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1 INTRODUCTION  

1.1 Background 

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

(AASHTO) implemented an updated standard for the evaluation of roadside hardware. The 2009 

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

criteria for evaluating roadside hardware beyond the previous National Cooperative Highway 

Research Program (NCHRP) Report 350 [2] standard through updates to the test vehicles, test 

matrices, and impact conditions. To encourage state departments of transportation and hardware 

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

AASHTO collaborated to develop a MASH implementation policy that includes sunset dates for 

various categories of roadside hardware. Further, the MASH 2009 safety criteria was updated in 

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

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

The proposed MASH 2016 implementation dates for the various hardware categories are listed 

below. 

Å December 31, 2017: W-beam barriers and cast-in-place concrete barriers 

Å June 30, 2018: W-beam terminals 

Å December 31, 2018: cable barriers, cable barrier terminals, and crash cushions 

Å December 31, 2019: bridge rails, transitions, all other longitudinal barriers (including 

portable barriers installed permanently), all other terminals, sign supports, and all other 

breakaway hardware 

Å Temporary work zone devices, including portable barriers, manufactured after December 

31, 2019, must have been successfully tested to the 2016 edition of MASH. Such devices 

manufactured on or before this date, and successfully tested to NCHRP Report 350 or the 

2009 edition of MASH, may continue to be used throughout their normal service lives. 

The New York State Department of Transportation (NYSDOT) currently uses roadside 

hardware systems, such as cable, W-beam supported by either weak posts or heavy posts with 

blockouts, and box beam systems. NYSDOT desires to continue to have access to these systems 

following the MASH implementation date noted above. However, the increased mass of the 

MASH 2270P vehicle and kinetic energy of the crash test has been shown to increase impact 

loading and dynamic deflection of guardrail systems. Thus, a need exists to evaluate the noted 

systems under the MASH 2016 criteria to determine each systemôs dynamic deflection, working 

width, and crashworthiness under MASH 2016 Test Level 3 (TL-3). 

1.2 Objective 

The objective of this research was to evaluate NYSDOTôs box beam to weak-post W-beam 

transition system. The system was evaluated according to the TL-3 criteria of MASH 2016 [3]. 
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1.3 Scope 

The research objective was achieved through the completion of several tasks. Two full -

scale crash tests were conducted on the box beam to weak-post W-beam transition system 

according to MASH 2016 test designation no. 3-21. Next, the full-scale crash test results were 

analyzed, evaluated, and documented. Conclusions and recommendations were then made 

pertaining to the safety performance of the box beam to weak-post W-beam transition system. 
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2 DESIGN DETAILS  

The test installation consisted of a 224-ft 1¾-in. (68.3-m) long New York box beam to 

weak-post W-beam transition, as shown in Figures 1 through 35 for test nos. NYBWT-2 and 

NYBWT-3. Photographs of the NYBWT-2 and NYBWT-3 test installations are shown in Figures 

36 through 40 and Figures 41 through 43, respectively. The installation for test no. NYBWT-3 was 

identical to the installation for test no. NYBWT-2. The only difference between the two tests was 

the impact point and direction of travel. The New York Standard sheet for box beam to weak-post 

W-beam transition is shown in Appendix A. Material specifications, mill certifications, and 

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

Each ASTM A500 Grade B box beam section, measuring 6 in. x 6 in. x 3/16 in. (152 x 152 

x 5 mm) thick, was 215½ in. (5,474 mm) in length and installed at a height of 27 in. (686 mm). 

The box beam sections were spliced together with splice plates. For this test series, the splice plate 

configuration consisted of tack welded nuts as shown in Figures 8 and 30. The cable transition 

assembly located between post nos. 13 and 19 was attached to the transition anchor assembly 360 

in. (9,144 mm) upstream from the downstream end of the box beam. The W-beam guardrail was 

mounted with a top-rail height of 32 in. (813 mm) from the surface of the roadway. The rails were 

layered such that the upstream rail section was layered in front of the downstream section. 

All posts were 65-in. (1,651-mm) long, ASTM A36 S3x5.7 (S75x8.5) posts with attached 

soil plates. Post nos. 1 through 18 were spaced 72 in. (1,829 mm) on center and with an embedment 

depth of 3715/16 in. (964 mm) into the soil. Post nos. 19 through 25 were spaced 50 in. (1,270 mm) 

on center. Post nos. 25 through 28, 32, and 33 were spaced 75 in. (1,905 mm) on center. Post no. 

19 was embedded into the soil to a depth of 34ȩ in. (879 mm). Post nos. 28 through 32 were 

spaced out 150 in. (3,810 mm) on center. Post nos. 20, 21, 23, 24, and 27 were not connected to 

the rail. Post nos. 20 through 33 were embedded into the soil to a depth of 32ȩ in. (829 mm). The 

downstream anchorage assembly was attached to post no. 33 and its cable spanned 1453/16 in. 

(3,688 mm). All posts in the critical impact region were placed in 24-in. (610-mm) diameter holes, 

which were backfilled with well-graded gravel and tamped. Soil details are shown in Appendix C. 

Three separate anchor assemblies were contained in this system. The upstream end of the 

system was anchored using a reverse cable anchorage system to develop the longitudinal resistance 

in the rail for end-on impacts. The upper ends of the cables were connected to mounting plates 

bolted to the box beam, while the lower ends of the cables were connected to buried pile end 

anchors, as shown in Figures 10 and 39. The transition anchor consisted of three cables attached 

to a concrete block embedded in the soil upstream and behind the transition at an 11-degree offset 

from the box beam. The anchor cables were attached to the backside of the box beam just 

downstream from the transition cover. The downstream anchor consisted of the downstream end 

of the W-beam guard rail attached to a concrete block embedded in the soil behind and downstream 

from post no. 33 at a 14-degree offset from the front of the system. The end of the W-beam 

guardrail was attached to the concrete block such that the front of the rail was twisted to face 

upward. Details for the upstream cable anchor are shown in Figures 10 and 11. 

The 12-gauge (2.7-mm) transition cover was bolted to the box beam just upstream from 

post no. 16. It was also attached to the W-beam, which was bolted to the box beam. The transition 

anchor cables were bolted through box beam and the W-beam. The downstream end of the 

transition cover was bent into the W-beam in order to reduce vehicle snag on the transition cover.  
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Figure 1. System Layout, Test No. NYBWT-2 
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Figure 2. W-Beam Post Section, Test No. NYBWT-2  
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 Figure 3. Box Beam Post Section, Test No. NYBWT-2 
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Figure 4. Downstream Anchorage Details, Test No. NYBWT-2 
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Figure 5. End Post Support and W-beam Splice Detail, Test No. NYBWT-2 
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Figure 6. Rail Elevation Transition Details, Test No. NYBWT-2 
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Figure 7. Transition Layout, Test No. NYBWT-2 
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Figure 8. Transition, Post Attachment, and Box Splice Details, Test No. NYBWT-2 
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Figure 9. Cable Bracket Connection Details, Test No. NYBWT-2 
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Figure 10. Upstream Anchorage Details, Test No. NYBWT-2 
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Figure 11. Upstream Anchor Mounting Details, Test No. NYBWT-2 
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Figure 12. Downstream Anchor Assembly, Test No. NYBWT-2 
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Figure 13. Transition Anchor Assembly, Test No. NYBWT-2 
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Figure 14. Concrete Anchor Components, Test No. NYBWT-2 
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Figure 15. Transition Cable Bracket Assembly, Test No. NYBWT-2 
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Figure 16. Transition Cable Bracket Components, Test No. NYBWT-2 
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Figure 17. Post Assemblies, Test No. NYBWT-2 
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Figure 18. Post Components, Test No. NYBWT-2 
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Figure 19. Post Components, Rail Support Bracket and Post Collar, Test No. NYBWT-2 
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Figure 20. HFT Anchor Assembly, Test No. NYBWT-2 
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Figure 21. HFT Anchor Assembly Components, Test No. NYBWT-2 
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Figure 22. Upstream Cable Anchor Assembly Details Test No. NYBWT-2 
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Figure 23. Upstream Cable Anchor Components, Test No. NYBWT-2 
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Figure 24. Components Details, Test No. NYBWT-2 
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Figure 25. Anchor Cable Details, Test No. NYBWT-2 
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Figure 26. Cable Anchor Components, Test No. NYBWT-2 
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Figure 27. W-Beam Rail Section, Test No. NYBWT-2 














































































































































































































































































































































































































































