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1 INTRODUCTION  

1.1 Background 

Concrete box culverts are routinely installed under roadways to allow water drainage 

without affecting the motoring public. The ends of these culverts and their associated drop-offs 

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

often require shielding 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. Previous crash testing has shown that in some cases 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 types of guardrail systems are being used to treat cross-drainage box 

culverts: (1) long-span guardrail systems; (2) guardrail systems anchored to the culvert headwall; 

and (3) guardrail systems anchored to the top slab of the culvert. 

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 Manual for Assessing Safety 

Hardware (MASH) compliant long-span system, developed at the Midwest Roadside Safety 

Facility (MwRSF), consists of a single layer of 12-gauge (2.67-mm thick), 31-in. (787-mm) tall 

W-beam guardrail centered over a 25-ft (7.6-m) unsupported span length [2-3]. The long-span 

systems do not require additional components for attachment to the culvert and provide a cost-

effective method for shielding culverts. However, these long-span systems are limited to a 

maximum unsupported span length of 25 ft (7.6 m). 

For low-fill culverts of widths exceeding the maximum unsupported length of long-span 

systems, few W-beam guardrail designs are available for direct attachment to the culvertôs 

headwalls. One such guardrail system was a side-mounted socket system for weak-post Midwest 

Guardrail System (MGS) attached to the outside face of culvert headwalls developed by MwRSF 

in 2014, as shown in Figure 1 [4]. The posts were inserted into side-mounted, steel sockets that 

would remain undamaged during impacts. 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.  
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Figure 1. Side-Mounted Configuration for Guardrail on Culvert Headwalls [4] 

There are many installations where the culvert or roadway geometry is not compatible with the 

side-mounted 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, there was a need for guardrail systems attached to the top slab of the low-fill 

culverts. One such guardrail system was developed by MwRSF in 2002, as shown in Figure 2 [5]. 

This system utilized a 27¾-in. (705-mm) top rail height, a 37½-in. (953-mm) post spacing, a 

deformable ½-in. (13-mm) thick steel plate welded to the bottom of each guardrail post with a 5/16-

in. (8-mm) three-pass fillet weld on the front (tension) flange and a ¼-in. (6-mm) fillet weld on 

the web and back (compression) flange. The post assembly was anchored to the culvert slab using 

four 1-in. (25-mm) diameter through bolts. Finally, the system posts were spaced 3 ft ï 1½ in. 

(953-mm) on centers, and the back side of the posts were offset 18 in. (457 mm) from the inside 

of the culvert headwall to prevent interaction between the posts and the rigid headwall as the 

system deflects during an impact event. This system was successfully developed and full-scale 

crash tested according to the Test Level 3 (TL-3) safety performance guidelines found in National 

Cooperative Highway Research Program (NCHRP) Report No. 350 [6]. 
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Figure 2. NCHRP Report No. 350-Compliant, Modified G4(1S) Guardrail Attachment to Low-

Fill Culvert [5] 

During evaluation of the barrier system it was shown that a potential exists for vehicular 

instabilities or rollover to occur if the guardrail is placed too close to the culvert headwall. This 

phenomenon was the result of the systemôs posts being unable to rotate near the base due to contact 

with the top of the headwall, thus resulting in wheel snag on the posts. From analysis of the crash 

test results, it was recommended that the back-side face of the steel posts be positioned a minimum 

of 10 in. (254 mm) away from the front face of the culvertôs headwall with a minimum soil fill 

depth of 9 in. (229 mm) to maintain acceptable barrier performance [5].  

For further investigation, an identical culvert-mounted MGS was crash tested with a ¾-ton 

pickup truck according to TL-3 safety performance criteria presented in NCHRP Report No. 350 

[5]. For this design, the steel posts were spaced 1 in. (25 mm) away from the front of the culvertôs 

headwall. During vehicle redirection, the pickup truck rolled over and the test was determined to 

be unacceptable. The vehicleôs instability was attributed to the interaction of the vehicleôs front 

tire and suspension with the steel post immediately downstream from impact. The headwall of the 

culvert prevented the post from continuing to rotate backward, and subsequently caused a snag 

point for the vehicleôs tire. 

Following the NCHRP Report No. 350 evaluation of the culvert-mounted guardrail system, 

a subsequent research effort was undertaken to determine alternatives to the original attachment 

design [7]. The first objective was to determine if an alternative weld detail could be utilized to 

simplify the three-pass fillet weld on the front flange of the post. The second objective was to 

develop an epoxy anchor alternative to bolting through the top slab of the culvert. These system 
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modifications were evaluated through a series of four dynamic bogie tests conducted under the 

same impact conditions utilized in the original development study. The study found that proposed 

changes to the weld details were not feasible, but that epoxy anchorages could be used 

successfully. This research led to the development of an epoxy anchoring option for the post anchor 

utilizing 1-in. (25-mm) diameter, ASTM A307 threaded rods and an 8-in. (203-mm) embedment 

depth. Anchor pullout was encountered for an embedment depth of 6 in. (152 mm), while an 8-in. 

(203-mm) embedment showed no signs of anchor failure. Thus, an 8-in. (203-mm) minimum 

embedment depth was recommended for the epoxied anchorage design. 

In 2011, the Texas A&M Transportation Institute (TTI) developed and tested a slightly 

different version of the strong-post culvert attachment for use with a 31-in. (787-mm) tall W-beam 

guardrail with midspan splices at standard post spacing, as shown in Figure 3 [8]. For this design, 

W6x9 steel posts were welded to Ȫ-in. (22-mm) thick steel base plates and spaced 6 ft ï 3 in. 

(1,905 mm) on centers with midspan rail splices. The posts were attached to the culvert using four 

Ȫ-in. (22-mm) diameter rods that were epoxied into the concrete with a 6-in. (152-mm) minimum 

embedment depth and a Hilti chemical adhesive anchoring system. The posts were also located 18 

in. (457 mm) from the culvert headwall. The guardrail system was designed for use with a 

minimum soil fill depth of 9 in. (229 mm). Testing of this design under the MASH 2009 TL-3 

criteria [9] with the 2770P vehicle was successful. However, it should be noted that partial tearing 

of the rail was observed in the impact region, which indicated that the rail tensile forces were high, 

and the potential exists for rail rupture. The thicker base plate used in this system may have 

increased the stiffness of the barrier and led to the increased rail loads. 

 

Figure 3. MASH-Compliant, MGS Guardrail Attachment to Low-Fill Culvert [8] 
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MwRSF provided previous, un-tested guidance on using the MwRSF version of the strong-

post attachment to meet MASH 2016 criteria [10] when used with the MGS. Based on the 

successful testing of the TTI mounting system, it was believed that there would be a good potential 

for the system to perform safely under the MASH 2016 criteria. However, MwRSF recommended 

the following if the states wish to use the design: (1) the half-post spacing of the NCHRP Report 

No. 350 tested system be retained and (2) the minimum offset from the back of the post to the 

headwall be increased to 18 in. (457 mm). 

These recommendations were made to provide a conservative approach to using the 

MwRSF version of the strong-post attachment based on the original testing of that system and the 

subsequent testing the TTI design. However, the performance of the MwRSF version of the strong-

post attachment under MASH 2016 TL-3 criteria could not be fully determined without full-scale 

crash testing.  

Based on the previous NCHRP Report No. 350 and MASH 2009 testing of similar culvert-

mounted guardrail systems, Wisconsin Department of Transportation desired to evaluate the MGS 

installed on a culvert with the MwRSF version of the strong-post attachment, half-post spacing, 

and a 12-in. (305-mm) offset from the back of the post to the culvert headwall.  

1.2 Research Objective 

The objective of this research effort was to conduct full-scale crash testing on the MGS 

installed on a culvert with the MwRSF version of the strong-post attachment using through-bolts 

and epoxy anchorage, half-post spacing, and a 12-in. (305-mm) offset from the back of the post to 

the culvert headwall. All tests were performed according to the TL-3 impact safety standards found 

in MASH 2016 [10]. Additionally, the transition from standard MGS to the culvert-mounted MGS 

was to be analyzed and recommendations were made regarding the potential performance of the 

transition.  

1.3 Scope 

The research began with development of the design details for the modified MGS installed 

on a low-fill culvert with the MwRSF version of the strong-post attachment with through-bolts 

and epoxy anchorage, half-post spacing, and a 12-in. (305-mm) offset from the back of the post to 

the culvert headwall was recommended for full-scale crash testing. MASH 2016 guidance was 

utilized to determine the critical impact points for full-scale crash testing. Two full-scale crash 

tests were conducted according to the MASH 2016 test designation nos. 3-10 and 3-11 to evaluate 

the length-of-need of the designed culvert-mounted, MGS attachment. Finally, the test results were 

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

pertaining to the safety performance of the tested version of culvert-mounted, strong-post MGS. 

Additionally, the transition from the standard MGS to the culvert-mounted MGS was analyzed 

and recommendations relative to that transition performance were given.  
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2 TEST REQUIREMENTS AND EVALUATION CRITERIA  

2.1 Test Requirements 

Longitudinal barriers, such as W-beam guardrail systems attached to concrete box culverts, 

must satisfy impact safety standards in order to be declared eligible for federal reimbursement by 

the Federal Highway Administration (FHWA) for use on the National Highway System (NHS). 

For new hardware, these safety standards consist of the guidelines and procedures published in 

MASH 2016 [10]. Note that there is no difference between MASH 2009 and MASH 2016 for 

longitudinal barriers such as the system tested in this project, except that additional occupant 

compartment deformation measurements, photographs, and documentation are required by MASH 

2016. According to TL-3 of MASH 2016, longitudinal barrier systems must be subjected to two 

full -scale vehicle crash tests, as summarized in Table 1. 

Critical impact points (CIPs) for both impacts were determined based on calculated post 

and guardrail beam strengths and the use of MASH 2016 Figures 2-8 and 2-11 for the 1100C and 

2270P vehicle impacts, respectively.  

Table 1. MASH TL-3 Crash Test Conditions for Longitudinal Barriers 

Test 

Article 

Test 

Designation 

No. 

Test 

Vehicle 

Vehicle 

Weight, 

lb 

(kg) 

Impact Conditions 

Evaluation 

Criteria 1 
Speed, 

mph 

(km/h) 

Angle, 

deg. 

Longitudinal 

Barrier 

3-10 1100C 
2,425 

(1,100) 

62 

(100) 
25 A,D,F,H,I 

3-11 2270P 
5,000 

(2,268) 

62 

(100) 
25 A,D,F,H,I 

1 Evaluation criteria explained in Table 2. 

2.2 Evaluation Criteria  

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 culvert-mounted MGS to contain 

and redirect impacting vehicles. In addition, controlled lateral deflection of the test article is 

acceptable. Occupant risk evaluates the degree of hazard to occupants in the impacting vehicle. 

Post-impact vehicle trajectory is a measure of the potential of the vehicle to result in a secondary 

collision with other vehicles and/or fixed objects, thereby increasing the risk of injury to the 

occupants of the impacting vehicle and/or other vehicles. These evaluation criteria are summarized 

in Table 2 and defined in greater detail in MASH 2016. The full-scale vehicle crash test 

documented herein was conducted and reported in accordance with the procedures provided in 

MASH 2016.  

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

(PHD), the Theoretical Head Impact Velocity (THIV), and the Acceleration Severity Index (ASI) 
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were determined and reported. Additional discussion on PHD, THIV and ASI is provided in 

MASH 2016. 

Table 2. MASH 2016 Evaluation Criteria for Longitudinal Barrier 

Structural 

Adequacy 

A. Test article should contain and redirect the vehicle 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 

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 

5.2.2 and Appendix E of MASH 2016. 

F. The vehicle should remain upright during and after collision. The 

maximum roll and pitch angles are not to exceed 75 degrees. 

H. Occupant Impact Velocity (OIV) (see Appendix A, Section A5.2.2 of 

MASH 2016 for calculation procedure) should satisfy the following 

limits: 

 Occupant Impact Velocity Limits 

Component Preferred Maximum 

Longitudinal and Lateral 30 ft/s 40 ft/s 

I. The Occupant Ridedown Acceleration (ORA) (see Appendix A, 

Section A5.2.2 of MASH 2016 for calculation procedure) should 

satisfy the following limits: 

 Occupant Ridedown Acceleration Limits  

Component Preferred Maximum 

Longitudinal and Lateral 15.0 gôs 20.49 gôs 

 

2.3 Soil Strength Requirements 

In accordance with Chapter 3 and Appendix B of MASH 2016, foundation soil strength 

must be verified before any full-scale crash testing can occur. During the installation of a soil 

dependent system, W6x16 (W150x24) posts were installed near the impact region utilizing the 

same installation procedures as the system itself. Prior to full-scale testing, dynamic impact testing 

was conducted to verify a minimum dynamic soil resistance of 7.5 kips (33.4 kN) at post 

deflections between 5 and 20 in. (127 and 508 mm) measured at a height of 25 in. (635 mm) above 

the ground line. If dynamic testing near the system is not desired, MASH 2016 permits a static test 

to be conducted instead and compared against the results of a previously established baseline test. 

In this situation, the soil must provide a resistance of at least 90% of the static baseline test at 

deflections of 5, 10, and 15 in. (127, 254, and 381 mm). Further details can be found in Appendix 

B of MASH 2016. 
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3 DESIGN DETAILS  

For test nos. CMGS-1 and CMGS-2, a simulated four-cell concrete box culvert system was 

constructed at MwRSFôs Outdoor Test Site. The four-cell system was selected to ensure that the 

research results were representative of actual box culvert site conditions. The strong post MGS 

was then mounted on the culvert. In the following sections, design details for the test installation 

are provided.  

3.1 Culvert Design and Construction 

The basic design of the box culvert was based on the design used in the original NCHRP 

Report No. 350 full-scale testing and evaluation of the strong post culvert attachment for W-beam 

guardrail [5]. In this study, the researchers reviewed a variety of culvert design used by state DOTs 

and selected a culvert configuration with a 7-in. (178-mm) thick concrete top slab. Additionally, 

the simulated test culvert utilized no. 4 steel reinforcement bars spaced on 12-in. (305-mm) centers 

and placed in two rows throughout the 7-in. (178-mm) thick slab. This combination of slab 

thickness and steel reinforcement were believed to provide a non-conservative slab design for 

resisting dead and live loads but still provide sufficient capacity to minimize concrete damage. 

Therefore, if satisfactory barrier performance were observed in the crash testing program, then 

comparable barrier performance would be expected for top slab designs with capacities equal to 

or greater than that used in the crash tests. Review of Wisconsin standard culvert details found that 

their culvert designs utilized a minimum thickness of 8 in. (203 mm). In order to be consistent with 

the Wisconsin details while still providing a relatively non-conservative design, the simulated 

culvert design for the barrier systems evaluated herein was constructed with the same basic layout 

and reinforcement as the original NCHRP Report No. 350 tested system, but an 8-in. (203-mm) 

thick slab was utilized to match the Wisconsin standards. Additionally, the vertical support width 

was increased to 12 in. (305 mm) to provide increased soil bearing beneath the supports.  

A soil test pit was excavated to a depth of approximately 66 in. (1,674 mm) to provide 

enough clearance for constructing the concrete box culvert. After the soil was excavated from the 

test pit, five reinforced concrete vertical support walls and a soil retaining wall were constructed 

on the bottom of the test pit, as shown in Figure 4. Design details of the culvert and bill of materials 

are shown in Figures 4 through 17. Construction photographs of the culvert are shown in Figures 

18 through 21.  

The three inner concrete vertical supports had a center-to-center spacing of 127 in. (3,226 

mm). The vertical supports were constructed perpendicular to the roadway. As shown in Figure 8, 

the inner vertical supports measured 12 in. (305 mm) wide, 60 in. (1,524 mm) long, and 48 in. 

(1,219 mm) high. The two exterior concrete vertical supports measured 12 in. (305 mm) wide, 128 

in. (3,251 mm) long, and 48 in. (1,219 mm) high, as shown in Figure 9. The soil retaining wall 

measured 8 in. (203 mm) wide, 43 ft - 4 in. (13.2 m) long, and 48 in. (1,219 mm) high and was 

constructed on the front of the culvert to prevent the soil from filling in beneath the simulated 

culvert, as shown in Figure 14.  

The top slab measured 68 in. (1,727 mm) wide, 8 in. (203 mm) thick, and 43 ft - 4 in. (13.2 

m) long, as shown in Figure 11. The headwall, constructed above the top slab, measured 10 in. 

(254 mm) wide, 10 in. (254 mm) high, and 43 ft - 4 in. (13.2 m) long and was located at the back 



November 2, 2020 

MwRSF Report No. TRP-03-383-20-R1 

9 

side of the deck. A 9-in. (229-mm) deep soil fill was used to create a level ground surface for 

testing. 

The concrete used for the concrete vertical supports, the soil retaining wall, top slab, and 

headwall consisted of a Nebraska 47-BD Mix with a minimum compressive strength of 4,000 psi 

(27.6 MPa). The actual concrete compressive strength of the vertical supports on test day, as 

determined from concrete cylinder testing, was found to be approximately 4,665 psi (32.1 MPa). 

A minimum concrete cover of 1½ in. (38 mm) was used for all rebar placed within the concrete 

vertical supports, soil retaining wall, top slab and headwall. All steel reinforcement was ASTM 

A615 Grade 60 epoxy-coated rebar. 

The steel reinforcement for the vertical supports utilized No. 4 bars for the transverse, 

vertical, and bent vertical bars, as shown in Figures 5 through 9 and 12 through 16. The transverse 

bars of the inner vertical wall supports were 76 in. (1,930 mm) long and spaced 15½ in. (394 mm) 

apart, as shown in Figure 8. The bent vertical bars of the inner vertical supports were 64 in. (1,626 

mm) long and spaced 12 in. (305 mm) apart on center, as shown in Figures 9, 11, and 17. The 

transverse bars of the exterior vertical walls were 130¾ in. (3,321 mm) long and spaced 16¾ in. 

(425 mm) apart on center, as shown in Figure 9. The vertical dowel bars in the exterior vertical 

supports were 45 in. (1,143 mm) long and spaced 20 in. (508 mm) apart on center. The long and 

short bent vertical bars of the two exterior vertical supports were 64 in. (1,626 mm) and 60½ in. 

(1,537 mm) long, respectively, and they were spaced 18 in. (457 mm) apart on center, as shown in 

Figure 9. 

The steel reinforcement for the soil retaining wall also utilized No. 4 bars for the 

longitudinal and vertical bars, as shown in Figures 14 through 16. Each of the six longitudinal 

rebar in the soil retaining wall was 43 ft (13.1 m) long. The length of the longitudinal bar can be 

varied as long as the minimum lap length of 18 in. (457 mm) is maintained. The vertical dowel 

bars were 64 in. (1,626 mm) long and spaced 32 in. (813 mm) apart on center, as shown in Figure 

14. 

The steel reinforcement for the top slab utilized No. 4 bars for the longitudinal and 

transverse bars, as shown in Figures 5, 11, 15, and 16. Each of the fourteen longitudinal rebar in 

the top slab was 43 ft (13.1 m) long. The transverse bars in the top slab were 57 in. (1,448 mm) 

long, and their spacing varied longitudinally. At the outside vertical supports, the loop bars were 

spaced 11¾ in. (298 mm) apart on center, as shown in Figure 5. The loop bar spacing on either 

side of the inside vertical supports was 10 in. (254 mm) on center. Between the supports, the 

spacing of the loop bars was 12 in. (305 mm) apart on center. The vertical spacing between the 

transverse bars was 4½ in. (114 mm) apart on center.  

The steel reinforcement for the headwall utilized No. 4 bars for the longitudinal and loop 

bars. Each of the four longitudinal rebar in the headwall were 43 ft (13.1 m) long. The headwall 

loop bars were 53Ȩ in. (1,356 mm) long, and their spacing varied longitudinally, as shown in 

Figures 5, 11, 15, and 16. 
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Figure 4. Culvert System Overview, Test Nos. CMGS-1 and CMGS-2 
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Figure 5. Top Slab and Vertical Support Wall Details, Test Nos. CMGS-1 and CMGS-2 
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Figure 6. Concrete Rebar Connections, Test Nos. CMGS-1 and CMGS-2 
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Figure 7. Concrete Rebar Connections (Cont.), Test Nos. CMGS-1 and CMGS-2 
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Figure 8. Top Slab, Soil Retaining Wall, Interior Vertical Support Wall Details, Test Nos. CMGS-1 and CMGS-2 
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Figure 9. Top Slab, Soil Retaining Wall, Right Exterior Vertical Support Wall Details, Test Nos. CMGS-1 and CMGS-2 
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Figure 10. Concrete Culvert in Ground Details, Test Nos. CMGS-1 and CMGS-2 
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Figure 11. Concrete Top Slab Details, Test Nos. CMGS-1 and CMGS-2 
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Figure 12. Interior and Exterior Support Wall Details, Test Nos. CMGS-1 and CMGS-2 
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Figure 13. Exterior Support Wall Details, Test Nos. CMGS-1 and CMGS-2 



 

 

N
o

v
e
m

b
e
r 2, 2

0
2
0 

M
w

R
S

F
 R

e
p
o

rt N
o
. TR

P
-0

3-3
8
3-2

0
-R

1 

2
0 

 
Figure 14. Concrete Soil Retaining Wall Details, Test Nos. CMGS-1 and CMGS-2 
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Figure 15. Rebar Details, Test Nos. CMGS-1 and CMGS-2 
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Figure 16. Rebar Details (Cont.), Test Nos. CMGS-1 and CMGS-2 
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Figure 17. Bill of Materials, Test Nos. CMGS-1 and CMGS-2
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Figure 18. Concrete Culvert Support Walls Framework, Test Nos. CMGS-1 and CMGS-2
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Figure 19. Concrete Top Slab, Headwall, and Soil Retaining Wall Framework, Test Nos. CMGS-1 and CMGS-2
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Figure 20. Concrete Top Slab and Headwall Construction, Test Nos. CMGS-1 and CMGS-2
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Figure 21. Concrete Culvert Superstructure, Top Slab, Headwall, and Vertical Supports, Test 

Nos. CMGS-1 and CMGS-2
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3.2 Culvert -Mounted, Strong Post MGS  

The test installation consisted of 182.3 ft (55.6 m) of MGS supported by steel posts with a 

top mounting rail height of 31 in. (787 mm), as shown in Figures 22 through 40. The test 

installation is shown in Figures 41 through 43. Test nos. CMGS-1 and CMGS-2 were conducted 

on the same installation; however, post nos. 14 through 21 were replaced before conducting test 

no. CMGS-2.  

Anchorage systems similar to those used on tangent guardrail terminals were utilized on 

both the upstream and downstream ends of the guardrail system. The system was constructed using 

41 posts. Post nos. 3 through 12 and 27 through 39 were galvanized ASTM A992 steel W6x8.5 

sections measuring 72 in. (1,829 mm) long. Post nos. 13 through 26 were ASTM A992 steel W6x9 

sections measuring 40½ in. (1,029 mm) long. Post nos. 1, 2, 40, and 41 were BCT posts measuring 

5½ in. x 7½ in. x 46 in. (140 mm x 191 mm x 1,168 mm) and were placed in a steel foundation 

tube. Post nos. 1 through 8 and 32 through 41 were spaced 75 in. (1,905 mm) apart on center. Post 

nos. 8 through 32 were spaced 37½ in. (952 mm) apart on center, as shown in Figure 22. For post 

nos. 3 through 12 and 27 through 39, the soil embedment depth was 40 in. (1,016 mm). For post 

nos. 13 through 26, the soil embedment depth was 9 in. (229 mm). The posts were placed in a 

compacted, coarse, crushed limestone material with a strength that satisfied MASH 2016 criteria. 

For all posts, 6-in. x 12-in. x 14¼-in. (152-mm x 305-mm x 362-mm) wood blockouts were used 

to offset the rail away from the front face of the steel posts. 

Post nos. 13 through 26 were anchored to the top of the concrete culvert using welded steel 

plates. A ½-in. thick x 8½-in. wide x 12-in. long (13-mm thick x 216-mm wide x 305-mm long) 

ASTM A572 steel plate was welded to the bottom of each post. The thickness of the baseplate was 

selected to allow some deformation of the base plate and corresponding energy absorption. In order 

to fully develop the connection between the baseplate and the W6x9 post sections, a special weld 

detail was utilized that incorporated a 3-pass, 5/16-in. (8-mm) fillet weld on the front flange of the 

post and a ¼-in. (6-mm) fillet weld on the web and back flange of the post. The backside of these 

posts was positioned 12 in. (305 mm) from the culvertôs headwall.  

Post nos. 13 through 15, 17 through 22, and 24 through 26 were anchored to the top 

concrete slab using four through-bolts, as shown in Figure 24. Four 1-in. (25-mm) diameter by 

10½-in. (267-mm) long ASTM A307 hex head bolts were placed through each top base plate and 

the concrete deck and were held in place with 8½-in. wide x 12-in. long x ¼-in. (216-mm wide x 

305-mm long x 6-mm) thick steel washer plates below the top slab. Note that the one-piece washer 

plate below the top slab used for testing could be replaced by individual 3½-in. wide x 3½-in. long 

x ¼-in. (89-mm wide x 89-mm long x 6-mm) square washer plates if desired. Post nos. 16 and 23 

were anchored using 10-in. (254-mm) long epoxied threaded rods with an 8-in. (203 mm) 

embedded length due to the presence of the culvertôs interior wall support, as shown in Figure 25. 

This alternative anchorage detail was developed in previous research effort [7].  

A concrete culvert, as previously described in Section 3.1, was constructed at the center of 

the system. The maximum dimensions of the culvertôs top slab were 60 in. (1,524 mm) wide and 

8 in. (203 mm) thick with a 10-in. (254-mm) wide x 9-in. (229-mm) high headwall positioned 

flush with the backside of the top slab, as previously described. The length of the culvert was 43 

ft - 4 in. (13.2 m) long, and the culvert spanned from 16¼ in. (413 mm) upstream from the center 

of post no. 13 to 16¼ in. (413 mm) downstream from the center of post no. 26. 
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Figure 22. System Layout, Test No. CMGS-1 



 

 

N
o

v
e
m

b
e
r 2, 2

0
2
0 

M
w

R
S

F
 R

e
p
o

rt N
o
. TR

P
-0

3-3
8
3-2

0
-R

1 

3
0 

 
Figure 23. System Layout, Test No. CMGS-2
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Figure 24. Post Nos. 13 through 15, 17 through 22, and 24 through 26 Details, Test Nos. CMGS-1 and CMGS-2 
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Figure 25. Post Nos. 16 and 23 Details, Test Nos. CMGS-1 and CMGS-2 
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Figure 26. Splice and Post Details, Test Nos. CMGS-1 and CMGS-2 
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Figure 27. End Section Details, Test Nos. CMGS-1 and CMGS-2 
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Figure 28. BCT Anchor Details, Test Nos. CMGS-1 and CMGS-2 
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Figure 29. Foundation Tube and BCT Timber Post Details, Test Nos. CMGS-1 and CMGS-2 
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Figure 30. Post Nos. 1 through 12 and 27 through 41 Component Details, Test Nos. CMGS-1 and CMGS-2 
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Figure 31. Post Nos. 13 through 26 Assembly Details, Test Nos. CMGS-1 and CMGS-2 
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Figure 32. Post Nos. 13 through 26 Component Details, Test Nos. CMGS-1 and CMGS-2 
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Figure 33. BCT Anchor Cable, Test Nos. CMGS-1 and CMGS-2 
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Figure 34. BCT Post Components and Anchor Bracket, Test Nos. CMGS-1 and CMGS-2 
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Figure 35. Ground Strut and Bearing Plate, Test Nos. CMGS-1 and CMGS-2 
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Figure 36. Rail Section Details, Test Nos. CMGS-1 and CMGS-2 
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Figure 37. System Hardware Details, Test Nos. CMGS-1 and CMGS-2 
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Figure 38. System Hardware Details, Test Nos. CMGS-1 and CMGS-2 



 

 

N
o

v
e
m

b
e
r 2, 2

0
2
0 

M
w

R
S

F
 R

e
p
o

rt N
o
. TR

P
-0

3-3
8
3-2

0
-R

1 

4
6 

 
Figure 39. Bill of Materials, Test Nos. CMGS-1 and CMGS-2 
































































































































































































































































































































































































































