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1 INTRODUCTION  

1.1 Background 

Concrete box culverts are routinely installed under roadways in order to allow water 

drainage without affecting the motoring public. Unfortunately, these box culverts can also 

represent a hazard on the roadside when they do not extend outside of the clear zone and often 

require safety treatments in the form of roadside barriers. The most common safety barriers utilized 

to shield these areas are W-beam guardrail systems. However, low-fill culverts with less than 40 

in. (1,016 mm) of soil fill prevent the proper installation of standard guardrail posts due to a lack 

of available embedment depth. Numerous box culverts across the country utilize low-fill soil above 

the top slab, typically in the range of 1 to 3 ft (0.3 to 0.9 m). Previous crash testing has shown that 

W-beam installations with shallow post embedment do not perform adequately and are prone to 

vehicle override [1]. Therefore, low-fill culverts require specialized guardrail systems to safely 

treat the hazard.  

Currently, three different types of guardrail systems are being used to treat cross-drainage 

box culverts: (1) guardrail systems anchored to the top slab of the culvert; (2) long-span guardrail 

systems; and (3) guardrail systems mounted to the outer face of the culvert headwall. Top-mounted 

guardrail systems typically consist of steel posts welded to base plates, which are bolted to the top 

slab of the culvert. Anchoring the guardrail posts to the culvertôs top slab ensures that the post will 

provide the lateral stiffness necessary for the barrier to contain and safely redirect errant vehicles. 

One such system developed at the Midwest Roadside Safety Facility (MwRSF) incorporated W6x9 

(W152x13.4) steel posts spaced 37½ in. (953 mm) on center, a 27¾-in. (705-mm) top rail height, 

a deformable ½-in. (13-mm) base plate, and four 1-in. (25-mm) diameter threaded anchors [2-4], 

as shown in Figure 1. The system was originally designed and successfully tested to the safety 

performance criteria of National Cooperative Highway Research Program (NCHRP) Report No. 

350 [5], but was also successfully tested to American Association of State Highway and 

Transportation Officials (AASHTO) Manual for Assessing Safety Hardware (MASH) [6] 

standards with a top rail height of 31 in. (787 mm) and the post offset 12 in. (305 mm) from the 

headwall [7]. 

A similar system developed by the Texas Transportation Institute (TTI) was configured to 

satisfy MASH safety performance criteria. The system utilized W6x9 (W152x13.4) steel posts 

spaced 75 in. (1,905 mm) on center, a thicker, Ȫ-in. (22-mm) base plate, and a 31-in. (787-mm) 

top rail height [8], as shown in Figure 2. Both top-mounted guardrail systems described herein 

were designed for use with a minimum fill depth of 9 in. (229 mm) on the culverts. Note, the 

evaluation criteria did not change for Test Level (TL-3) guardrail systems in the 2016 edition of 

MASH. Thus, TL-3 guardrail systems developed to satisfy MASH 2009 would be crashworthy 

according to MASH 2016 [9] as well.  
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 Figure 1. W-beam System Attached to Low-Fill Culverts Developed at MwRSF [2-4]
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 Figure 2. W-beam System Attached to Low-Fill Culverts Developed at TTI [8]
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Al though top-mounted guardrail designs provide a crashworthy treatment for culvert 

openings, they have disadvantages. The systems described above were MASH crash-tested with 

lateral offsets between the back of the post and the inside of the culvert headwall measuring 12-

in. (305-mm) and 18-in. (457-mm), respectively. These post offsets are necessary to allow the post 

to rotate back freely without contacting the headwall. If rotation is restricted by placing the post 

too close to the headwall, the posts can become snag points or climbing ramps and may result in 

vehicle instabilities [2]. However, these lateral offsets, coupled with the footprint of the system 

itself, result in the loss of 5 ft (1.5 m) or more of traversable roadway width. Extending the culvert 

length another 5 ft (1.5 m) to gain back this loss in roadway width can drastically increase costs. 

Additionally, when these systems are impacted, the damaged posts must be replaced, similar to 

standard guardrail installations. However, the fill soil must be removed around damaged top-

mounted posts to gain access to the anchor bolts. This soil removal and replacement after the new 

post is installed adds to repair time and labor costs. 

Long-span guardrail systems contain unsupported lengths of W-beam rail that span over 

the top of culverts. These barrier systems do not require attachment to the culvert, thus allowing 

the culvert and the barrier system to operate independently. One crashworthy system consists of 

100 ft (30.5 m) of nested, 12-gauge (2.66-mm thick) W-beam guardrail centered over a 25-ft (7.6-

m) unsupported span length [10-12], as shown in Figure 3. A 27¾-in. (705-mm) top rail height 

was utilized for the entire system. Three wooden Controlled Releasing Terminal (CRT) posts were 

placed adjacent to and on both sides of the unsupported span length in order to prevent vehicle 

pocketing and snagging. This system was designed and successfully crash tested to NCHRP Report 

No. 350 safety performance criteria. 

 
Figure 3. NCHRP Report No. 350-Compliant Long-Span Guardrail System [10-12] 

The Midwest Guardrail System (MGS) long-span system is an updated version of the 

original system and was designed to satisfy MASH safety standards. The MGS long-span system 

maintained the 25-ft (7.6-m) unsupported span length and the use of six CRT posts, as shown in 

Figure 4. However, only a single layer of 12-gauge (2.66-mm thick) W-beam was utilized, the rail 

height was increased to 31 in. (787 mm), and the rail splices were moved to post mid-spans [13-

14]. 

 

Figure 4. MASH-Compliant, MGS Long-Span Guardrail System [13-14] 
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Long-span guardrail systems do not require additional components for attachment to the 

culvert and provide a cost-effective method for shielding culverts. Further, long-span systems can 

be installed with the back of the post even with the interior face of the culvert headwall. Thus, 

long-span systems do not intrude into the roadway width as much as top-mounted systems. 

However, the NCHRP Report No. 350 long-span system utilizes double blockouts for a 16-in. 

(406-mm) total depth, while the MGS long-span system utilizes 12-in. (305-mm) deep blockouts. 

These blockout depths, in addition to the 8-in. (203-mm) deep post, still result in a loss of nearly 

4 ft (1.2 m) of traversable roadway width. Finally, long-span systems are limited to a maximum 

unsupported span length of 25 ft (7.6 m), and it is recommended to place the adjacent guardrail 

posts no closer than 1 ft (0.3 m) from the edge of the culvert. Thus, box culverts with a width, or 

roadway length, greater than 23 ft (7.0 m) cannot be treated with current long-span W-beam 

systems. 

Although the weak-post, MGS bridge rail was not originally designed for use on culverts, 

it had some similarities to culvert-mounted barrier systems. The weak-post, MGS bridge rail 

incorporates 31-in. (787-mm) tall W-beam guardrail and attaches to concrete bridge decks (similar 

to concrete box culverts). The use of weak, S3x5.7 (S76x8.5) posts and the method of post 

attachment to the bridge deck make this system unique. The posts are inserted into HSS4x4xȨ 

steel sockets placed along the outside edge of the bridge deck. Each socket is attached to the bridge 

deck with a 1-in. (25-mm) diameter ASTM A307 vertical through-bolt and a bottom steel angle, 

as shown in Figure 5. The placement of the posts and sockets off the edge of the bridge deck, 

coupled with the use of W-beam backup plates instead of blockouts, allows for minimal intrusion 

into the roadway and maximizes the traversable width [15-16].  

             

Figure 5. Weak-Post, MGS Bridge Rail Attached to Concrete Deck [15-16] 

The use of weak S3x5.7 (S76x8.5) posts limits the load transferred to the bridge deck and 

prevents deck damage. During the successful MASH (TL-3) crash testing program, the posts were 

bent over while only minor cracking was observed in the bridge deck. Without significant damage 

to the deck or attachment sockets, repairs to an impacted system require only the removal of the 



October 4, 2019 

MwRSF Report No. TRP-03-368-19 

6 

damaged posts and rail segments, insertion of new posts, and attachment of new W-beam 

segments. Thus, repair to the system should be relatively quick and easy. Finally, the posts were 

spaced at half-post spacing, or 37½ in. (953 mm) on center. The combination of a weaker post and 

reduced post spacing makes the lateral stiffness and dynamic deflection of the weak-post, MGS 

bridge rail very similar to that observed for the standard MGS. Therefore, a stiffness transition is 

not required between the bridge rail and the adjacent MGS installations. 

Recognizing the potential benefits of adapting the MGS bridge rail for other uses, MwRSF 

developed a side-mounted socket system for weak-post MGS attached to the outside face of culvert 

headwalls [17]. The posts were inserted into side-mounted, steel sockets that would remain 

undamaged during impacts. Thus, damaged posts could be replaced without any soil removal or 

the need for a post driver. Five attachment concepts, including a top-mounted, single-anchor 

concept, a top-mounted double-anchor concept, a wrap-around concept, a side-mounted through-

bolt concept, and a side-mounted epoxy-anchored concept were developed and evaluated through 

dynamic component testing. Although all designs prevented damage to the socket assembly and 

culvert headwall, the top-mounted, single-anchor design and the side-mounted, epoxy-anchored 

design were recommended for use based on ease of fabrication and installation. Photographs and 

design details of these systems are shown in Figures 6 and 7, respectively. Similar to the original 

MGS bridge rail, the system utilized a top rail height of 31 in. (787 mm) supported by S3x5.7 

(S76x8.5) posts, spaced 37½ in. (953 mm) on center and positioned within HSS4x4xȨ steel socket 

tubes attached to the outside face of the culvert headwall. Although the system was based on the 

weak-post MGS bridge rail, the socket assembly and attachment hardware had to be modified for 

the system to be mounted to the outside face of culvert headwalls, as shown in Figure 7.  

   

Top-Mounted     Side Mounted 

Figure 6. Top- and Side-Mounted Configurations for Guardrail on Culvert Headwalls 
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Figure 7. Weak-Post, W-Beam Guardrail System on Culvert Headwalls, System Layout 
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There are many installations where the culvert or roadway geometry is not compatible with 

the aforementioned side-mounted system. For example, the culvert headwall may be farther from 

the roadway than the adjacent guardrail system. Additionally, there may be a fill slope between 

the edge of the roadway and the culvert headwall, and the side-mounted guardrail system was only 

designed for level terrain applications. Therefore, a need existed to develop a top-mounted socket 

to attach the weak-post W-beam guardrail system to the top slab of low-fill box culverts. 

1.2 Objective 

The objective of this research effort was to develop a top-mounted, socketed guardrail 

system for use on low-fill culverts that would satisfy the TL-3 safety performance criteria of 

MASH 2016. The new system needed to accommodate soil fill heights between 1 and 3 ft (0.3 to 

0.9 m). It was anticipated that the weak-post, socketed, guardrail system (i.e., the MGS bridge rail 

and the weak-post guardrail system mounted to culvert headwalls) would be modified to attach the 

steel support sockets to the top slab of culverts. The steel sockets should remain undamaged during 

impact events. The new guardrail system would address the disadvantages of current culvert 

treatments by providing an unrestricted system length, minimizing repair time and effort, avoiding 

fill slopes adjacent to culvert headwalls, and maintaining the ability to be utilized without a 

stiffness transition between upstream and downstream guardrails.  

1.3 Scope 

The research began with a literature review of previous guardrail systems designed for use 

on low-fill culverts as well as the weak-post MGS bridge rail. A number of top-mounted socket 

systems were investigated through brainstorming and concept development. A simulated critical 

culvert was then constructed at the MwRSF testing grounds. Next, three design options were 

fabricated, installed on the simulated culvert, and subjected to dynamic component testing. Testing 

was conducted in both the lateral and longitudinal directions to evaluate the performance of each 

design option under both critical loading scenarios. Finally, the results from the component tests 

were utilized to guide the selection of the final designs and make appropriate recommendations 

for future use. 
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2 BARRIER ATTACHMENT DESIGNS  

2.1 Design Criteria 

The objective of this project was to develop a top-mounted, socketed, guardrail system for 

low-fill culverts that satisfied the safety performance criteria of MASH 2016 TL-3. More 

specifically, it was desired to modify the previously developed weak-post, side-mounted, socketed, 

guardrail systems (i.e., the MGS bridge rail and the weak-post guardrail system mounted to culvert 

headwalls) for use as a top-mounted system. Thus, the new barrier was to be a 31-in. (787-mm) 

tall W-beam system that incorporated many of the barrier components from these two existing 

systems.  

For consistency among these barrier systems, it was desired to utilize the same post 

assembly as the previous weak-post, socketed, guardrail systems. Thus, 44-in. (1,118-mm) long 

S3x5.7 (S76x8.5) posts which had ¼-in. (6-mm) thick standoff plates at the base of the post, as 

shown in Figure 8, were incorporated into the design. The posts were spaced at 37.5 in. (953 mm), 

similar to the existing weak-post, TL-3 systems. It was also desired to utilize the same HSS 4x4xȨ 

steel tube sockets to maintain installation tolerances and limit the motion of the post within the 

socket. Similar to previous systems, the socket was required to extend 2 in. (51 mm) above the 

ground line to encompass the upper standoff plates on the post and to ensure the posts would bend 

at the same location during impacts. Thus, the new top-mounted guardrail system would provide 

the same stiffness and performance as the previously developed systems. 

     
Figure 8. Post Assembly for Socketed, Weak-Post Guardrail Systems 












































































































































































































































































