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1 INTRODUCTION  

1.1 Background 

The Hawaii Department of Transportation (HDOT) utilizes a buried-in-backslope (BIB) 

guardrail end terminal, referred to as the Modified Type A-1 flared BIB guardrail end terminal. 

The Hawaii buried-in-backslope (HBIB) system consists of a guardrail end terminal anchored into 

a reinforced concrete block that is inset into a roadside cut slope; continues with a flared, strong-

post, W-beam guardrail system with a rubrail through a section of sloped roadside terrain; and then 

continues with a strong-post, W-beam guardrail system along the roadway shoulder. However, the 

crashworthiness of this system under current impact safety standards has not been demonstrated. 

This report documents the system modifications and full-scale crash testing conducted to evaluate 

the safety performance of the modified Type A-1 flare system according to the American 

Association of State Highway and Transportation (AASHTO) Manual for Assessing Safety 

Hardware, Second Edition (MASH) criteria [1] in standard direction for run-off-road impacts.  

HDOT provided the research team with four system configurations that varied the location 

of the end anchorage block. Option 1 consisted of the least offset from the roadway and utilized a 

single flare rate, terminating in an anchor block. The flare rate of Option 1 was dependent on the 

design speed of the roadway. Option 2 utilized the same flared configuration as Option 1 but added 

an additional 7.4:1 flare rate before terminating the system. Options 3 and 4 added additional 

steepening flare rates to the upstream end of the previous options. Of the four options, HDOT 

indicated that Option 1 was the most common (estimated 75%) and Option 2 was the second most 

common (20-25%). Few, if any, actual installations used Options 3 and 4. Thus, while Options 3 

and 4 were possibly more severe, they may not be used in practice. Thus, the most severe 

configuration that would be used on the roadway was Option 2, shown in the system plans provided 

by HDOT in Figures 1 through 3. 

1.2 Objective 

The objective of this research was to conduct full-scale crash testing of the HDOT buried-

in-backslope system according to MASH Test Level 3 (TL-3) impact safety standards. This report 

describes the performance of the HBIB system in the standard direction of impact; a second report 

describes testing of the system in the reverse direction. 

1.3 Scope 

The research objective was performed through the completion of several tasks. The first 

task included a comprehensive literature review of the existing BIB roadside safety features. The 

research team identified potential design revisions to improve constructability and standardization. 

System plans were developed, and a ditch with a 6:1 foreslope and 2:1 backslope was constructed 

to model an HDOT roadside ditch. The system was constructed and subjected to five full -scale 

crash tests in accordance with MASH test designation nos. 3-32 through 3-35. The full-scale 

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

tests for reverse direction impacts will be detailed in a subsequent report. Conclusions and 

recommendations were then made pertaining to the safety performance of the HBIB guardrail, 

rubrail, and end anchorage. 
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Figure 1. HDOT Standard Plans - HBIB Modified Type A-1 Flare, Sheet 1 
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Figure 2. HDOT Standard Plans - HBIB Modified Type A-1 Flare, Sheet 2 
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Figure 3. HDOT Standard Plans - HBIB Modified Type A-1 Flare, Sheet 3 
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2 LITERATURE REVIEW  

A literature review was performed on previously crash-tested BIB systems that were 

considered relevant to the HDOT system. The literature review was separated into three topics: (1) 

BIB full -scale crash testing; (2) W-beam-to-bridge rail transition full-scale crash testing; and (3) 

W-to-thrie-beam transition full-scale crash testing. An evaluation of the similarities and 

differences between the tested systems and the current HDOT BIB Midwest Guardrail System 

(MGS) design is discussed in each section. 

2.1 Buried-in-Backslope Terminal Testing 

A lit erature review of previously crash-tested BIB systems was completed to inform 

researchers on design details of failed and successful systems. Upstream and downstream W-beam 

anchorage details, impact points, ditch configurations, and rail heights were considered for 

previously-evaluated systems. The majority of systems were evaluated to National Cooperative 

Highway Research Program (NCHRP) Report No. 350 TL-3 impact conditions and evaluation 

criteria, and one system was evaluated to MASH TL-3 impact conditions. 

2.1.1 Buried-in-Backslope Terminal with 6:1 V-Ditch (1998) 

The Texas A&M Transportation Institute (TTI) evaluated the crashworthiness of a BIB 

terminal according to crash test evaluation criteria [2] described in National Cooperative Highway 

Research Program (NCHRP) Report No. 350 [3]. The BIB terminal system was installed adjacent 

to a V-ditch with a 6:1 foreslope and a 4:1 backslope. The ditch was constructed with a flat (zero-

grade) paved shoulder followed by a 6:1 slope extending 8 ft ï 10¼ in. laterally to a maximum 

depth of 1 ft ï 5½ in., and a 4:1 backslope that extended approximately 20 ft laterally from the 

ditch bottom. The guardrail system crossed the center of the V-ditch 2 ft ï 3Ȫ in. upstream from 

post no. 8. 

The BIB guardrail system consisted of W-beam guardrail with a W-beam rubrail attached 

to W6x9 steel posts. Timber blockouts supporting the upper rail measured 6 in. x 8 in. x 14 in. tall 

and were routed to fit over the steel post flanges. The guardrail beginning at post no. 22 was parallel 

to the travel way. The top of the posts in this section was 26½ in. measured from the shoulder 

grade. At the upstream end of the system, post ñAò was buried 11.8 in. below the surface of the 

backslope and anchored the upper W-beam rail. The 12-gauge W-beam guardrail was attached to 

the 8-ft long W6x9 steel posts with 8-in. deep blockouts. The guardrail was flared  at a 4:1 flare 

rate between posts A, B, 1, and 2, which were numbered sequentially beginning at the upstream 

end anchor. The W-beam rail was flared   6:1 between post nos. 2 through 4, 8:1 between post nos. 

4 through 8, and 13:1 from post nos. 8 through 22. From post no. 22 to the downstream end of the 

system, the guardrail was parallel to the travel way. The W-beam rubrail was mounted to the front 

face of the posts using ȩ-in. bolts and was located 3 in. below the bottom of the upper rail. The 

rubrail extended from post no. 2 to 22. The upstream end of the rubrail was anchored using a plate 

bracket attached to post no. 2. The downstream end of the rubrail was terminated at the back side 

of post no. 22 using a ȩ-in. dia. bolt and spacer sleeve. The system layout is shown in Figure 4 

and the system installation is shown in Figure 5. 
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Figure 4. Buried-in-Backslope Terminal with 6:1 V-Ditch Installation Schematic [2] 
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Figure 5. Buried-in-Backslope Terminal with 6:1 V-Ditch and Rubrail Installation [2] 

Test no. 404211-1 was conducted according to NCHRP Report No. 350 test designation 

no. 3-35, consisting of a 2000P pickup truck impacting the system at approximately 62 mph and 

an angle of 25 degrees at the critical impact point (CIP), which was located at post no. 8. During 

test no. 404211-1, the vehicle impacted the BIB system 3½ in. downstream from post no. 8 at 60.4 

mph and an angle of 25.2 degrees. The test vehicle was smoothly redirected and came to a stop 

219 ft ï 3 in. downstream from impact. After the test, deformation of the upper and lower W-beam 

guardrail extended from post nos. 8 through 11, as shown in Figure 6. No penetration, override, or 

underride was observed after the test. NCHRP Report No. 350 test designation no. 3-34 was not 

performed on the BIB system. Test no. 404211-1 was the first BIB end anchorage to successfully 

meet NCHRP Report No. 350 criteria. The test evaluation summary is shown in Figure 7. 

   

Figure 6. Buried-in-Backslope Terminal with 6:1 V-Ditch, System Damage, Test No. 404211-1 

[2] 
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Figure 7. Evaluation Summary of Buried-in-Backslope Terminal with 6:1 V-Ditch, Test No. 404211-1 [2]
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2.1.2 Buried-in-Backslope Terminal with 4:1 Slope (2000) 

TTI evaluated the crashworthiness of a modified version of the BIB terminal with a steeper, 

4:1 V-ditch according to safety criteria described in NCHRP Report 350 [2]. Posts A, B, 1, and 2, 

numbered sequentially beginning at the end anchor, were fully embedded below grade in the 

backslope at a minimum of 11.8 in. Post nos. 3 through 5 were partially embedded such that the 

upstream end of the guardrail and rubrail was buried in the soil. As shown in Figure 8, the guardrail 

system was flared at four rates: 4:1 between post nos. A, B, 1, and 2,  6:1 between post nos. 2 

through 4, 8:1 between post nos. 4 through 8, and 13:1 between post nos. 8 through 20. The V-

ditch consisted of a 4:1 foreslope which was 6 ft wide with a 2:1 backslope continuing behind the 

rail. The top of the rail for the length of need was 27¾ in. above the shoulder grade.  

A W-beam rubrail was installed 3 in. below the upper rail and extended from post nos. 2 

to 20. The rubrail was mounted to the posts with ȩ-in. diameter bolts. The rubrail was connected 

to post no. 2, and the downstream end of the rubrail was connected to the back of post no. 20 with 

a ȩ-in. diameter bolt. Post nos. A, B, and 1 were connected to the guardrail using ½-in. x 30-in. x 

29Ȫ-in. steel plates. The system installation is shown in Figure 8 and the system layout is shown 

in Figure 9. 

  

        

Figure 8. Buried-in-Backslope Terminal with 4:1 Slope Installation, Test No. 404211-13 [2]
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Figure 9. Buried-in-Backslope Terminal with 4:1 Slope Installation, Test No. 404211-13 [2] 
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Test no. 404211-13 was conducted according to NCHRP Report No.350 test designation 

no. 3-35. The 2000P vehicle impacted the system at post no. 8, corresponding to the beginning of 

the Length of Need (LON). The vehicle was smoothly redirected and came to rest 111 ft ï 6.6 in. 

downstream from impact, satisfying all NCHRP Report No. 350 evaluation criteria. The damage 

to the system was deemed moderate considering the deformation of both rails. The maximum 

dynamic deflection was 2.8 ft and the permanent set for the rubrail and top rail were 17½ and 27Ȩ 

in., respectively. The system damage is shown in Figure 10. The test report summary page is shown 

in Figure 11. Test no. 404211-13 was determined to be successful according to NCHRP Report 

No. 350 test designation no. 3-35. 

   

Figure 10. Buried-in-Backslope Terminal with 4:1 Slope, System Damage, Test No. 404211-13 

[2] 
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Figure 11. Evaluation Summary of Buried-in-Backslope Terminal with 4:1 Slope, Test No. 404211-13 [2]
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2.1.3 Testing and Evaluation of W-beam Buried-in-Backslope with Ditch (1999)  

Following the successful performance of the BIB system in a 6:1 V-ditch, TTI evaluated 

alternative anchorage options for a W-beam BIB system [4]. The anchor block was buried with 

11.8 in. minimum cover which transitioned into a V-ditch with a 7013/16-in. wide, 10:1 foreslope 

and a 35½-in. flat ditch followed by a 2:1 backslope. The BIB system utilized W-beam guardrail 

and strong steel posts. The guardrail was flared at 8:1 between post nos. 1 through 6 and 13:1 

between post nos. 6 through 22. Beginning at post no. 22, the guardrail was parallel to the travel 

way and extended for 100 ft. The height of the upper rail was 27Ȫ in. measured from the shoulder 

grade and held constant throughout the system. The BIB end treatment included standard W-beams 

connected to W6x8.5 steel posts using wood blockouts and ȩ-in. dia. button-head bolts. All posts 

were spaced 75 in. on center. An RWE02 terminal connector was used in this installation to 

connect the W-beam to the concrete anchor block. Four M24 x 50 galvanized hex head cap screws 

were used to connect the terminal connector to the concrete block anchor. The connector was 

spliced to the W-beam with eight ȩ-in. diameter bolts, and the rubrail was centered 13¾ in. below 

the center of the W-beam. The BIB system was flared 13:1 through the ditch, with the bottom of 

the ditch located between post nos. 8 and 9. The system installation is shown in Figure 12.  

    

Figure 12. BIB Terminal with Ditch Guardrail Installation, Test No. 405521-1 [4] 

 Test no. 405521-1, was conducted according to NCHRP Report No. 350 test designation 

no. 3-35. A Chevrolet 2500 pickup truck impacted the system at a speed of 61 mph and an impact 

angle of 21.3 degrees to the tangent section of the guardrail, approximately 7 in. upstream from 

post no. 8. The vehicle was smoothly contained and redirected and came to a controlled stop 173 

ft ï 10 in. downstream from the point of impact. Test no. 405521-1 was successful according to 

NCHRP Report No. 350 criteria for test designation no. 3-35. The vehicleôs length of contact with 

the guardrail elements was 20 ft. The system was damaged between post nos. 7 through 12. The 

maximum post deflection of 19ȩ in. occurred at post no. 7. The system damage is shown in Figure 

13 and a summary of the test results is shown in Figure 14. 
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Figure 13. Buried-in-Backslope Terminal Damage, Test No. 405521-1 [4]
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Figure 14. Summary of Results for Test No. 405521-1 [4] 
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2.1.4 Testing of W-beam Buried-in-Backslope with Drop Inlet (1999)  

A system involving a drop inlet instead of a V-ditch was also evaluated by TTI [4]. The 

system consisted of standard W-beam guardrail flared across the ditch with the end anchored to a 

BIB concrete block. The guardrail between post nos. 1 through 6 was flared at 8:1, and the rail 

between post nos. 6 through 22 was flared at 13:1. The top of the guardrail between post nos. 1 

through 6 was tapered from 27Ȫ in., measured from the shoulder grade at post no. 6, to 9½ in. at 

the concrete block for the end treatment with the drop inlet. The guardrail beginning at post no. 22 

was parallel to the travel way, and extended for 100 ft. The top of the rail was 27¾ in. high 

measured from the shoulder grade. Posts were spaced at 75 in. on center. The BIB concrete anchor 

block was attached to the rail using a terminal connector. The rubrail spanned from post nos. 2 

through 14, with the downstream end of the rubrail connected to the back of the flange of post no. 

14. 

For the drop inlet configuration, the ditch was graded at a 10:1 slope for 8 ft ï 10 in. after 

which the 2:1 backslope began. The BIB concrete block was anchored with a 11.8-in. minimum 

cover. The system installation is shown in Figure 15 and the system layout is shown in Figure 16.  

    

Figure 15. W-beam Buried-in-Backslope with Drop Inlet Installation, Test No. 405521-2 [4] 
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Figure 16. W-beam Buried-in-Backslope with Drop Inlet Schematics, Test No. 405521-2 [4] 
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Test no. 405521-2 was conducted according to NCHRP Report No. 350 test designation 

no. 3-35. A Chevrolet 2500 pickup truck impacted the system at a speed of 60.3 mph and an angle 

of 22 degrees at post no. 8. The vehicle was smoothly redirected and came to rest 137 ft ï 9½ in. 

downstream from the point of impact. Test no. 405521-2 was successful according to NCHRP 

Report No. 350 criteria for test designation no. 3-35. The length of vehicle contact with the system 

was approximately 24 ft ï 3Ȩ in. The maximum dynamic deflection of the W-beam rail was 2 ft 

ï 7½ in. between post nos. 9 through 10. The maximum permanent deformation of the rail elements 

was 1 ft ï 7½ in. at post no. 9. The system damage is shown in Figure 17 and a test summary is 

shown in Figure 18.  

    

Figure 17. W-beam Buried-in-Backslope with Drop Inlet, Guardrail Damage, Test No. 405521-2 

[4] 
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Figure 18. Summary of Results, Test No. 405521-2 [4]
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2.1.5 Buried-in-Backslope Terminal with MGS (2018) 

In 2018, TTI redesigned the BIB terminal using standardMGS [5]. The installation 

consisted of a tangent MGS guardrail system connected to a flared, BIB terminal with a constant 

31-in. top mounting height relative to the roadway between post nos. 10 through 40. The V-ditch 

had a 72-in. wide, 4:1 foreslope that initiated from the edge of the pavement, and a 2:1 backslope 

with a maximum height of 66 in. measured from the bottom of the ditch. The bottom of the ditch 

crossed the rail terminal between post nos. 9 and 10. The upstream end of the system was designed 

by the Texas Department of Transportation (TxDOT). The guardrail was flared across a V-ditch, 

while the end was anchored to three 72-in. long steel posts. Post nos. 1 through 3 were spaced at 

37½ in.  on center while all other posts were spaced at 75-in. on center. W-beam guardrail was 

attached to 72-in. long W6x8.5 posts and 6-in. x 8-in. timber blockouts using 10-in. long, ȩ-in. 

diameter guardrail bolts.  

The BIB system incorporated three flare rates. At the downstream end of the rubrail, the 

guardrail was flared at a 13:1 rate between post nos. 10 through 22. The rail was flared at an 8:1 

rate between post nos. 6 through 10, and a 6:1 rate between post nos. 4 through 6. The rail was 

terminated at post nos. 1 through 4 with a 4:1 flare rate. The system sloped downward starting at 

post no. 10. Post nos. 5 and 6 were partially buried in the backslope and post nos. 1 through 4 were 

fully buried in backslope. The system layout is shown in Figure 19 and the system installation is 

shown in Figure 20.  

 

Figure 19. 31-in. Tall BIB Terminal with MGS Layout [5] 
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Figure 20. Pre-test Photographs, Test No. 608431-01-2 [5] 

Test no. 608431-01-2 was conducted according to MASH test designation no. 3-34. The 

1100C test vehicle impacted the system 18½ in. downstream from post no. 9, corresponding to the 

beginning of LON of the terminal, at a speed of 64.1 mph and the angle of 14.5 degrees. Due to 

the vehicleôs interaction with the slope as it traveled into the ditch, the actual impact angle was 

17.8 degrees to the roadway and 24.9 degrees with respect to the travel tangent line. The vehicle 

was smoothly redirected by the system and came to rest 303 ft downstream from the impact point 

and 45 ft toward traffic. Damage to the test article was limited, consisting of bent and deformed 

posts, flattened W-beam guardrail, and posts and blockouts that disengaged from the rail. The 

maximum dynamic deflection was 1915/16 in. at post no. 9, and the maximum plastic deformation 

was 5½ in at post no. 10. Post-test damage photographs are shown in Figure 21. The performance 

of the BIB system with MGS was determined to be successful according to MASH test designation 

no. 3-34. A summary of the test results is shown in Figure 22.  

      

Figure 21. Installation Damage, Test No. 608431-01-2 [5] 
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Figure 22. 31-in. Buried-in-Backslope Terminal Results Summary, Test No. 608431-01-2 [5] 
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A second full -scale crash was conducted according to MASH TL-3 test designation no. 3-

35 [5]. Test no. 608431-01-1 evaluated the systemôs robustness at the beginning of the LON, which 

was determined to be 19 in. downstream from post no. 9, corresponding to the point where the 

system crossed the bottom of the V-ditch. The system and the point of impact are shown in Figure 

23.  

   

Figure 23. Impact Location for Test No. 608431-01-1 [5] 

A 2012 RAM 1500 pickup impacted the system 19ȩ in. downstream from post no. 9 at a 

speed of 63.3 mph and an angle of 25.4 degrees. Due to the vehicleôs interaction with the slope as 

it traveled into the ditch, the actual impact angle was 27.2 degrees to the roadway and 34.3 degrees 

with respect to the travel tangent line. The vehicle was smoothly contained and redirected and 

came to rest 167 ft downstream from the impact point. During impact, a 4½-in. tear occurred in 

the rubrail at the splice between post nos. 11 and 12. The upper and lower W-beam rails detached 

from post nos. 12 through 15. The maximum dynamic and permanent deflections of the system 

were both 517/16 in. Overall system damage is shown in Figure 24. Test no. 608431-01-1 was 

deemed successful and all MASH TL-3 safety criteria for test designation no. 3-35 were satisfied. 

A summary of the test results is shown in Figure 25. 

   

Figure 24. Installation Damage, Test No. 608431-01-1 [5] 








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































