g 18 21 9 0 0.5 [
16 18 13,75 -G.25 17.75 13 9.5 -0.25 0.75 0.25
17 15.25 -7.25 25 15.25 —7.25 2.75 0 [1] 0.25
18 5 2 25 15.25 = 2.5 0.25 [1] [1]
19 11 29 85 105 -28.25 8.5 05 0.75 0
20 1| 22 8.5 10.75 21 8.5 -0.25 1 0
21 1075 | -15.25 -8.75 1075 | -15.25 B8.75 0 1] 0
22 825 75 3 85 75 3 0.25 0 0
73 85 1.5 275 g5 -1.5 2.5 0 [1] 0.25
24 1 79 5 1 79 5 0 0 0
25 1 22 45 1 22 45 0 0 [1]
26 0.75 -15.25 5 0.75 -15.25 5 0 0 0
77 1.25 8 25 1.25 8 25 0 D [1]
28 1 1.75 25 1 1,75 25 0 0 0
78 0 0 0
30 0 0 [1]
31 0 0 [1]
32 [1] 0 [1]
33 1] 0 [1]
34 0 0 [1]
35 0 0 [1]
‘*k — 3
) DASHBOARD /
3 +
5
9
U:n:ﬁﬂ\ e ~—DOOR
9
-

g

Figure C-7. Occupant Compartment Deformation Data Set 1, Test NYTCB-2
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WVEHICLE PRE/POST CRUSH INFO

Ser-2
TEST: NYTCB-2
WEHICLE: 2003 Dodge Ram 1500
FPOINT LS i i LS il i) DEL X DEL DEL 7
53 -25.78 -2.75 5158 -25 -2 -1.8 075 075
2 5348 -21 -3 528 -20.25 -1 -3 0.75 2
3 665 -18 -3 58 -14 -1.25 -1.8 1 1.75
4 51.5 -8 0 53 -8.75 1 0.5 -0.75 1]
bl 49.9 -26 -7.25 44 -26 -6.75 -0 0 0.5
i a1 -21.28 -71.0 505 -21.25 -6.75 -0.5 0 075
7 52 -14 -6.5 51 -13.75 -5 -1 0.25 1.8
[ 81.5 -i.35 -3.5 515 15 -3.25 0 -0.25 025
q 465 -2 -10 46 75 -ih -10 -125 025 I
10 456.25 -20 -9.5 4575 -20.8 -8.78 0 -0.5 075
11 45.25 -14.25 -8.25 45 -14 -8.5 -0.25 0.25 075
12 A6.25 -8.8 -8.75 A6 & -8 -85 0.25 0.5 025
13 44 -5 -3.5 43.75 -5.25 -3 -0.35 -0.35 0.5
4 40.75 -26.25 -11.5 405 -25.5 -11.25 -0.25 0.7 0.25
3 41 -18.5 -1 41 -13 -10.75 0 0.5 0.25
5 41 -10.75 -10.5 40.78 -10 -10.5 -0.25 0.75 0
17 35.25 4.5 -3.25 38.25 -4.25 -3.25 0 0 i}
13 35 1 -2.8 3875 1 -25 0.25 0 0
19 3 -26 -10.75 335 -25.25 -1 -0.5 0.7a -0.25
20 34 -19 -10.5 33.75 -18 -10.5 -0.25 1 0
21 33.78 -12.28 -10.26 33.75 -12.25 -10 0 0 0.25
22 3125 -4.5 -3.75 315 -45 -35 0.25 1 -0.25
23 31.8 1.5 -2.75 315 1.3 -2.78 0 0 1]
24 24 -28 -7.25 24 -26 -7.28 0 0 0
25 24 -19 -5.25 24 -19 -6.25 0 0 0
25 23.75 -12.25 -B 23.75 -12.25 -b 0 0 1]
27 2425 -5 -3.25 24.25 ] -3.25 i i 1]
23 24 1.25 -2.75 24 1.28 -2.5 0 0 025
24 0 0 0
30 0 0 0
31 1 1 ]
32 0 0 1]
33 0 0 0
34 0 0 0
35 0 0 1]
\\ DASHBOARD /
7N
,—DOOR

:JCII]‘?—\

Figure C-8. Occupant Compartment Deformation Data Set 2, Test NYTCB-2
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Test No. NYTCE-2
Vehicle Type: 2003 Dodge Ram 1500

OCDI = XXABCDEFGHI

XX = location of occupant compariment deformation

A =distance between the dashboard and a reference point at the rear of the occupant compaiment, such as the top of the rear seat or the rear of the cab on a pickup
B = distance between the roof and the floor panel

C = distance between a reference point at the rear of the occupant compartment and the motor panel

D = distance bet 1the lower d

d and the floor panel

E = interior width

F = distance between the lower edge of right window and the upper edge of lefl window

G = distance between the lower edge of left window and the upper edge of right window
H= distance between bottom front corner and top rear corner of the passenger side window
I=distance between bottom front corner and top rear cormer of the driver side window
Severity Indices

0 - if the reduction is less than 3%

1 = if the reduction is greater than 3% and less than or equalto 10 %

2 - if the reduction is greater than 10% and less than or equal to 20 %

3 - if the reduction is greater than 20% and less than or equal to 30 %
4 - if the reduction is greater than 30% and less than or equal to 40 %

where,

1 =Passenger Side

2 = Middle

3 = Driver Side

Location:

Measurement | Pre-Test (in.) | Post-Test (in.}| Change (in.} | % Difference| Severity Index Note: Maximum sevrity index for each variable [A-)
Al 53.75 53.50 -0.25 -047 0 is used for determination of final OCDI value
A2 50.25 50.25 0.00 0.00 0
A3 53.75 54.00 25 47 0
B 47.75 47.75 00 .00 0
B2 42.25 42.25 00 .00 0
B3 47.50 47.50 0.00 0.00 0
[+ 64.75 .25 -1.50 -2.32 0
C. 46.75 47.00 25 .5 0
[+ 65.00 00 .0 0
D 23.50 50 .0 0
D! 4.00 4.00 .0 0
D3 22.50 22.50 .0 0
E1 5.50 65,50 .00 0
E3 >4.75 6475 .00 0
F .00 56.00 [ .00 0
G 58.25 58,25 0.00 0.00 0
H 37.50 37.50 0.00 0.00 0

| 38.00 38.00 0.00 0.00 0

JXABCDEFGHI
Final OCDI: RFOOODOOD0DO0O00D

Figure C-9. Occupant Compartment Deformation Index (OCDI), Test NYTCB-2
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NYTCB-3
Comparison interior crush measurements

Lateral measurements taken from left door seam to right door seam.
Longtudinal measurements taken from b-pillar string line (see photo)

Direction:

Lateral Front of doar

Lateral Midspan (front of door to front of seat)
Lateral Front of seat

Lateral Front of seat belt

Lateral Back of door

Longitudinal MIN. CRUSH

Longitudinal MAX. CRUSH

Longitudinal MIN. CRUSH

Reference Vehicle (no damage)

Front of doar
Midspan (front of door to front of seat)
Front of seat
Front of seat belt
Back of door
MIN. CRUSH
MAX. CRUSH
MIN. CRUSH

Front of door

Midspan (front of door to front of seat)
Front of seat

Front of seat belt

Back of door

MIN. CRUSH

MAX, CRUSH

MIN. CRUSH

\ DASHBOARD /

00 -3 O Oh L) R

/— DOOR

Figure C-10. Occupant Compartment Crush Data, Test NYTCB-3
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APPENDIX D

Accelerometer and Rate Transducer Data Analysis, Test NYTCB-1
Figure D-1. Graph of Longitudinal Deceleration, Test NYTCB-1
Figure D-2. Graph of Longitudinal Occupant Impact Velocity, Test NYTCB-1
Figure D-3. Graph of Longitudinal Occupant Displacement, Test NYTCB-1
Figure D-4. Graph of Lateral Deceleration, Test NYTCB-1
Figure D-5. Graph of Lateral Occupant Impact Velocity, Test NYTCB-1
Figure D-6. Graph of Lateral Occupant Displacement, Test NYTCB-1

Figure D-7. Graph of Roll, Pitch, and Yaw Angular Displacements, Test NYTCB-1
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9¢1

W17: Longitudinal Deceleration - 10-Msec Avg. - CFC 180 Filtered Data - Test NYTCE-1 (EDR-3)
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Figure D-1. Graph of Longitudinal Deceleration, Test NYTCB-1
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W8: Longitudinal Occupant Impact Velocity - CFC 180 Filtered Data - Test NYTCB-1 {EDR-3)
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Figure D-2. Graph of Longitudinal Occupant Impact Velocity, Test NYTCB-1
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W L dinal Occupant Displ t - CFC 180 Filtered Data - Test NYTCB-1 (EDR-3)
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Figure D-3. Graph of Longitudinal Occupant Displacement, Test NYTCB-1
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WA2: Lateral Deceleration - 10-Msec Avg. - CFC 180 Filtered Data - Test NYTCB-1 {EDR-3)
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Figure D-4. Graph of Lateral Deceleration, Test NYTCB-1
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W8: Lateral Occupant Impact Velocity - CFC 180 Filtered Data - Test NYTCB-1 (EDR-3}
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Figure D-5. Graph of Lateral Occupant Impact Velocity, Test NYTCB-1
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W$: Lateral Occupant Displacement - CFC 180 Filtered Data - Test NYTCB-1 (EDR-3)
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Figure D-6. Graph of Lateral Occupant Displacement, Test NYTCB-1
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Euler Angular Displacements
NYTCB-1
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Figure D-7. Graph of Roll, Pitch, and Yaw Angular Displacements, Test NYTCB-1




APPENDIX E

Metric- and English-Unit System Drawings, Test NYTCB-2
Figure E-1. Unstiffened Temporary Concrete Barrier System Layout, Test NYTCB-2
Figure E-2. Temporary Concrete Barrier Details, Test NYTCB-2
Figure E-3. Temporary Concrete Barrier Reinforcement Details, Test NYTCB-2
Figure E-4. Bill of Bars, Test NYTCB-2
Figure E-5. Temporary Concrete Barrier Connection Details, Test NYTCB-2
Figure E-6. Connection Key Assembly Details, Test NYTCB-2
Figure E-7. Connection Key Assembly Details, Test NYTCB-2
Figure E-8. Temporary Concrete Barrier Connector Assembly Details, Test NYTCB-2
Figure E-9. Unstiffened Temporary Concrete Barrier System Layout (English), Test NYTCB-2
Figure E-10. Temporary Concrete Barrier Details (English), Test NYTCB-2
Figure E-11. Temporary Concrete Barrier Reinforcement Details (English), Test NYTCB-2
Figure E-12. Bill of Bars (English), Test NYTCB-2
Figure E-13. Temporary Concrete Barrier Connection Details (English), Test NYTCB-2
Figure E-14. Connection Key Assembly Details (English), Test NYTCB-2
Figure E-15. Connection Key Assembly Details (English), Test NYTCB-2

Figure E-16. Temporary Concrete Barrier Connector Assembly Details (English), Test NYTCB-2
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Figure E-1. Unstiffened Temporary Concrete Barrier System Layout, Test NYTCB-2
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Figure E-2. Temporary Concrete Barrier Details, Test NYTCB-2
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Figure E-3. Temporary Concrete Barrier Reinforcement Details, Test NYTCB-2



L91

NY—BE—-TempEarriar
Hem Ho. Eand Dia. Qty. Length Matarial Spac |Bor Size
Smeoth Anchor Rod = 18 I%4mm AZEM Z5.dmm
481 gmm 8] 1407 mm AE1S Gr. 60 | 1Z27mm
484 BOmm a0 AEAmm AB15 Gr. 60 | 12.7mm
485 BOmm 20 1407 mm AE1S Gr. 60 | 1Z27mm
GE2 = =0 5893mm AB15 Gr. 60 | 19mm
583 — 20 S830mm AB13 Gr, 60 19mm
[S1=E3 = 20 256mm AB15 Gr. 60 19mm
GB35 = Z0 15Emm a613 Gr. 60 19mm
o5 4 RS7.2
G20.6 1 ’-
3937

JI 2414 Smoath Anchor Rad BEE ErhE
127

481
/[257_2
%
be?
342.9 2414 —
12.7
4B5
FHELT:
WY Temporary Concrete Bortler |28
~ 1143 p 127+ e
Bill of Bars ST
am4 TRwnH B
Midwest Roadside -
Meta: (1) Quontiies in Eill of Bors represent o system with 10 barviers. Sofety Facility [= == T L
Mv-TarmpBiariia_RE_mahic WS e [k R

Figure E-4. Bill of Bars, Test NYTCB-2
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Figure E-5. Temporary Concrete Barrier Connection Details, Test NYTCB-2
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Figure E-6. Connection Key Assembly Details, Test NYTCB-2
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Figure E-8. Temporary Concrete Barrier Connector Assembly Details, Test NYTCB-2
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Figure G-18. Connection Key Assembly Details (English), Test NYTCB-3

Figure G-19. Temporary Concrete Barrier Connector Assembly Details (English), Test NYTCB-3
Figure G-20. Box Beam Stiffener Details (English), Test NYTCB-3

Figure G-21. Temporary Concrete Barrier Stiffener Hole Details (English), Test NYTCB-3
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Figure G-20. Box Beam Stiffener Details (English), Test NYTCB-3
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APPENDIX H

Accelerometer and Rate Transducer Data Analysis, Test NYTCB-3
Figure H-1. Graph of Longitudinal Deceleration, Test NYTCB-3
Figure H-2. Graph of Longitudinal Occupant Impact Velocity, Test NYTCB-3
Figure H-3. Graph of Longitudinal Occupant Displacement, Test NYTCB-3
Figure H-4. Graph of Lateral Deceleration, Test NYTCB-3
Figure H-5. Graph of Lateral Occupant Impact Velocity, Test NYTCB-3
Figure H-6. Graph of Lateral Occupant Displacement, Test NYTCB-3

Figure H-7. Graph of Roll, Pitch, and Yaw Angular Displacements, Test NYTCB-3
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W17: Longitudinal Deceleration - 10-Msec Avg. - CFC 180 Filtered Data - Test NYTCE-3 (EDR-3)

Figure H-1. Graph of Longitudinal Deceleration, Test NYTCB-3
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Figure H-3. Graph of Longitudinal Impact Displacement, Test NYTCB-3
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W12: Lateral Deceleration - 10-Msec Avg. - CFC 180 Filtered Data - Test NYTCB-3 [EDR-3)
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Figure H-4. Graph of Lateral Deceleration, Test NYTCB-3
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Figure H-5. Graph of Lateral Occupant Impact Velocity, Test NYTCB-3
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1) JERSEY PRECAST CORP.

1000 Serasrser Su, New Beunswick, MJ 08501
P.O. Hox 7443, North Browiwivk, NI bdvwz
Phone 732-249-8373 1 Faoc: 732-249-9720

E-Muil jrzprecast@acl cam “

WU, TSy e a.aom

ENCGINEERING

Date: June 13, 2007

Midwest Roadside Safety Facility-
Cornpany: Liniversity of Nobraska Propogal # 07-1$8

Attenticn: Gregg Averill Location: Linooln, Nebraska

Phone: A02-472-2022 Rafarence:
Fax: 402-709-2943
aavarillg@iigrod uni.edu
JERSEY PRECAST CORPORATION PROPOSES TO MANUFACTURE AND_DELWER THE

FOLLOWING:
Approxirmate LI 240

12 pes  Precast Temporary Construction Barrier 24" x 32'x 20° @ 3 3100 7kt
ME19-3R1 with pin hales :
4000 psi Grey concreté, uncoated reinfersing, with uncoated steel interlocks
PICKED-UP - 400 LBS/LFT _
Excludes: anchor balts, washers, reflectors, delinincators, stripes, fence post sleeves, and layout drwings

Tems:

Quote valid for 30 days Plus applicable taxes
Payment at time of delivery of pick-up

Approved by: Yours truly

Purchase Order & Paul Dentel

Plessa sign and return by fax
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#tal Products. Inc.
nth 38th Sreer
HE 65:04-1008

Telephione. {402}466-2329

Main Office Fax: {402)466-9140
Rotationsl Malds Division Fax, (402} 4660937

fntemet E-mail:

rinpe iversmelal.con

SaJos Order: 75571

rder: 75571 Sales Order Page ! af'!
iE Ship To:
ersity of Nebraska - Lincoln University of Nebraska - Li
YZministration Building UNL-Midwest Roads!de SaIISF" ppED
Jn NE 68388-0439 1901 ¥ STREET
BLILDING C Jut 22007
LINCOLN NE GSSRBmm METAL PROD
it 7152007 . PO Number. VERBAL CURT FOB: RMP
Ay, 7192007 Sales Rep: Roger Harris Fesale tD.
ns: et 30 Days Ship via: Customer
<N REAQY CURT 325-8122
Order Gty Part Number/Description Revision Unit Price Ext. PrEl
200 EA CRILLE'XIME"SO.TUBFE “9° 50000 JE 3574.67
DR LE" X 6 X 318" SOUARE TUBES
Reloage  Date Quantity
1 711172007 3.00
2400 EA  PLASMACUTYHAHRPLATE 5.85000 /= 2140.4D
PLASMA CUT 1/4" HOT ROLL PLATE 8" X 8"
WITH 7/8" HOLE I CENTER
Release  Date Quuantity
1 71172007 24 00
250 EA HR1 «5.49875 /E $113.75
1" Hot Roit Round 2¢ Discount: -337.06
2FULL LENGTHS
CUT tE4, 120.00"
Release  Date Quantity
1 7!11/2007 2.50 .
Line Total: 8811 58
Miacellaneous Total: $0.00
signature Tatal: $811.59
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. aduers, Inc. TEIEPLI e yraey oo
-1 38th Street Main Office Fae: (401) 466-914C
coln ME 685G4- 1998 . . Rotational Malds Division Tan: 1401) 4660937

Interast Eaneei . mpfnerimetal.oon

waice: 624807 Invoice Page:  10f1
Dae: 952007
Bl Taz gllp Tﬂ:
Accounts Favable
Universxy af Melraska - Lineolr U“W -
431 Administration Building ]
LincoJn NE G8538-0437

Tenns: Not 30 Days FO.B RMFP

Saler Repx: Pau) Mara Ornlered: /52007 Ship Wia: Pick-up
Packing Stip: Saes Tax ID: DE0S5-255-358 Ship Dater  %/572007
Lite  Quantity _ Part Nurober/Description Revislon Unit Prica Ext rice |
1 3.00EA RTE614 48233330 EA $1,450.00

aX6X it HR RECT TUBE X 24

**Tris material was nol charged on
Tvoice Numoer 524527 line 2 was &
labor cmly charge™™

- Taies - Teasble Amount Vergent Amonnt
Covernmant 51,4L0.00
Pavmenal Schednle Due Date Amonnt
10/5r2007 $1.450.00
Please remis Shis 2 meant: | $1.450,00 {
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1)
"’ Memorandum

of Transportation

Federal Highway
Administration

Subject: ACTION: NYS Concrete Barrier with Date: November 1, 2012
Box Beam Stiffener FHWA Eligibility
Letter B-239

From: Michael S. Griffith In Reply Refer To:
Director, Office of Safety Technologies HSST
Office of Safety

To: Jonathan D. McDade
Division Administrator
Albany, New York

This memorandum is in response to your request for the Federal Highway Administration
(FHWA) to review a roadside safety system for eligibility for reimbursement under the
Federal-aid highway program.

Name of system: New York State Temporary Concrete Barrier with Box
Beam Stiffener

Type of system: Portable Concrete Barrier with reduced deflection

Test Level: MASH Test Level 3

Testing conducted by: Mid West Roadside Safety Facility (MWRSF)

Decision
The following device is eligible, with details provided below and in the attachments:
e New York State Temporary Concrete Barrier (TCB) with Box Beam Stiffener.
Stiffener detail may also be used with other TCB as noted.

Based on a review of crash test results certifying the device described herein meets the
crash test and evaluation criteria of the National Cooperative Highway Research Program
(NCHRP) Report 350, the device is eligible for reimbursement under the Federal-aid
highway program. Eligibility for reimbursement under the Federal-aid highway program
does not establish approval or endorsement by the FHWA for any particular purpose or
use.

The FHWA, the Department of Transportation, and the United States Government do not
endorse products or services and the issuance of a reimbursement eligibility letter is not an
endorsement of any product or service.

FHWA: HSST: NArtimovicht: sf: x61331:10/26/12: sf.Updated 11/1/12
File:  s://directory folder/HSST/Artimovich/B239_NYS Box Beam
TCB.docx

cc: HSST (NArtimovich)
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Requirements

To be found eligible for Federal-aid funding, roadside safety devices should meet the
crash test and evaluation criteria contained in the National Cooperative Highway Research
Program (NCHRP) Report 350 or the American Association of State Highway and
Transportation Officials’ Manual for Assessing Safety Hardware (MASH).

Description

Previous crash testing of the New York State Department of Transportation (NYSDOT)
temporary concrete barrier (TCB) system had been conducted according to the National
Cooperative Highway Research Program (NCHRP) Report 350 criteria, and documented in
FHWA Letter B-94, dated January 24, 2002. In the 2001 test at the Texas Transportation
Institute, the unpinned NYSDOT TCB system, a 2,076-kg (4,577-Ib) pickup truck
impacted the ten barrier system at a speed of 100.8 km/h (62.6 mph) and at an angle of
25.6 degrees. During the impact, the vehicle was redirected smoothly and the barrier
system experienced 1,270 mm (50 in.) of deflection. The upstream end was pulled 148
mm (5.8 in.) longitudinally downstream, while the downstream end was displaced 5 mm
(0.2 in.) longitudinally upstream, or toward the impact point.

Crash Testing of Stiffened Barrier

In the 2008 testing at the Midwest Roadside Safety Facility (MRSF) the 60.96-m (200-ft)
long test installation consisted of box beam stiffened temporary concrete barrier sections
in a free-standing configuration with both end sections anchored. The ten 6,096-mm (20-
ft) long, temporary concrete barrier sections were installed with the first and last sections
attached to the concrete using nine 25-mm (1-in.) diameter by 394-mm (15.5-in.) long,
A36 steel rods, five anchors and four anchors on the traffic and back sides, respectively.
Each anchor rod was driven into a hole drilled in the concrete to an embedment depth of
127 mm (5 in.).

The three joints between barrier nos. 4 and 7 were stiffened with a box beam section
consisting of a 152-mm x 152-mm x 4.8-mm (6-in. X 6-in. X 0.1875-in.) ASTM A500
Grade C box beam, which was 3,658 mm (12 ft) long. The box beams were connected to
the barriers with 19-mm (0.75-in.) diameter by 432-mm (17-in.) long, Grade 5
continuously threaded rods and nuts. An 83-mm (3.25-in.) outside diameter x 22-mm
(0.875-in.) inside diameter x 9.5-mm (0.375-in.) thick Grade 5 fender washer was placed
on the traffic side of the barrier between the barrier and the nut. A 203-mm x 203-mm X
6.4-mm (8-in. x 8-in. x 0.25-in.) A36 steel plate was placed on the back side of the barrier
between the nut and the box beam section.

Details of the crash are in the attached Figure 29 Summary of Test Results. The maximum
dynamic deflection was 700 mm (approximately 28 inches). This is 44 percent less
deflection than the 1,270 mm (50 in.) recorded in the test of the un-stiffened barrier.

NThe analysis of the test results for test no. NYTCB-1 showed that the stiffened temporary
concrete barrier system with anchored ends adequately contained and redirected the 2270P
vehicle with controlled lateral displacements of the barrier system. This test was
determined to meet the TL-3 safety performance criteria of test designation no. 3-11 found
in MASH.
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Summary and Standard Provisions

Therefore, the system described and detailed in this memorandum is eligible for
reimbursement and may be installed under the range of conditions tested. We also concur
that the same stiffening method may be used to reduce the deflection of other portable
concrete barrier systems with the following provisions:

1) The length of the individual barrier segments are at least 20 feet long.

2) The deflection of the system to be retrofit was no greater than 50 inches under
NCHRP Report 350 Test Level 3 conditions.

3) The barriers are anchored at both ends to achieve the limited deflection
properties demonstrated in the crash testing. If the end sections are not anchored then the
barrier line, with stiffeners, should be extended until the barrier’s desired deflection can be
achieved.

Please note the following standard provisions that apply to FHWA eligibility letters:

e This finding of eligibility does not cover other structural features of the systems,
nor conformity with the Manual on Uniform Traffic Control Devices.

e Any changes that may influence system conformance with NCHRP Report 350
criteria will require a new reimbursement eligibility letter.

e Should the FHWA discover that the qualification testing was flawed, that in-
service performance reveals safety problems, or that the system is significantly
different from the version that was crash tested, we reserve the right to modify or
revoke this letter.

e You are expected to supply potential users with sufficient information on design
and installation requirements to ensure proper performance.

e You are expected to certify to potential users that the hardware furnished has the
same chemistry, mechanical properties, and geometry as that submitted for review,
and that it will meet the crash test and evaluation criteria of the NCHRP Report
350.

e To prevent misunderstanding by others, this letter of eligibility is designated as
number B-239 and shall not be reproduced except in full. This letter and the test
documentation upon which it is based are public information. All such letters and
documentation may be reviewed at our office upon request.

e This letter shall not be construed as authorization or consent by the FHWA to use,
manufacture, or sell any patented system for which the applicant is not the patent
holder. The FHWA does not become involved in issues concerning patent law.
Patent issues, if any, are to be resolved by the applicant.

Attachments
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';;%m Memorandum

Federal Highway
Administration

ATal! —
Subject: ACTION: NYS Concrete Barrier with Date: NOV -1
Box Beam Stiffener FHWA Eligibility

Letter B-239

From: Michael S. Griffith 6{/(1%4 (,g, Mgﬁfi In Reply Refer To:

Director, Office of Safety Technologies HSST
Office of Safety

To: Jonathan D. McDade
Division Administrator
Albany, New York

This memorandum is in response to your request for the Federal Highway Administration
(FHWA) to review a roadside safety system for eligibility for reimbursement under the
Federal-aid highway program.

Name of system: New York State Temporary Concrete Barrier with Box
Beam Stiffener

Type of system: Portable Concrete Barrier with reduced deflection

Test Level: MASH Test Level 3

Testing conducted by: Mid West Roadside Safety Facility (MWRSF)

Decision
The following device is eligible, with details provided below and in the attachments:
e New York State Temporary Concrete Barrier (TCB) with Box Beam Stiffener.
Stiffener detail may also be used with other TCB as noted.

Based on a review of crash test results certifying the device described herein meets the
crash test and evaluation criteria of the National Cooperative Highway Research Program
(NCHRP) Report 350, the device is eligible for reimbursement under the Federal-aid
highway program. Eligibility for reimbursement under the Federal-aid highway program
does not establish approval or endorsement by the FHWA for any particular purpose or
use.

The FHWA, the Department of Transportation, and the United States Government do not
endorse products or services and the issuance of a reimbursement eligibility letter is not an
endorsement of any product or service.



Requirements

To be found eligible for Federal-aid funding, roadside safety devices should meet the
crash test and evaluation criteria contained in the National Cooperative Highway Research
Program (NCHRP) Report 350 or the American Association of State Highway and
Transportation Officials’ Manual for Assessing Safety Hardware (MASH).

Description

Previous crash testing of the New York State Department of Transportation (NYSDOT)
temporary concrete barrier (TCB) system had been conducted according to the National
Cooperative Highway Research Program (NCHRP) Repoit 350 criteria, and documented in
FHWA Letter B-94, dated January 24, 2002. In the 2001 test at the Texas Transportation
Institute, the unpinned NYSDOT TCB system, a 2,076-kg (4,577-1b) pickup truck
impacted the ten barrier system at a speed of 100.8 km/h (62.6 mph) and at an angle of
25.6 degrees. During the impact, the vehicle was redirected smoothly and the barrier
system experienced 1,270 mm (50 in.) of deflection. The upstream end was pulled 148
mm (5.8 in.) longitudinally downstream, while the downstream end was displaced 5 mm
(0.2 in.) longitudinally upstream, or toward the impact point.

Crash Testing of Stiffened Barrier

In the 2008 testing at the Midwest Roadside Safety Facility (MRSF) the 60.96-m (200-ft)
long test installation consisted of box beam stiffened temporary concrete barrier sections
in a free-standing configuration with both end sections anchored. The ten 6,096-mm (20-
ft) long, temporary concrete barrier sections were installed with the first and last sections
attached to the concrete using nine 25-mm (1-in.) diameter by 394-mm (15.5-in.) long,
A36 steel rods, five anchors and four anchors on the traffic and back sides, respectively.
Each anchor rod was driven into a hole drilled in the concrete to an embedment depth of
127 mm (5 in.).

The three joints between barrier nos. 4 and 7 were stiffened with a box beam section
consisting of a 152-mm x 152-mm x 4.8-mm (6-in. x 6-in. x 0.1875-in.) ASTM A500
Grade C box beam, which was 3,658 mm (12 ft) long. The box beams were connected to
the barriers with 19-mm (0.75-in.) diameter by 432-mm (17-in.) long, Grade 5
continuously threaded rods and nuts. An 83-mm (3.25-in.) outside diameter x 22-mm
(0.875-in.) inside diameter x 9.5-mm (0.375-in.) thick Grade 5 fender washer was placed
on the traffic side of the barrier between the barrier and the nut. A 203-mm x 203-mm x
6.4-mm (8-in. x 8-in. x 0.25-in.) A36 steel plate was placed on the back side of the barrier
between the nut and the box beam section.

Details of the crash are in the attached Figure 29 Summary of Test Results. The maximum
dynamic deflection was 700 mm (approximately 28 inches). This is 44 percent less
deflection than the 1,270 mm (50 in.) recorded in the test of the un-stiffened barrier.

The analysis of the test results for test no. NYTCB-1 showed that the stiffened temporary
concrete barrier system with anchored ends adequately contained and redirected the 2270P
vehicle with controlled lateral displacements of the barrier system. This test was
determined to meet the TL-3 safety performance criteria of test designation no. 3-11 found
in MASH.



Summary and Standard Provisions

Therefore, the system described and detailed in this memorandum is eligible for
reimbursement and may be installed under the range of conditions tested. We also concur
that the same stiffening method may be used to reduce the deflection of other portable
concrete barrier systems with the following provisions:

1) The length of the individual barrier segments are at least 20 feet long.

2) The deflection of the system to be retrofit was no greater than 50 inches under
NCHRP Report 350 Test Level 3 conditions.

3) The barriers are anchored at both ends to achieve the limited deflection
properties demonstrated in the crash testing. If the end sections are not anchored then the
barrier line, with stiffeners, should be extended until the barrier’s desired deflection can be
achieved.

Please note the following standard provisions that apply to FHWA eligibility letters:

¢ This finding of eligibility does not cover other structural features of the systems,
nor conformity with the Manual on Uniform Traffic Control Devices.

¢ Any changes that may influence system conformance with NCHRP Report 350
criteria will require a new reimbursement eligibility letter.

¢ Should the FHWA discover that the qualification testing was flawed, that in-
service performance reveals safety problems, or that the system is significantly
different from the version that was crash tested, we reserve the right to modify or
revoke this letter.

e You are expected to supply potential users with sufficient information on design
and installation requirements to ensure proper performance.

e You are expected to certify to potential users that the hardware furnished has the
same chemistry, mechanical properties, and geometry as that submitted for review,
and that it will meet the crash test and evaluation criteria of the NCHRP Report
350.

¢ To prevent misunderstanding by others, this letter of eligibility is designated as
number B-239 and shall not be reproduced except in full. This letter and the test
documentation upon which it is based are public information. All such letters and
documentation may be reviewed at our office upon request.

e This letter shall not be construed as authorization or consent by the FHWA to use,
manufacture, or sell any patented system for which the applicant is not the patent
holder. The FHWA does not become involved in issues concerning patent law.
Patent issues, if any, are to be resolved by the applicant.

Attachments
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Length .

NumberperBamier ...............
Key Elements - Box Beam Stiffener

Size ...

1§

New York TCB with Connection Keys
6,096 mm

610 mm

810 mm

25 mm diameter ASTM A36 rod
3%4mm
5 traffic-side, 4 back-side

152mmx 152 onmx 4.8 mm

3,658 mm

19 mm diameter x 432 mm long Grade 5
203 mm x 203 mm x 6.4 mm

NA

downstream end of barrier 4

Speed ... 62.9kmh

Angle ..................... Tdeg

Exit Box Criterion ........... Pass
Post-Impact Trajectory

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

Stopping Distance . ... ........ 62.3 m downs'

4.6 m laterally

Occupant Impact Velocity

Longitudinal ................ 467mvs <12

Lateral..................... 6.33m's <12
Occupant Ridedown Deceleration

Longitudinal ................ 47285<20

Lateral ..................... 836g's<20
THIV (ootrequired) ................... 745m's
PHD (notrequired) .................... 87g's
TestAnticleDamage ................... Moderate
Test Article Deflections

PermanentSet ............... 660 mm

Dynamic ................... 700 mm

WorkingWidth . ............. 1311 mm
VehicleDamage ...................... Moderate

VDSY L 11-LFQ-3

ac™ H-LYEN2

Maxinmm Deformation ....... 38 mm
Angular Displacements

Roll ................. ..., -10.5 deg

Pch ...................... -114deg

Yaw ... 280deg

Figure 29. Summary of Test Results and Sequential Photographs. Test NYTCB-1



[-GDLAN 1S21 “s[Iela(] JoUajns weag xXog [T 2ms1g

B =RE o BN ) > phas g W g -OG AN
b6 ) TR et ma|  AWNIOD4 K}840S
e 8p!SPDOY }S8MPIN
wazieziz A9USPIS
*iaupg sye10ucy Kinsodws))
LR ‘pausByS woeg xog

JAYSDM § SpIUD NIY} WWECH ¥ PO w

‘PON PRPAAIY) G EPDIS 10}

We Zg— P WWZZZ Yim papaou so woag veq wiys (Z)
S1NNISANS O SO SADI0SVI0 €1 /A R0 FELY MISY (1) SHION

ZL 1 TI¥IS

\.._I,v NHOLLD3S

IS 2Bi|

"y |

leye

_ POs pOEDRIY) € BpLIY
Duo| wwgpp x 618

T

g opuoig
puj 4ooj
1IN x84 WG|
b
09

MoIn 4308




QEconmmg $002 ‘08 a8

ceuxnua [ | 01,0710 1210 WL
10-619 YINOM) SN ALY I

kB WK

€ 0 1 LI
Y3IBYYE ILINGY ABYHOMIL

13348 CHPONYLS ANYROLSO ST

NOLLYIH0JSNYYL 0 INIRLYYSN)

¥0A AN 0 2UvIS

i ssm
SSYR ¥ 1407 0L ALDWAYD 30 ML

AT WILY30N00

+3 K138 3 WIS 4 0Q

‘012 - 2 108 - JI “¥0 - 91 %190 - 4
A3 - 20 S0 - g1 28 -0 CIOYE WTOICON 2dA0TI0S DU 01 G3TWIS 39 AND V)
umummmmmvmnmmmuummnmmﬂ

mnsmmnnmm'unmwwmmu.m;

401 WIEND DU ML MM ITTRASKT 30 TINA UYH MZM0 A3 MBI ‘It

SINTOX HDUD TV 10 SITI004 TV 041 ‘S
L-01 OF 0-0 0 UMD U K XD 20 TS 1700 DIV ID V1

‘L300 000 ATUVIXONASY
LON IXIAN K0r) 1 4150 X TS TICHR St 9 D
WES 10V SN ML) OSSO D DN Y S

TS
SSTIO OCN A1 29 YIS SX70 20T W3 Y0 WID LI Y
L, LR g TR JOOT il TR )
ANVA TUB SYQ SO0 OF IS DL D LIXIVY OF YON U L

mmm
TUS S nzmnmn 200 SI5LIID 0181)
# Ammmwmnmmnmm

-

S TRAOLITM IN00M SN UMD TES Iy WDALTe W)
mnmmw'mmnmnmmmnmm h
o

WIBH I
mmnmannmm ALY N TS LINIT0 T8
m“unsmmwwmnunmmumnnmmu kg

O “41 °91 “»i ’JI ‘A8 °8 ST} TAOKM

WMOTHI 3U H IO H SO0 1SIT 33 TS D) UTII) el 2

ATAVD UPOKD 15YIEM $O-408 £
mmmmntmnmmmm ]
51c0m

I 0 A

(1] m’l‘\a‘l’n’m Ay
>— $UIDE AUITUN

£

AveaI™ uuu:m INIOP ¥3807
@0 WL

wMyI Ml

(AUVRALTY NOLLIIMOG LNISH ¥3adN
NILIYATE

(VR IR 4

= 2 WLLIIN0I INOF

“Tra

Jo—3u TUS Ha a2

P TN

NUIIS TN HENDVE JLTOND ANVIONAL
nuraIs

W

oy
=]
¥ | ! “'\.\sn P il
& - {—{——i w--———au—————d»f'— R S Sy
) - = - =
3 b [{:]
Tor | -
- RN WLV0) ¥ 6 905 ¥

\ =2

)

2 UM T AN - - OmED AM OO

gl Y

/_mmmw ' {,—mnruunuwm

§ Ut 105 WICO! @ SHUB S~ © o
2 x

2 1o DD W0 L8 - A TM DN |'

ST« YIS0
Sl BI82-d38-61 v QL AW
19 = M NI


JPS Laptop 2013
Rectangle

JPS Laptop 2013
Rectangle


01720710 *ava w2333

QUML) WLIIINCO INICF 3007
B4 NOLLD3S

(€ 30 2 13319
HIILUVE FLIUONOT ANVHOINAL P V432
5] K
17]S CIOWLS AAWOISTD ST —
TOLI0a Fanoan LX) (1N )
@D KADOON s | a-an (18 K23
NOLLYLHOJSNYYL 0 IMGRINYA30 EX
v
W04 AN N 3AUvIS o] o . 3
R (3
=R v
- ‘_E
IR T

¥ TS Hxaxs SHO1LI3S NOLLESMSL
41 ”J 33 HOLLI3S 0-0 WLLI3S 29 MBS
5 m! ' g ®
DILIINOT LG ¥I0)Y L f I "
£ ;
STVI3T AINDIY MLLYIS 06 TREVL
V130 40K r" et

MOLOY (FOLIVE MEUD AT 0G CLaN s re rs res ry
1

|

QBEUMTS O 2UISH4D € A LT 05 CILYMIOND 33 TS 1IR3
90 DU WY A4MUL DU H e I 0L YN 0 O 1OV XY X
mmumnmnnmunsnummgn U

M0 SRLLYH
198- 30 W0 SOV S1ifmy DU 0 101 T 61 UV ol
$00 TSN B mnmsmnmmsmnﬁsngsun’ﬂnm%l

401 HIUESYS DU B MM OOTVASKE 33 TIVNS 2UVY N300 AW NLLIDI 6

‘0hedd N 01 LTS
mansmmn:umxmmma&lmn'ﬂ v

T
[ ]
PR
&
v

401 0 WALILD

“noms
smummmmnmm U ALY TSI CAL D) 0 NPDIN Y UL Pt LR IERN]

TINS T D L 0N 0 SO U Sml!ﬂl!
e MAmmnmmmlmnmmx

S v U4 DOAN TUS I WA
mnmm&ufumnmnmmnu u}ug b

mmmmmlsmmnlm
W3 TNOPR000Y M ATA GAATE ¥ L0 ON000d 1) TS ITTTS h 2 > s

30,3 Sitv 1 e e aanats o 3 0 ¢ 3 s
msmmmmﬂmmnmnmﬁﬁz o

WDAY LUTON0 1SVITH "0-908 0 SLHONTOD3Y
T xals DNerReXY 10 S5VIDN B TS G L3000 MDAl )

Ly ]



JPS Laptop 2013
Rectangle

JPS Laptop 2013
Rectangle


119710 uva W20 |

(€ 90 £ 133K
YITHHVE ALIUINGD AUVHOSMAL

1ID5 CXYONIS AHYNOLSTD ST

NOLLYLOOGSNVAL 30 INFIWVG30 | <2
WOA A 20 3v1S ==

SINFO3S UM TQ O LT T 133447 108 TIA LIPS ST N3 Q3TN0 STON TWIRON O DS Ju 01
CAIDAATEY 0400 03 VT3 X3 DU WKL UDN0 TWACE °§

00 WO £ 3 TS SaaaYE 0003 P

1 34 Ol ¥POLLS e
mmmmmsvmnmm'nmm.%n4:4nm1mmm X

‘OUUENS 30 1ITNS NNYO 310D (v
W33 K00 U NITAIZY S4V9 ONILTS BU TTIVH ¥ W0 OXW W DY SUINWD LUTOMO Al 25 Y

WUD L-AET - LIS L-OF ONY ‘SITOV O-.10Z - INRIXS £0-01 'STUOV O-211 - LIRS -0-.!\ 'smm LA
- DIPOB o lmnmmmnmmmmuunnnmmm IO ANTHONT)

W) D L0 SINIRI 0L WA O30 30 ABO AN NS YIS K00 MILA NI LLTONDD ANYMONIL
MEILISN0 DU MO S04 ¢ KIS ODIGd 29 OTWONS INIDRS ) ISVVISN] 3
wwnmnm 3074 3D “IONLINIO0 UL INTOTY ¥IXY DU G0AN -D-M xsm l'
OOIX) OfF KDDL STFRIINGD 33 01 M5 L-05 15YD) 1V ICIND TS UBILIAIS AYV3R 1

LK ATIRAUXUS S TTLS T T9H] 01 IGRIANS 29 TN SXO314 900 I M0 NDEYISY STNNATNI ML :

ONKINTHS. LNOHLIA NOILI3S

@S NS0

YINRYE ILTHONDD ANVNOSNEL 0 WDOLALS W3 X9

s Nl

QDWIHS RLIN NOLIS

STV VTR TN OFY STTVY Y 109 11-01S 10 SINNREIDTS T AA BIORE K 35 TS R a2 WX RSN S ke
4 £ 2 1706 - Milewd UTOND LTDNLL
O £ 0 1 1334 - WXBY LUTONO LMOSTL . VMl LINE WIS BN YTNAQ 120N JSVIR
+01) 20 SIOXRITS 3 WA TNYDROO0T 10 1STITH 39 TIIS 600 NIIEw LU TOM0 L4YIOR °
U
T4 RGY3 Avay JAldivel cuyadl
AN
A oY Y
wen g0
il :,rffrr —— T
i 328 s E /—mnum
ny : - T
: X
b ]
)
i
'
X 6w uis GTS ML
\ Py an s
[ o
1] e
3
LLL F 3
' ) >3 -
Y130 10V IH Y 11 ™ 11 —T. :i
3 R b b i X = —+
! [
MM P8 1) TR TON 0L _/ / | )
(B — — =2 ")
L : J
K) = F R g I K]
e cHUDR 8 $TIWD
SO 231

Retaal o 250 +
-d35-68 * 31N
19 s 30N I4

"o


JPS Laptop 2013
Rectangle

JPS Laptop 2013
Rectangle


To:

New York State
Department of
Transportation

ENGINEERING

BULLETIN

EB

10-034

Expires one year after issue unless replaced sooner

Title: BOX BEAM STIFFENING OF TEMPORARY CONCRETE BARRIER

Distribution:
Manufacturers (18)
Local Govt. (31)
Agencies (32)

Surveyors (33)

0 XKXO

Consultants (34)
Contractors (39)

(

)

Approved:
/s/J.F. Tynan 8-31-10
James F. Tynan, P.E. Date

Deputy Chief Engineer (Construction)

ADMINISTRATIVE INFORMATION:

e This Engineering Bulletin (EB) is effective beginning with projects submitted for the letting of

01/06/11.

e This EB does not supersede any previous issuances.
e This standard sheet will be incorporated into the next complete printing of the Standard Sheets.

PURPOSE:

The purpose of this EB is to issue Standard Sheets 619-01 Temporary Concrete Barrier (Sheet 3 of 3)

and M619-72 Box Beam Stiffening of Temporary Concrete Barrier.

TECHNICAL INFORMATION:

e Box Beam Stiffening of Temporary Concrete Barrier is an option to limit the deflection of
temporary concrete barrier to 2.2 feet for standard impact conditions (5000# pickup impacting at
62 mph and a 25° angle). Without box beam stiffening, the deflection was 3.3 feet. With all
segments pinned and no box beam stiffening, the deflection was 0.7 feet.

e Standard Specification Section 619 will subsequently be modified to include construction details
and separate payment items for Box Beam Stiffened Temporary Concrete Barrier. In the interim,
if a designer plans to use this detail, he/she must submit a special specification to the Design
Quality Assurance Bureau, Specification and Standards Section for approval. Contact Terry Hale
at terry.hale@dot.state.ny.us or (518) 485-7009 for assistance.

e Standard Sheets 619-01, 1 of 2 and 2 of 2 will be renumbered to 1 of 3 and 2 of 3 on the website,

but will not be reissued.

TRANSMITTED MATERIALS:

Standard Sheets 619-01 Temporary Concrete Barrier (Sheet 3 of 3) and M619-72 Box Beam Stiffening of

Temporary Concrete Barrier are available on the IntraDOT and the Department’s website at:

https://www.nysdot.gov/main/business-center/engineering/cadd-info/drawings

BACKGROUND:

In 2007, research was conducted on a concept to reduce the deflection of TCB without the need to pin
units into the pavement or a bridge deck. The concept involved bolting 12 foot lengths of 6" x 6" box
beam on the back side of the TCB, spanning across the joints.

CONTACT:

For additional information contact Terry Hale of the Design Quality Assurance Bureau at (518) 485-

7009, thale@dot.state.ny.us or Tom Melander of the Office of Construction at (518) 457-6472,

tmelander@dot.state.ny.us.
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USER = jturley

FILE NAME = 619-8101.
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2'-0" : 2'-Q"
° w ° o o NOTES:
i — )= — = — = — @BARRIER — — — — — — — — — — — 1. TEMPORARY CONCRETE RARRIER SHALL BE PRECAST IN ACCORDANCE WITH THE REQUIREMENTS
— R 18 OF §704-05 PRECAST CONCRETE BARRIER.
T o o ° 5 ANCHOR
o LIFTING DEVICES, (2) MINIMUM, SEE NOTE 9 1Y4"8 ANCHOR HOLE (TYP.) ' JOINT CONNECTION TUBE HOLES 2. TEMPORARY CONCRETE BARRIER SHALL BE PRECAST UNITS OF ONE OF THE FOLLOWING

NOMINAL LENGTHS 8', 107, 12/, 14', 16', 18, 20"

3. STEEL PLATE REINFORCEMENT SHALL BE ASTM A36M, A5T2M, GRADE 345 STEEL, TUBE
REINFORCEMENT SHALL BE ASTM A500, GRADE B OR C, AND REINFORCING BARS SHALL
BE A615, GRADE 420. EPOXY BARS ARE NOT REQUIRED.

4. ALL WELDING SHALL BE PERFORMED BY A WELDER QUALIFIED IN ACCORDANCE WITH
SECTION 8 OF THE NYS STEEL CONSTRUCTION MANUAL.

5. SURFACES TO BE WELDED SHALL BE FREE OF SLAG, RUST, MOISTURE, GREASE OR ANY
OTHER MATERIAL THAT WILL PREVENT PROPER WELDING OR PRODUCE OBJECTIONABLE FUMES.

6. WELDING SHALL BE SHIELDED METAL ARC WELDING USING PROPERLY DRIED ¥s,"#
E7018 ELECTRODES CONFORMING TO THE REQUIREMENTS OF SECTION 7 OF THE NYS STEEL
CONSTRUCTION MANUAL.

7. THE NUMBER AND PLACEMENT OF THE 4B4 AND 4B5 BARS WILL VARY
WITH THE LENGTH OF THE BARRIER SEGMENT.

8. CONCRETE CLEAR COVER FOR REINFORCING BARS SHALL BE 1!/2" (MIN.) UNLESS
OTHERWISE SPECIFIED.

9. A MINIMUM OF (2) TWO RECESSED LIFTING DEVICES, EACH WITH THE CAPACITY TO LIFT A MASS
OF 6 TONS (MINIMUM), SHALL BE INSTALLED ON EACH SEGMENT. SEGMENT MASS IS
APPROXIMATELY 400 LBS/FT.

10. ONE DRAINAGE POCKET SHALL BE INCLUDED IN THE CENTER OF 8-0" AND 10'-0"
FULL SECTION BAR LIST SEGMENTS, TWO DRAINAGE POCKETS IN ALL OTHER SEGMENTS.

NUMBER PER
X (SEE 4B5 BAR LOCATION TABLE) MARK | SIZE SECTION LENGTH | TYPE| A B| C LOCATION 11. CONNECTION KEY COVER PLATE SHALL BE INSTALLED FLUSH WITH THE BARRIER TOP.

481 | 4 6 211" 1| 5" [28"| 1" |STIRRUPS OPTIONAL BATTERED BOTTOM 12. 1"# ASTM_A36M ANCHOR PINS SHALL BE PLACED IN FOUR ANCHOR HOLES OF EACH
W [ s - . 284 T PER RECESS | 317 1L | 4" |15/ | ANCHOR RECESS HOOPS CORNER DETAIL SEGMENT TO BE PINNED. PINS SHALL BE PLACED ON THE WORKZONE SIDE OF THE BARRIER.
11 - ! || 4B5

,,,,,,,,,,,, e SEE TABLE 411" 1 |5 |28"| 1" | STIRRUPS o 13. BASED ON SEGMENT LENGTH AND MAXIMUM JOINT ROTATION, TEMPORARY CONCRETE BARRIER
‘ TTT 6B2 2 SEE NOTE 7] STR. LONGITUDINAL (TOP) CAN ONLY BE INSTALLED TO THE F0LL0WING3(M)AIINIMUM RADIL: 8’ - 92', 10’ - 115, 12 - 138,

SEE NOTE 7] STR. LONGITUDINAL (BOTTOM) B 14’ - 161’, 16’ - 184', 18’ - 207', 20" - 230",

1-2" STR. TRANSVERSE (BOTTOM) Rl
B
A

6" STR. TRANSVERSE (TOP)
4B5 BAR LOCATION TABLE K

|
¢
\
,,,,,,,,, Lo jmw NOMINAL LENGTH ‘ TYPE "II" BAR E L"L E
| / — T OF BARRIER UNIT X NO. EACH SECTION A A
4B5 ! 6B2 g : =ET
\ 685 - 20 6-11 6" 8" REFLECTOR
:ﬁp > 18’ 6'-5" I oy qn
K RYy %" X 1" MAX. BOLT

16° S-11t WITH NUT AND
14 7 _ LOCKWASHER

|

|

| 683

s o e o] 12/ 3

1 10’ 5

ELEVATION e 7 Vi 0 > |
REINFORCING DETAILS CO4VER X" DISTANCE FROM END OF BARRIER TO 4B5 BAR / 1 X 1l STIFFINER/
REFLECTIVE SHEETING—<|

- (TYPE 1X) APPLY TO BOTH (TYP.)>—% 2
1-3" SIDES OF ANGLE 5" 1" amm——

‘L
| I P vl ‘l p" PLATE
0 3" 2" F ?y TP .

(TYP.) Vi N

~
w SECTION C-C (TYe)
- ) Vol ? REFLECTOR L | RN U 2
UPPER JOINT CONNECTION\ frqn ‘ 1'-7 —

|

‘ - i | VIEW TION E- TION F-F
ﬁ(( : of 3 7 I END VIE SECTION E-E SECTION

|

!

: : n n Ul

o CONNECTION KEY e X CONNECTION KEY
LOWER JOINT CONNECTIONS : :

| |

A
TI PLAN

20’-0" MAX. (SHOWN) - 8'-0" MIN. (SEE NOTE 2)

6"

1

[N

EFCHRET

/ 30" g
DRAINAGE. POCKET ELEVATION ‘ | LLJ

1/2" X syzu
END VIEW

3"

LEVA
(SEE”NOTE 10) TEMPORARY CONCRETE BARRIER FULL SECTION

e WA Y R U 683

o T UN 6B4
682 484

6B5

oo
DY LY BN

TYPE "I" BAR " R NOTE: THIS COVER PLATE SHALL BE
INSTALLED SO IT IS FLUSH WITH THE TOP
OF THE BARRIER.
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| \ 2 X Yy mmmj e - 2" X ot NYP-)J SECTION D-D ~-t STATE OF NEW YORK
VP ELEVATION LOWER JOINT CONNECTION DEPARTMENT OF TRANSPORTATION

Sl
< |

o

on

r |/4||
(TYP)
D oo - WV ! ' U.S. CUSTOMARY STANDARD SHEET
| | | KEY IN PLACE

| R
4" X 4" X V5" STEEL TUBE— . - ~ = y
vl

JOINT CONNECTION TUBE

TEMPORARY CONCRETE BARRIER
(SHEET 1 OF 3)

ERRATA 2 EFF. 09/04/2014

4"
Yo"

1II
TP ol Wy U 4 e ISSUED WITH EB 14-025
"X Y R (TYP.)j i 2 X Y & YR ERRATA 1 EFF. 01/09/2014 APPROVED JULY 10, 2014 ISSUED UNDER EB 09-025

ELEVATION SECTION D-D b
UPPER JOINT CONNECTION (ALTERNATE) LOWER JOINT CONNECTION (ALTERNATE) ISSUED WITH EB 13-042 // J. F. TINAN, PE. 619-01
EFFECTIVE DATE: 01/07/10 B AIET ENGINEER




USER = rlohse

FILE NAME = 619-0102_010710.dgn

DATE/TIME = 18-SEP-2010 14:59

NOTES:

1. TEMPORARY CONCRETE BARRIER SHALL BE PRECAST IN ACCORDANCE WITH THE
REQUIREMENTS OF §704-05, PRECAST CONCRETE BARRIER.

20'-0" 2. STEEL PLATE SHALL BE ASTM A36M, A5T2M, GRADE 345, TUBE STEEL SHALL BE
ASTM A500 GRADE B OR C, AND REINFORCING BARS SHALL BE A615 GRADE 420.

20 160 20 3. ALL WELDING SHALL BE PERFORMED BY A QUALIFIED WELDER IN ACCORDANCE WITH
SECTION 8 OF THE NYS STEEL CONSTRUCTION MANUAL.
148 ANCHOR RECESS HOLE (TYP) 4. SURFACES TO BE WELDED SHALL BE FREE OF SLAG, RUST, MOISTLRE, GREASE OR ANY
] OTHER MATERIAL THAT WILL PREVENT PROPER WELDING OR PRODUCE OBJECTIONABLE FUMES.
— ~ ~ — — _ _ R Y
— | ). ) \}ty . ) . ~ 5. WELDING SHALL BE SHIELDED METAL ARC WELDING USING PROPERLY DRIED %"#
=9 - == Q- Q. - o - - - - R o ET018 ELECTRODES CONFORMING TO THE REQUIREMENTS OF SECTION 7 OF THE NYS STEEL

59"

- 6. CONCRETE CLEAR COVER FOR REINFORCING BARS SHALL BE 1!/" (MIN.) EXCEPT WHERE
= OTHERWISE SPECIFIED.

[ T + I I ! N
z > CONSTRUCTION MANUAL.
| | RN By T | E= 4%
4B4 =

DIRECTION OF TRAFFIC 4" X 4" X V" TUBE 7. A MINIMUM OF (2) TWO RECESSED LIFTING DEVICES, WITH THE CAPACITY TO LIFT A MASS
PLAN

OF 6 TONS (MINIMUM) SHALL BE INSTALLED ON EACH SEGMENT.

8. 1"# ASTM A36M ANCHOR PINS SHALL BE PLACED IN FOUR RECESSES OF EACH
SEGMENT TO BE PINNED.

9. CONNECTION KEY COVER PLATE SHALL BE INSTALLED FLUSH WITH THE BARRIER TOP.

10. THE DETAILS SHOWN FOR THE END SECTIONS ON THIS SHEET ARE FOR APPROACH ENDS
WHICH ARE TO BE LOCATED TO THE LEFT OF THE TRAFFIC FLOW ON ONE-WAY
OPERATIONS OR BETWEEN OPPOSING FLOWS OF TRAFFIC ON TWO-WAY OPERATIONS. WHEN
AN APPROACH END IS TO BE LOCATED TO THE RIGHT OF THE TRAFFIC FLOW, THE END
SEGMENT SHALL BE CONSTRUCTED SO THAT IT IS OPPOSITE-HAND (REVERSED IN ALL
CONFIGURATIONS, ANCHOR HOLE LOCATIONS AND REINFORCEMENT).

11. ALL CORNERS ON THE TOP OF THE SEGMENT SHALL BE ROUNDED TO A 1" RADIUS. THE
SEGMENT SHALL HAVE A SMOOTH TRANSITION TO A 6" END-OF-SECTION HEIGHT. ALL END

B SECTIONS SHALL BE PINNED UNLESS OTHERWISE NOTED.
I |
il 0 END OF 6B6 60" h e o
- Af..
A‘J B‘-l C‘-l D‘J E‘—l 2L END VIEW OPTIONAL BATTERED BOTTOM
F CORNER DETALL T1e)
ELEVATION L D
TAPERED END SECTION REINFORCING DETAILS poes Jon cowecrin—, ™|
. SN AR
c << el e
| |
6B6 LOWER JOINT CONNECTIONS : : iﬁ'
4B3 e =
it 687 | I ¥
A 13" .. r IR —y
| SECTION A-A SECTION B-B SECTION C-C SECTION D-D SECTION E-E SECTION F-F H | \| N H
— qhg TRANSITION SECTIONS 4 x4 x e steeL ToE——— ||| '
Dy o
SECTION 6-6 . TP f JOINT CONNECTION TUBE
17" { e
13" — ‘ | ‘ '/ .
| |
S (( o S < < TAPERED END SECTION BAR LIST
o B NUMBER PER
2 X V" B (TYP) /a 4" R (TYP SECTION H-H I\ B 81| 13 3 411 1 | 5" |28"[ 1" [STIRRUPS
ELEVATION LOWER JOINT CONNECTION ¢ A 482 | 13 1 3-3" 1 | 5" |18"[ 1" [STIRRUPS
TYe) ‘ T 4B3 13 1 1'-8" I 5" | 8" | 1" [STIRRUPS
" \ UiC 484 [ 13 9 31" | 4 [15%" HOOPS
‘ v ‘ ‘ B N TYPE I BAR 2 STATE OF NEW YORK
| - 16" ‘ BB5 | 19 1 6" STR. DEPARTMENT OF TRANSPORTATION
; ! z, TYPE "I" BAR 6B6 19 2 16'-7" STR. TRANSVERSE (TOP)
_ _ 6BT 19 2 18'-2" STR. TRANSVERSE (BOTTOM)
X I U.S. CUSTOMARY STANDARD SHEET
n n #J
v e " 2 x e s TEMPORARY CONCRETE_BARRIER
ELEVATION SECTION H-H (SHEET 2 OF 3)
UPPER JOINT CONNECTION (ALTERNATE) LOWER JOINT CONNECTION (ALTERNATE)
APPROVED SEPTEMBER 30, 2009 ISSUED UNDER EB 09-025
/S/ J. F. TYNAN, P.E. 619 01
EFFECTIVE DATE: 01/07/10 | Reanerriaion e
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DATE/TIME = 14-NOV
USER = rlohse

FILE NAME = 619

_|_

12’-0" CONTINUOUS

(SPLICES NOT PERMITTED)

Q (‘;AP SII 41_3" 11_3" ) 11_3" 4'_3" GII
I
6" *,l UTSIDE CONNECTION :
T NSIDE CONNECTION —A—-—-—- - — - — - — - — - — o1
& L ‘
v | ¢ ¢ 3"8 HOLE 1,"# HOLES 3"g HOLE
- |
=1 il . . BOX BEAM GUIDE RAIL
HOLE LAYOUT DETAIL

21-gn

¥"# CONTINUOUSLY
THREADED ROD
18" INITIAL LENGTH

FENDER WASHER

¥ NUT TYPICAL
EACH END

6" X 6" X 3" BOX BEAM

FENDER WASHERS

TRAFFIC SIDE CONSTRUCTION SIDE

SECTION WITH SHIMMING

TRAFFIC SIDE

NOTE:

HARDWARE DETAILS
SIMILAR WITH OR
WITHOUT SHIMMING

6-0" 60"
120"
SIDE VIEW
(CONSTRUCTION SIDE)
8" X 8" X 5" THICK PLATE
WITH %8 HOLE
8" X 8" X 5" THICK PLATE
2 2 WITH %8 HOLE

6" X 6" X ¥" BOX BEAM

CONSTRUCTION SIDE

SECTION WITHOUT SHIMMING

BOX BEAM STIFFENING OF TEMPORARY CONCRETE BARRIER

SHIM QUTSID| 41
WITH WASHERS |

CONNECTIONS | J

et

TRAFFIC SIDE /:Lu

PLAN VIEW

TCB CURVING

TOWARD TRAFFIC

NOTES:

TRAFFIC SIDE/

|
|
|
|
ﬁ
PLAN VIEW
TCB CURVING

AWAY FROM TRAFFIC

1. TEMPORARY CONCRETE BARRIER (TCB) SHALL BE PRECAST IN ACCORDANCE WITH THE REQUIREMENTS OF §704-05
PRECAST CONCRETE BARRIER AND STANDARD SHEET TITLED "TEMPORARY CONCRETE BARRIER - SHEET 1 OF 3" AND

"TEMPORARY CONCRETE BARRIER - SHEET 2 OF 3".

SHIM INSIDE
CONNECTIONS
WITH WASHERS

BOX BEAM SHALL BE IN ACCORDANCE WITH THE REQUIREMENTS OF §710-21, BOX BEAM RAILING AND MEDIAN BARRIER, RAILS.

2.
A. HOWEVER, THE BOX BEAM NEED NOT BE NEW.

B. THE GALVANIZING REMAINING ON THE OLD PIECES SHALL BE SUFFICIENT TO ENSURE THE STEEL IS STRUCTURALLY INTACT.

3. TCB WITH BOX BEAM STIFFENER SHALL BEGIN AT LEAST 50'-0" PRIOR TO, BE CONTINUOUS THROUGH AND EXTEND

AT LEAST 50'-0" BEYOND THE AREA REQUIRING LIMITED DEFLECTIONS. WHERE SPACE LIMITS SUCH EXTENSIONS,
THE FIRST/LAST TCB SEGMENT SHOULD BE PINNED WITH 4 PINS ON THE CONSTRUCTION SIDE.

4, TEMPORARY CONCRETE BARRIER WITH BOX BEAM STIFFENER MAY ONLY BE USED WITH TCB SEGMENTS 14’-0" OR LONGER.

5. TEMPORARY CONCRETE BARRIER MAY ONLY BE INSTALLED TO THE FOLLOWING MINIMUM RADII: 14/-0" SEGMENT -
161'-0" RADIUS, 16-0" SEGMENT - 184'-0" RADIUS, 18'-0" SEGMENT - 207'-0" RADIUS, AND 20'-0" SEGMENT - 230'-0" RADIUS.

6. WHERE TEMPORARY CONCRETE BARRIERS ARE PLACED ON A RADIUS, THE RESULTING GAPS BETWEEN THE BOX BEAM

AND CONCRETE BARRIER SHALL BE SHIMMED.

7. THE SHIMMING SHALL CONSIST OF 8" X 8" X !/" SQUARE PLATE, AND FENDER WASHERS AS NEEDED TO SNUG THE BOX

BEAM STIFFENER TO THE TCB.
8. FENDER WASHERS SHALL BE 3" NOMINAL 0.D.

9. HARDWARE OTHER THAN THE BOX BEAM NEED NOT BE GALVANIZED.
10. THE PRESENCE OF NORMAL HOLES DRILLED PER THIS SHEET WILL NOT AFFECT THE REUSABILITY OF THE CONCRETE SEGMENTS.

STATE OF NEW YORK

DEPARTMENT OF TRANSPORTATION

U.S. CUSTOMARY STANDARD SHEET

TEMPORARY CONCRETE BARRIER
(SHEET 3 OF 3)

ERRATA 1 EFF. 01/09/2014
ISSUED WITH EB 13-042

APPROVED: NOVEMBER 4,

/S/ J.F. TYNAN, P.E.

2013 ISSUED UNDER EB 10-034

EFFECTIVE DATE: 01/06/11

DEPUTY CHIEF ENGINEER
(CONSTRUCTION)

619-01
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NOTES:

1. ALL MATERIAL SHALL CONFORM TO SECTION 704-05,
PRECAST CONCRETE BARRIER, OF THE NYSDOT
~ STANDARD SPECIFICATIONS AND THE FORT MILLER
CO., INC. QUALITY CONTROL PLAN FOR
MANUFACTURING PRECAST CONCRETE.
REINFORCING BARS SHALL BE ASTM A615, GRADE 60.
CONCRETE TO BE 3,000 PSI @ 28 DAYS:
AIR CONTENT SHALL BE 5.0 - 9.0%. .
MINIMUM STRIPPING STRENGTH: 2,000 PSI.
POSITION OF REINFORCEMENT TO BE MAINTAINED
WITH THERMOPLASTIC CHAIRS OR PLASTIC TIPPED
SLAB BOLSTERS. ,
7. CURING WITH MEMBRANE CURING COMPOUND SHALL
CONFORM TO NYSDOT SPECIFICATION 704-03.
8. ALL H-KEY & TUBE DETAILS, MATERIALS AND WELDING
REQUIREMENTS SHALL CONFORM TO NYSDOT

OUswN

sy leelie

STANDARD SHEET 619-01. <~
9. CONCRETE CLEAR COVER FOR REINFORCING BARS

SHALL BE 13", UNLESS OTHERWISE SPECIFIED.
DIMENSIONAL TOLERANCES:

H-KEY CONNECTOR LOCATION: * 2"
CROSS-SECTIONAL DIMENSIONS: +4"

PLUMBNESS: 3"

LONGITUDINAL DIMENSIONS (LAY LENGTH): 3" PER
10!_0" . )
WHEN CHECKED WITH A 10'-0" STRAIGHT EDGE,
IRREGULARITIES SHALL NOT EXCEED +3"

6. REINFORCING COVER: 11" (-", +§")
7.  REINFORCING SPACING: #2" NON-CUMULATIVE

TESTING/INSPECTION:
FMC QCP/NYSDOT '

UNIT MARKING:

EACH UNIT SHALL BE PERMANENTLY
MARKED WITH THE FOLLOWING:

H W=

w

FMC MM/YY

EACH UNIT SHALL ALSO BE LABELED OR
PAINTED WITH THE FOLLOWING
INFORMATION FOR FIELD INSPECTION
PURPOSES:

FMC

D.O.M.
MK#/PIECE 1.D.
NYSDOT

NO. DATE

BY REVISIONS

THE FORT MILLER Co., Inc.

H10 { 10'-0" 0.99 2.01 2

"0" Sl_on *

NYSDOT

Hi12 | 12'-0" 1.19

2.42 2'-g"

3-0"

H14 | 14-Q" 1.39 2.82 4

_0" 5!_0"

@ Approved

ANCHOR HOLE,

P H16

16'-0" 1.59

3.22 4'-0"

5-0"

] Approved As Noted

H18 | 18-0" 1.79 3.62 4

_0" 5|_0n

@ N O | W

OHIGINAL SIGNED BY:

H20 | 20'-0" 1.99

4.03 4'-0"

5!_0"

J. P. REIDY JAK o 5

LRVE

9

P.0. BOX 98

SCHUYLERVILLE, NY 12871

(518) 695—5000/(518) 695-4970 FAX
www.fortmiller.com

CONTRACT NO.:
PROJECT:

F.M. JOB NO.

SHEET NO.
DATE:

DRN. BY:

CHK. BY:

LOCATION:

SCALE:

S04 ouguecr.  H-KEY TEMPORARY BARRIER 8' TO 20'

* 8'-0" & 10"-0" UNITS HAVE ONLY (1) DRAINAGE SLOT. SLOTIN By ,
8'-0" UNIT IS 5'-0" IN FROM ONE END & 3'-0" IN FROM THE QTHER.

For: Director Materials Bureau
Drawing Verified In English Units Only
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