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1 INTRODUCTION  

1.1 Background 

Passenger vehicle impacts into rigid concrete barriers can result in severe and fatal 

injuries to the occupants due to the non-forgiving nature of the barrier. However, concrete 

barriers are successful at containing and redirecting large truck impacts. Therefore, a forgiving, 

restorable, energy-absorbing, longitudinal barrier concept was developed by Schmidt, et al. [1-3] 

that would reduce the lateral acceleration imparted to passenger vehicle occupants during 

impacts, while still redirecting large truck impacts.  

There were several design criteria for the barrier. First, the barrier was to satisfy the 

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

Assessing Safety Hardware (MASH) Test Level 4 (TL-4) crash testing criteria [4]. Also, a 30 

percent decrease in the lateral acceleration on passenger vehicles was desired with impacts into 

the new barrier, compared to similar impacts with rigid concrete barriers. The barrier width 

needed to be less than or equal to 36 in. (914 mm) to accommodate current urban median 

footprint widths. The initial fabrication and installation costs needed to be competitive with 

current concrete barriers, and maintenance costs for the new barrier system were projected to be 

virtually zero under normal impact conditions. The system should be restorable and reusable, 

with no damage occurring during passenger vehicle impacts. A minimal amount of damage is 

permissible with single-unit truck impact events. 

The selected barrier design incorporated rubber posts with a concrete beam placed on top 

of the posts, as shown in Figure 1 [1-3]. Several components of this design make it a unique 

restorable and reusable, energy-absorbing, longitudinal TL-4 roadside and median barrier. The 

rubber posts were designed to deform and absorb energy in shear when impacted and fully 

restore after impact events. The maximum lateral acceleration during pickup truck events was 
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estimated, through analytical calculations and finite element analysis, to be reduced by 30 

percent with 7 to 10 in. (178 to 254 mm) of deflection as compared to similar impacts with rigid 

barriers [3]. A combination concrete and steel tube rail was optimized to minimize weight, have 

sufficient strength capacity, and maintain a height to contain and redirect the TL-4 single-unit 

truck [3]. The bottom height of the concrete beam was selected to prevent passenger vehicles 

from underriding the barrier and impacting the posts [3]. Although initial static component 

testing demonstrated that the rubber posts could support the beam weight, variations in the 

fabricated components and installation site led to the addition of steel support skids to increase 

the system stability [2-3]. Therefore, the rubber posts and steel skids both support the vertical 

weight of the beam and stabilize the system. The skids also appeared to control rotation of the 

barriers during computer simulation impact events, which helped the barrier restore [3]. 

To achieve the desired acceleration reductions compared to rigid-barrier impacts, the 

impact force needed to be distributed to multiple rubber posts. It was also desired that the system 

would be made of prefabricated segments to make installation easier. Therefore, a new joint was 

developed to add continuity to precast concrete beam segments and allow the impact force to be 

distributed to the greatest number of posts. The joint between concrete beams consisted of two 

steel angles that bolt through the front and back faces of the concrete beams. The barrier was 

designed for a ½-in. (13-mm) gap between adjacent segments, and the new joint allowed for  

±¼-in. (6-mm) of tolerance. The tolerance on the gap between adjacent beams allows for overall 

construction tolerances, as well as some adjustability when installing the system on roadways 

with horizontal and vertical curvature. Development and further details of the joint can be found 

in Schmidt, et al. [3]. All system components work together to contain and redirect vehicles, 

absorb energy, restore, and be reusable to sustain multiple impacts.  
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Figure 1. View of Initial Concept with Rubber Posts and Metal Skids [3] 

1.2 Objective 

The objective was to evaluate the safety performance of a new restorable and reusable, 

energy-absorbing, longitudinal barrier system according to the MASH TL-4 requirements. 

Additionally, the test results were to be compared to similar TL-4 impacts into rigid barriers.  

1.3 Scope 

The research objective was accomplished by completing a series of tasks. First, a 240-ft 

(73-m) long barrier was constructed, designated the RESTORE barrier. Three full -scale vehicle 

crash tests were conducted on the same barrier to evaluate its performance. The first test was a 

MASH test designation no. 4-11 and utilized a ½-ton Quad Cab pickup truck, weighing 

approximately 5,000 lb (2,268 kg), impacting at a targeted speed and angle of 62 mph (100 

km/h) and 25 degrees, respectively. The second test was a MASH test designation no. 4-10 and 
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utilized a small car, weighing approximately 2,425 lb (1,100 kg), impacting the barrier at a 

targeted speed and angle of 62 mph (100 km/h) and 25 degrees, respectively. The third test was a 

MASH test designation no. 4-12 and utilized a single-unit truck, weighing approximately 22,000 

lb (10,000 kg), impacting the barrier at a targeted speed and angle of 56 mph (90 km/h) and 15 

degrees, respectively. Finally, the test results were analyzed, evaluated, and documented. 

Conclusions and recommendations were then made that pertain to the safety performance of the 

RESTORE barrier.   
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2 DESIGN DETAILS  TEST NOS. SFH-1 AND SFH-2 

The barrier system test installation consisted of precast concrete beams, energy-absorbing 

rubber posts, wedge-shaped steel joints, skids, and an upper tube assembly, as shown in Figures 

2 through 25. The total length of the median barrier system was 239 ft - 11½ in. (73.1 m). 

Photographs of the test installation are shown in Figures 26 through 28. Material specifications, 

mill certifications, and certificates of conformity for the system materials are shown in Appendix 

A.  

The system consisted of twelve 19-ft 11½-in. (6.1-m) long x 18½-in. (470-mm) tall x 

21½-in. (546-mm) wide concrete beams. The concrete beam was designed with a light-weight 

concrete mix with a minimum 28-day compressive strength of 5,000 psi (34 MPa). The concrete 

beam that was used during testing had an average 28-day compressive strength of 6,652 psi (46 

MPa), as shown in Appendix A. The density of the concrete was 110 pcf (1,762 kg/m
3
). The 

concrete beams had three 6ȩ-in. (168-mm) diameter vertical holes spaced evenly between each 

post, as shown in Figure 7. The ends of each concrete beam were chamfered at a 45 degree 

angle, and a pentagon-shaped vertical hole was cast into the beam near each end, as shown in 

Figure 8. The geometry was such that eight 1-in. (25-mm) diameter bolts could be placed at 45 

degree angles through the beams and wedge-shaped steel joints, designated the Adjustable 

Continuity Joint (ACJ), would connect the concrete beams, as shown in Figures 4 and 20. A 

239½-in. (6,083-mm) long, 8-in. x 4-in. x ¼-in. (203-mm x 102-mm x 6-mm) steel tube was 

mounted on top of the concrete segments using 4-in. x 4-in. (102-mm x 102-mm) posts and four 

¾-in. (19-mm) diameter threaded rods running through the concrete beam to the posts 

underneath. Adjacent steel tubes were spliced with a bent plate and two bolts.  

Each concrete beam was supported by four rubber posts and two steel skids. The posts 

were spaced at 60 in. (1,524 mm) on-center, while the skids were spaced at 120 in. (3,048 mm) 
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on-center. The posts were made of ASTM D2000 rubber. Each post was anchored to the tarmac 

with four epoxy anchors with an 8-in. (203-mm) embedment. The steel skid was a 6½-in. (165-

mm) outer diameter pipe that was Ȩ-in. (10-mm) thick and was welded to a 14-in. (356-mm) 

long base plate with the ends flared upwards. A 12-in. (305-mm) x 12-in. (305-mm) top steel 

plate was also welded 11 in. (279 mm) above the groundline with gussets. The upper portion of 

the skid pipes was inserted into the 6ȩ in. (168 mm) diameter holes in each concrete beam. A ½-

in. (13-mm) elastomer pad was inserted between the top steel plate and the bottom of the 

concrete beam.     

The installation for test no. SFH-2 was the same as the system used for test no. SFH-1, 

except the impact point was moved downstream, in order to distinguish damage from the 

previous test, as shown in Figure 25. 
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Figure 2. Test Installation Layout, Test No. SFH-1 
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Figure 3. Barrier Assembly, Test Nos. SFH-1 and SFH-2 
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Figure 4. Post and Tubing Details, Test Nos. SFH-1 and SFH-2 
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Figure 5. Splice Details, Test Nos. SFH-1 and SFH-2 
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Figure 6. Splice 5-6 Instrumentation Details, Test No. SFH-1 
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Figure 7. Concrete Beam Geometry, Test Nos. SFH-1 and SFH-2 
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Figure 8. Concrete Beam Details, Test Nos. SFH-1 and SFH-2 
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Figure 9. Concrete Beam and Rebar Assembly, Test Nos. SFH-1 and SFH-2 
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Figure 10. Concrete Beam, Rebar Assembly Details, Test Nos. SFH-1 and SFH-2 
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Figure 11. Concrete Beam, Rebar Assembly Details, Test Nos. SFH-1 and SFH-2 
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Figure 12. Concrete Beam, Rebar Assembly Details, Test Nos. SFH-1 and SFH-2 
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Figure 13. Bill of Bars, Test Nos. SFH-1 and SFH-2 
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Figure 14. Skid Details, Test Nos. SFH-1 and SFH-2
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Figure 15. Skid Assembly Details, Test Nos. SFH-1 and SFH-2 
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Figure 16. Skid Component Details, Test Nos. SFH-1 and SFH-2 
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Figure 17. Skid Top Plate Detail, Test Nos. SFH-1 and SFH-2 
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Figure 18. Upper Tube Assembly, Test Nos. SFH-1 and SFH-2 
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Figure 19. Steel End Tubing Assembly, Test Nos. SFH-1 and SFH-2 



 

 

2
5 

N
o

v
e
m

b
e
r 3

, 2
0

1
5  

M
w

R
S

F
 R

e
p
o

rt N
o
. TR

P
-0

3-3
1
8-1

5 

 
Figure 20. Steel Tubing Components, Test Nos. SFH-1 and SFH-2 
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Figure 21. Angle Joint Details, Test Nos. SFH-1 and SFH-2 
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Figure 22. Rubber Post Details, Test Nos. SFH-1 and SFH-2 
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Figure 23. Fastener Details, Test Nos. SFH-1 and SFH-2 
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