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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 Horgiving nature of the barrier. However, concrete
barriers are successful at containang redirecting large trucknipacts. Therefore, f@rgiving,
restorableenergyabsorbinglongitudinal barrier concept was developed by Schmidt, e1-d] [
that would reduce the lateral acceleration imparted to passenger vehicle ocayargs
impacts while still redirecting large truck impacts.

There were seval design criteria for the barrier. First, the barrier wasabsfy the
Association of American State Highway and Transportation Offi¢i@ASHTO) Manual for
Assessing Safetjardware (MASH) Test Level 4 (Tk4) crash testing criteriad]. Also, a 30
percent decrease in the lateral acceleration on passenger vehicles was desired with impacts into
the new barriercompared to similar impacts with rigid concrete leag. The barrier width
neead to be less than or equal to 36 in. (914 mm) to accommodate current urban median
footprint widths. The initial fabrication and installation c®steedd to be competitive with
current concrete barrierand naintenance cost®iff the new barrier systemere projected to be
virtually zero under normal impact conditions. The system should be restorable and reusable
with no damageccurringduring passenger vehicle impacts. A minimal amount of damage is
permissible with singleinit truck impact events.

The selected barrier desigrcorporatedubberposts with a concrete beam placed on top
of the postsas shown irFigure 1 [1-3]. Several components of thtesignmake ita unique
restorable and reusablenergyabsorbing longitudinal TL-4 roadside and median barrier. The
rubber postswvere designedo deform and absorb energy in shear when impacted and fully

restoe after impact events. Thrmaximumlateral acceleration during pickup truck events was
1
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estimated, through analytical calculations and finite element analysise t@duced by 30
percent with 7 to 10 in. (178 @64 mm)of deflectionascompared to similaimpacts with rigid
barriers B]. A combination concrete and steeberail was optimized toninimize weight, have
sufficient strengthcapacity and maintain aheight to ontain and redirecthe TL-4 singleunit

truck [3]. The bottom height of the concrete beam was selected to prevent passenger vehicles
from underriding tle barrier and impacting the postd.[Although initial static component
testing demonstrated that the rubber posts could support the beam weight, variatioes in
fabricated components and installation $#e to the addition of steel support skids to increase

the system stability23]. 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
barriess during @mputer simulation impact events, which helped the barrier reSore [

To achieve the desired acceleration reductions compared tebegi@r 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 edweefdre, a new joint was
developed to add continuity firxecast concrete beam segments alwv 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 framd back faces of the concrete beafrtse barrier was
designed for a %n. (13mm) gap between adjacent segments, and the new joint allowed for
+Yrin. (66mm) of toleranceThe tolerance on the gap between adjacent beams allows for overall
construction tterances, 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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Figurel. View of Initial Concept with Rubber Posts and Metal Skg]s [

1.2 Objective

The objective was tevaluate the safety performance ohew restorable and reusaple
energyabsorbing longitudinal barrier systemaccording to the MASHTL-4 requirements
Additionally, the test results were to be compared to similad Trapacts into rigid barriers.
1.3 Scope

The research objectiwvgasaccomplished by completing a series of tasks. Far&40-t
(73-m) longbarrier was constructedesignated the RESTORE barri€hreefull-scale vehicle
crash tests were conducted on the same barrevaiateits performanceThe first testwas a
MASH test designation no.-#1 and utilized a %ton Quad @b pickup truck,weighing
approximately 5,000 Ib (2,268 kg), impacting ataageted speed and angle of 8ph (100

km/h) and 25 degreesespectively The second testas a MASH test designation ne19 and
3
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utilized a smallcar, weighing approximately,425 Ib (1,100 kg), impacting the barrier at a
targetedspeed and angle of 62 mph (10@/h) and 25 degreeeespectivelyThe third testvas a
MASH test designation no-#2 andutilized a singleunit truck, weighing approximately 22,000

Ib (10,000 kg), inpacting the barrier at a targeted speed and angle of 56 mph (90 km/h) and 15
degrees, respectivelyFinally, the test results were analyzed, evaluated, and documented.
Conclusions and recommendations were then made that pertain to the safety perforrttence of

RESTORBDbarrier
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2 DESIGN DETAILS TEST NOS. SFH1 AND SFH-2

The barrier system teststdlation consisted oprecastoncretebeans, energyabsorbing
rubber postswedgeshaped steel jointskids, and a upper tube assemblgs shown in Figures
2 through 25. The total length of the median barrier system was 2391ft%2 in. (73.1 m).
Photographs of the test installation are showRigures26 through28. Material specifications,

mill certifications, and ceificates of conformity for the system materials are showfygpendix
A.

The systenconsisted of twelve 18 11%2in. (6.1-m) long x 18%zin. (470-mm) tall x
21Y2in. (546-mm) wide concrete beams'he concrete beam was designed with a ligaight
concrete mix with a minimum 28ay compressive strength of 5,000 psi (34 MPa). The concrete
beam that was used during testing had an averagay8ompressive strength 6652 psi (46
MPa), as shown ippendix A The density of the concrete was 110 pcf (1,762 Rg/ithe
concrete bea+ms(168nang didmeter @eeticabheles spaced evenly between each
post, as shown ifrigure 7. The ends of each concrete beam were ¢bi@u at a 45 degree
angle, and a pentag@haped vertical hole was cast into the beam near each end, as shown in
Figure8. The geometry was such that eighihl(25mm) diameter bolts could be placed at 45
degree angles through the beams and wstigped steel joints, designated the Adjustable
Continuity Joint (ACJ)would connect the concrete beams, as shown in Figlirasd 20. A
239%:in. (6,083mm) long, 8in. X 4in. X ¥in. (203mm x 102mm x 6mm) steel tube was
mounted on topfahe concrete segments using¥ x 4in. (102mm x 102mm) posts and four
Yrin. (19mm) diameter threaded rods running through the concrete beam to the posts
underneath. Adjacent steel tubes were spliced with a bent plate and two bolts.

Eachconcretebeam wassupportedoy four rubberposs and twosteelskids. Theposs

were spaceat 60 in. (1,524 mm)on-center while the skids were spaced 120 in.(3,048 mm)
5



November 3, 2015
MwRSF ReporfNo. TRP-03-31815

on-center The posts were made of ASTM D2000 rubber. Each post was anchored to the tarmac
with four epoxy anchors with ani. (203mm) embedmentThe steelskid was a 6%n. (165
mm) outer diametepipe that wask-in. (10-mm) thick and wasweldedto a 14in. (356mm)
long baseplate with the endsflared upwardsA 12-in. (305mm) x 12-in. (305mm) top steel
platewas alsowelded11 in. (279 mm)abovethe groundine with gussetsThe upper portion of
the skid pipes was i n dameteehdlesiieachconcretdlmant Y2 i n .
in. (13mm) elastomer pad was ins=at between theop steel plateand the bottom of the
concrete beam

The installation for test no. SFBlwas the same as the system used for test no.1SFH
exceptthe impact point was moved downstream, in ortterdistinguish damagéom the

previous test, as shown kigure25.
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