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1 INTRODUCTION  

1.1 Background 

The Hawaii Department of Transportation (HDOT) utilizes a thrie beam approach guardrail 

transition (AGT) to connect W-beam guardrail to concrete barriers and bridge rails. However, the 

crashworthiness of this AGT 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 HDOT thrie beam AGT to concrete parapet in accordance with the 

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

Safety Hardware, Second Edition (MASH 2016) [1].  

HDOTôs AGT consisted of nested thrie beam supported by W6x15 posts with a 6-in. tall, 

vertical curb located below the thrie beam guardrail, as shown in Figures 1 through 10. The 

downstream end of the guardrail is connected to a specialized concrete end post, HDOTôs Type 2 

End Post. The end post can be configured to match up with either HDOTôs 34-in. tall vertical 

concrete bridge rail, as shown in Figures 1 through 4, or HDOTôs 42-in. tall vertical concrete 

bridge rail, as shown in Figures 5 through 8. Note, that both of these bridge rails have previously 

been evaluated to the Test Level 3 (TL-3) criteria of MASH 2016 [2-3].  

The upstream end of the AGT was originally transitioned to W-beam guardrail utilizing a 

symmetric W-to-thrie transition segment, as shown in Figures 2, 6, and 10. However, HDOT 

recently adopted the Midwest Guardrail System (MGS), which raised the top-mounting height of 

the W-beam guardrail to 31 in.  Subsequently, the upstream end of the transition needed to be 

redesigned to connect the taller W-beam systems to the AGT. Additionally, modifying the 

upstream end of the AGT to replicate previously MASH evaluated upstream stiffness transitions 

would reduce the number of crash tests necessary to evaluate the entire AGT. Therefore, the AGT 

system was to be modified as part of this research study, in addition to evaluating the HDOT AGT 

to concrete parapet to the MASH 2016 TL-3 criteria.  

1.2 Objective 

The objective of this report was to evaluate the safety performance of the modified HDOT 

Thrie Beam AGT between MGS and concrete parapet. The system was evaluated according to the 

TL-3 criteria of MASH 2016 [1].  

1.3 Scope 

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

included a review of the existing HDOT AGT to concrete parapet, the identification of potential 

safety issues, and the recommendation of system modifications to improve the crashworthiness of 

the AGT. The modified system was then constructed and subjected to two full -scale crash tests in 

accordance with MASH 2016 test designation nos. 3-20 and 3-21. The full-scale vehicle crash test 

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

made pertaining to the safety performance of the HDOT AGT to concrete parapet. 
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Figure 1. HDOT AGT to 34-in. Tall Bridge Rail Details 
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Figure 2. HDOT AGT to 34-in. Tall Bridge Rail Details, Continued 
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Figure 3. HDOT AGT to 34-in. Tall Bridge Rail Details, Bridge Rail Cross Sections 
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Figure 4. HDOT AGT to 34-in. Tall Bridge Rail Details, AGT and End Post Cross Sections 
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Figure 5. HDOT AGT to 42-in. Tall Bridge Rail Details 



 

 

7
 

M
a
rc

h
 2

0, 2
02

0  

M
w

R
S

F
 R

e
p
o

rt N
o
. TR

P
-0

3-4
2
5-2

0 

 

Figure 6. HDOT AGT to 42-in. Tall Bridge Rail Details, Continued 
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Figure 7. HDOT AGT to 42-in. Tall Bridge Rail Details, Bridge Rail Cross Sections 
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Figure 8. HDOT AGT to 42-in. Tall Bridge Rail Details, AGT and End Post Cross Sections 
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Figure 9. HDOT AGT Details, Material Specifications and Notes 
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Figure 10. HDOT AGT Details, Guardrail and Connection Hardware 
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2 DESIGN DETAILS  

2.1 Design Modifications 

As described previously, the upstream region of the HDOT thrie beam AGT was modified 

to include the MGS with a top rail mounting height of 31 in. Specifically, the MGS upstream 

stiffness transition, which was successfully evaluated and crash tested to MASH TL-3, was 

incorporated into the HDOT AGT design. The MGS upstream stiffness transition was designed to 

transition from 31-in. tall W-beam guardrail to the stiffened thrie beam regions of AGTs using an 

asymmetrical W-to-thrie transition rail segment and standard 6-ft long W6x8.5 or W6x9 guardrail 

posts [4]. The MGS stiffness transition was designed to be compatible with a variety of thrie beam 

AGTs. Thus, its inclusion within the HDOT AGT would only require modifications to a few 

components, all of which were discussed with HDOT prior to the finalization of the new AGT 

design. 

Merging the HDOT AGT and the MGS upstream stiffness transition required the use of 

the asymmetrical W-to-thrie rail segment and a rearrangement of the posts. The top of Figure 11 

shows the original HDOT AGT, while the bottom of the figure shows the as-tested MGS upstream 

stiffness transition. The middle of Figure 11 depicts the merging of the two transitions to create a 

modified HDOT AGT. Note that the length of the thrie beam and transition rail segments remained 

the same. The modified HDOT AGT incorporated two more posts than the original HDOT AGT, 

but the additional posts located within the upstream stiffness transition were deemed necessary to 

provide a smooth transition between standard MGS and the stiffened, nested thrie beam region of 

the AGT. Further elimination of posts in this region of the system would require additional tests 

to evaluate the safety performance in this region. Additionally, the number of the larger W6x15 

transition posts was reduced from eight to four, and only post nos. 1 and 2 were spaced 18.75 in. 

apart. The rest of the W6x15 posts were spaced at 37.5 in. on-center. 

HDOTôs original AGT was detailed with a top rail height of 32 in., as noted in Figure 11. 

However, most thrie beam AGTs, the MGS stiffness transition, and the MGS itself have nominal 

rail mounting heights of 31 in.  Therefore, the top-mounting height of the thrie beam was reduced 

from 32 in. to 31 in. within the modified transition.  

HDOTôs Type D2 End Post is 34 in. tall, so the end post extended 3 in. above the 31-in. 

thrie beam. Due to concerns of vehicle snag on the upstream end of the end post above the rail, a 

vertical taper measuring 2 in. vertically and 12 in. longitudinally was placed on the upstream end 

of the parapet. Note, this taper was not included in the sketches in Figure 11 as it would be too 

small to see clearly, but it was incorporated into the test articleôs detailed drawings. 

The original HDOT AGT used W6x12 steel blockouts between the W6x15 posts and the 

guardrail segments. However, wide-flange steel blockouts have been associated with multiple 

performance issues. First, the thin, single web of wide-flange sections make the blockout more 

vulnerable to buckling, which allows for increased lateral displacements and increases the risk of 

vehicle snag. Second, the flange edges of wide-flange sections represent relatively sharp, hard 

points that induce stress concentrations that can lead to tearing in the rail. Previously, rectangular 

HSS tube blockouts have been developed for use within AGTs as they are much less likely to 

buckle/fail under lateral loading and have rounded edges that greatly reduce the risk of rail tearing 
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[5]. Therefore, the modified HDOT AGT incorporated rectangular HSS tube blockouts instead of 

the previous-used W6x12 blockouts. 

The original HDOT also specified 12-in. backup plates for use behind the guardrail except 

for post locations adjacent to nested rail sections or at rail splices. The modified HDOT AGT 

design limited the amount of backup plates to only two post locations within the entire AGT.  

Further, the risk of rail tearing was reduced by the switch to HSS tube blockouts. Subsequently, 

backup plates were deemed unnecessary and were removed from the modified HDOT AGT. 

A total of seven bolts were used in the original HDOT AGT to anchor the thrie beam to the 

Type D2 End Post, five Ȫ-in. diameter bolts in the terminal connector and two ȩ-in. diameter bolts 

through the center of the splice between the terminal connector and the nested thrie beam. Previous 

MASH crash testing of thrie beam transitions has shown that the five Ȫ-in. diameter bolts are 

sufficient to anchor the rail [6-9]. Thus, the extra two bolts in the center of the splice were removed 

from the modified HDOT AGT. 

Finally, the 6-in. curb located beneath the thrie beam rails was flared away from the 

roadway to mitigate wheel snag in the original HDOT AGT design. However, the same flared curb 

would interfere with the placement of post no. 7 in the modified HDOT AGT, as shown in Figure 

12. Multiple options were investigated to alleviate this issue, including reducing the lateral flare 

of the curb and reducing the length of the curb such that it terminates within the 37.5-in. spacing 

of the W6x15 transition posts. Ultimately, HDOT decided to eliminate the flare and instead 

terminate the curb with a vertical taper, as shown at the bottom of Figure 12. Note, the longitudinal 

length of the tangent curb in the modified HDOT AGT remained the same as the flared curb in the 

original HDOT AGT. 
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Figure 11. Modified HDOT AGT with Inclusion of MGS Upstream Stiffness Transition 
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Figure 12. Modified HDOT AGT with Inclusion of MGS Upstream Stiffness Transition 

2.2 Test Article Details ï Modified HDOT AGT  

The modified HDOT AGT test installation was approximately 83 ft long and consisted of 

a concrete parapet, transition, a thrie beam AGT, MGS, and a guardrail anchorage system, as 

shown in Figures 13 through 41. Photographs of the test installation are shown in Figures 42 

through 44. Material specifications, mill certifications, and certificates of conformity for the 

system materials are shown in Appendix A.  

At the downstream end of the test installation, there existed an 8-ft long version of HDOTôs 

Type D2 End Post. Since the downstream half of the end post was not expected to interact with 
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the test vehicles, the length of the end post was reduced from its standard 18-ft length to reduce 

installation costs. The test installation end post was 34 in. tall, 18 in. wide, and was reinforced with 

a combination of longitudinal and lateral steel rebar. The vertical steel bars of the end post were 

anchored directly to the non-reinforced existing concrete tarmac using a chemical epoxy with a 

minimum bond strength of 1,450 psi. The upstream end of the end post was sloped vertically with 

a 2-in. x 12-in. taper. The face of the end post was recessed 4 in. at the location of the guardrail 

terminal connector so that the face of the thrie beam was nearly flush with the face of the concrete 

parapet. The concrete was found to have a compressive strength of approximately 4,900 psi prior 

to crash testing. 

The downstream end of the AGT was comprised of 12.5 ft of nested thrie beam rail 

supported by W6x15 steel posts at various spacings, while the upstream end of the AGT 

incorporated the previously MASH tested MGS upstream stiffness transition [4] to connect the 

AGT to the adjacent MGS. All guardrail segments had a top mounting height of 31 in. Blockouts 

within the AGT consisted of rectangular HSS steel tubes. The W6x15 posts were 7 ft long, while 

the W6x8.5/W6x9 posts were 6 ft long. To ensure the width of the blockouts matched the width 

of the posts, 6-in. wide blockouts were used with W6x15 posts, and 4-in. wide blockouts were 

used with W6x8.5/W6x9 posts.  

A 6-in. tall concrete curb was placed below the AGT with its front face flush with the face 

of the guardrail. The curb began at the upstream end of the concrete end posts and extended 176.25 

in. upstream. The curb was terminated with a vertical taper measuring 4 in. vertically by 36 in. 

longitudinally prior to extending below the asymmetrical W-to-thrie transition segment. A 4-in. x 

12-in. vertical taper was applied to the downstream end of the curb adjacent to the concrete end 

post to mitigate wheel snag on the end post. 

Approximately 37.5 ft of MGS extended from the upstream end of the AGT. This MGS 

region of the test installation utilized plastic blockouts manufactured by Mondo Polymer 

Technologies.  

Finally, a guardrail anchorage system typically utilized as a trailing end terminal was 

utilized to anchor the upstream end of the test installation. The guardrail anchorage system was 

originally designed to simulate the strength of other crashworthy end terminals. The anchorage 

system consisted of timber posts, foundation tubes, anchor cables, bearing plates, rail brackets, 

and channel struts, which closely resembled the hardware used in the Modified Breakaway Cable 

Terminal (BCT) system.  The guardrail anchorage system has been MASH TL-3 crash tested as a 

downstream trailing end terminal [10-13]. 
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Figure 13. System Layout, Test No. HWTT-1 
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Figure 14. System Layout, Test No. HWTT-2  
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Figure 15. Post Nos. 3 through 10 Details, Test Nos. HWTT-1 and HWTT-2  
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Figure 16. Post Nos. 11 through 19 Details, Test Nos. HWTT-1 and HWTT-2 
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Figure 17. Type D2 End Post and Terminal Connector, Test Nos. HWTT-1 and HWTT-2 


































































































































































































































































































































































































