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1 INTRODUCTION

1.1 Background

In 2009, the American Association of State Highway and Transportation Officials
(AASHTO) implemented an updated standard for the evaluation of roadside hardwarewThe ne
standard, entitled th®anual for Assessing Safety HardwgdMASH 2009 [1], improved the
criteria for evaluating roadside hardware beyond the previous National Cooperative Highway
Research Program (NCHRP) Report No. 350 stanrthrough updates to test vehicles, test
matrices, and impact conditions. In an effort to encourage state departments of transportation and
hardware developers to advance hardware designs, theHRddgmway Administration (FHWA)
and AASHTO collaborated to develop a MASH implementation policy that indlsuleset dates
for various roadside hardware categories. Further, the M2®Isafety criteriavere updateth
2016, thus resulting in the MASH 26 documen{3]. The new policyrequires that devices
installed on federal aid roadways after the sunset dates to have been evaluated to MASH 2016.

Midwest Pooled Fun®rogrammembers currently use several roadside hardware systems
that were originally developed and evaluated under NCHRP Report No. 350 criteria. One of those
systems is a noeproprietary, thridbeam bullnose median barrier system that was successfully
developed and crash tested for use in shielding median hazards within divided yisighvda
roadways. Many state D@Tdesire to continue to have the tHoeam bullnose available for use
following the MASH implementation dates. Thus, a need exists to egdhethriebeam bullnose
system to the MASH 2016 criteria.

From 1997 through 2000, the Midwest Roadside Safetylitya@dMwRSF) developed a
thrie-beam bullnose guardrail system for shielding median hazards found between divided
highwaysg[2, 4-6]. The new, nosproprietarybullnose guardrail system was successfully-$atle
crash tested and evaluated according to the Test Level-3)($afety performance evaluation
criteria provided ilNCHRPReport No.350.

Controlled Release Terminal (CRT) wood posts were used in the orthmabeam
bullnoseguardrail systemAlthough the CRT posts adequately met the3ltafety requirements,
these wood posts have several drawbacks. First, the properties and gectoohwood posts are
highly variable due to knots, checks, and splits, thus requiring grading and inspection of posts.
Second, two holes are drilled into the CRT posts that allow them to break away upon impact. These
holes expose the interior of the wotm the environment, which can accelerate deterioration.
Further, chemical preservatives used to treat the wood posts have been identified as harmful to the
environment by some government agencies. Thus, the treated wood posts may require special
consideréion during disposal. Due to these concerns, a need existed for a breakawagsiteel p
option for use in the thribeam bullnose guardrail system.

A Universal Breakaway Steel Post (UBSP) was developed to replaC®theosts in the
existing thriebeam bullnose median barrier systgf¥0]. The UBSP was based on a fracturing
bolt concept and was designed to match the cantilevered bending capacities of existing wood CRT
postsabout their strong angeak axs, as well as for a biaxial loading condition. The embedded
portion of the UBSP had a similar cross section and slightly lower embedment as compared to the
CRT post which provided comparable rotational resistance in the soil. The mass, gemeséygeo
and the breakaway characteristics of the upper UBSP section were also similar to the CRT wood

1
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post. The lower portion of the UBSP consisted of a foundation tube with the lower base plate. The
upper portion of the UBSP consisted of a post with thgeujpase plate. The bullnose system
utilized Breakaway Cable TerminaBCT) posts for the first two posts as well as for the last two
anchorage posts on each side of the barrier. Post nos. 3 through 8 wes &i8iSRe remaing

posts were standard thiiiam guardrail steel posts. The system was subjected to test designation
nos. 330, 331, and 338 of NCHRP Report No. 350 to determine if it met the 3rkafety
performance criteria and to ensure the UBSP design was providing similar performance to the
original CRT posts. In all three fuficale crash tests, the vehicle was safely contained and
decelerated, and the barrier did not cause vehicle instability.

After surveyingthe membestates in the Midwest Pooled Fund Progréarwas decided
that the MASH2016evaluation of the thridbeam bullnose sysm would focus omvaluation of
the system withthe UBSR. If the evaluation of this post typeas successfylthere may be
potential to evaluate the CRT post design using a smaller subset of criticah @ssbsequent
research effort

1.2 Objective

The research objective of the following report was to conduct full scale crash testing on
thethrie-beam bullnose median barrier system according td th& of the MASH2016 impact
safety standardg3]. Due to the extensive number of full scale crash tests that are required to
evaluate a thrideam bullnose systemMwRSF and thélidwest Pooled Fund Program members
decided to phase the crassting in order to efficiently determine if thierie-beam bullnose
system ould meet the TE3 criteria. Phase |, which is describleerein evaluated the bullnose
design with three critical crash tests.

1.3 Scope

Three fullscale crash tests were conductedthethrie-beam bullnosesystem.Test no.
MSPBN-1 wasconductedaccording toMIASH 2016 test designation n8-35. Test designation
no. 335 requireda pickuptruck weighingappioximately 5,000 Ib (2,268 kgyith target impact
conditionsof aspeed of 62nph (100 km/h) and an angle of 25 degrdéss testwas completed
to evaluate the ncegating thrie-beam bullnoserash cushion ahe critical impact point on the
system where the behavior transitonfrom capture to redirectiorifest no.MSPBN-2 was
conductedaccording tdIASH 2016test designationo. 3-34. Testdesignation no.-34 requires
a small car weighing approximately425 Ib (1,10kg) with target impact conditionsf a speed
of 62 mph (100 km/h) and an angle of 15 degréks testwas completed to evaluate the impact
performance criteria of thiarie-beam bullnose ahe critical impact point on the system where
the behavior transitiedfrom capture to redirectioifest no. MPSBMB wasconductediccording
to MASH 2016testdesignation na3-32. Test designation no-32 requireda small car weighing
approximately 2,425 Ib (1,100 kgjith target impact conditionsf a speed of 62 mph (100 km/h)
and an angle of 15 de@®This testvas conducted to evaluate the safety performance of the thrie
beam bullnose system when impacted at an angle by a small car vehicle on the nose or end of the
system.
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2 TEST REQUIREMENTS AND EVALUATION CRITERIA

2.1 Ted Requirements

The thriebeam bullnose system is classified as agatng redirectivecrash cushion for
the purposesfoevaluationand must satisfy impact safety standar@ier new hardware, these
safety standards consist of the guidelines and procegurgished in MASH 20163], andas
many asine full-scale crash tests are potentially required to evaluate this type of hardware
shown inTablel. Note that there is no difference between MASH2[1] and MASH 2016with
respect to nowgating rediredve crash cushionsexcept that additional occupant compartment
deformation measuremerdsd photographic documentatiane required by MASH 2016

Tablel. MASH 2016TL-3 CrashTest Conditions for Bullnose Guardrails

Test Vehicle Impact Conditions _
AT?St Designation Te; t Weight, Speed, Angle, quluqtl?n

rticle No. Vehicle Ib mph deg, Criteria

(kg) (km/h)

330 | 1100C (ﬁ%g) (fozo) 0 (?625&?65)

331 | 2270P (212?8) (16020) 0 (rlASEéFéEﬁg)

332 | 1100C éﬁ%g) (fozo) 5-15 (nAc;EQFéEﬁg)

333 | 2270P (2:238) (16020) >15 (nAc;E’gFéEr;lg)

renegne o3t | 000 | G355 | oy | 15 | comgaumy
cushons | 3% | 21 | g | qon | 25 | ADEH
336 | 2270P (23238) (16020) 25 (faﬁgéﬁﬁlg)

337a | 2270P (3’2938) (16020) 25 (r?(;E;;FéEr;Ig)

337b | 1100C (ﬁ%g) (fozo) 25 (,f\gﬁggﬁr;g)

3-38 1500A &288) (fozo) 0 (,f\gﬁggﬁr;g)

! Evaluation criteria explained ifable2 [3]
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Table2. MASH 2016 Evaluation Criteria forhrie-BeamBullnose Guardrails

Structural
Adequacy

A.

Test article should contain and redirect the vehicle or bring the v
to a controlled stop; the vehicle should not penetrate, underrid
override the installatioalthough controlled lateral deflection of t
test article is acceptable.

Occupant
Risk

Detached elements, fragments or other debris from the test 3
should not penetrate or show potential for penetrating the occ
compartment, or present andue hazard to other traffic, pedestria
or personnel in a work zone. Deformations of, or intrusions intoj
occupant compartment should not exceed limits set forth in Sg
5.2.2 and Appendix E of MASH 2016.

The vehicle should remaiapright during and after collision. TH
maximum roll and pitch angles are not to exceed 75 degrees.

Occupant Impact Velocity (OIV) (see Appendix A, Section A5.2.
MASH 2016 for calculation procedure) should satisfy the follow
limits:

Occupant Impact Velocity Limits

Component Preferred Maximum
o 30 ft/s 40 ft/s
Longitudinal and Lateral 9.1 m/s) (12.2 m/s)

The Occupant Ridedown Acceleration (ORA) (see Appendi
Section A5.2.2 of MASH 2016 for calculation procedusépuld
satisfy the following limits:

Occupant Ridedown Acceleration Limits

Component Preferred Maximum

Longitudinal and Lateral 15.0 g 20. 49

As noted previously, Phase | of the research effort consisted of the evaluatiothoithe
beam bullnose system with three critical tests from the recommended NMABdFtest matrix.
Based on the previous development and testing of thelibam bullnose systemwiasbelieved
that testdesignatiomos. 332, 334, and 335 would be the wst critical for evaluation of the
system. Testlesignatiomos. 334 and 335 are conductedlthe critical impact point (CIP) of the

non-gating, redirective crash cushiombere it is unknown if the bullnose will capture or redirect
the vehite. Because of difficulties in passing tests regarding the CIP at the point of
capture/redirection in past evaluatipitsvasbelieved thathese testshould be evaluated early in

theeffort. Another concern with the bullnose system evaluation under M#&dthe capture and

safe deceleration of the 1100C small car vehicle. As suctvastrecommended that test

designatiomno. 332 be conducted early in the research effort to deterthmevalidity of this

concern.
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Test designationnos. 334 and 335 are required to be conducted at a CIP where the
behavior of the crash cushion transitions between capture and redirection of the impacting vehicle.
In order to identify CIPs for these impadviwRSF reviewed previous testing of the &lbeam
bullnose system and end terminals and compared this data with the ROASHnpact conditions
for testdesignatiomos. 334 and 335. When testing theteel and wood post bullnoaecording
to NCHRP Report No. 350 criteria, MWRSF conducted a test similar to MASED16 test
designatiomo. 335 with the 2000P vehiclenpacting the systerat post no. 2 at an angle of 20
degrees, and it proved to be a very difficult test to gamsteference, a schematictbe bullnose
system with post numbers is providedrigurel. For MASH 2016testdesignatiomo. 335, the
impact angle increased to 25 degreesl the mass of the pickup truck increased. Thus, tinese
reason to expect thathen impacted at post no, the bullnosesystem would capture the vehicle
rather than redirect.itt was also expecteithat the potentials greater for the systeto redrect
the vehiclewhen nearingpost no. Swhich iswhen the rail becomes parallel to the road and the
impact is 12.5 (3.8 m)from the anchor. Thibehaviorwould correlate with post no. 3 for a
standard guardraéind terminal, which is typically usedrfthe beginning oflength of needl{(ON)
in terminal impactsThus it was determinethatthe CIP for MASHtestdesignatiomo. 335 be
locatedat post no. 3which is halfway between the cable anchor at post no. 1 and the assumed
beginning of LON/redire@n point at post no. 5.

A small car test of the CIP of the transition from capture to redirection was not conducted
on the thriebeam bullnose under NCHRP Repild. 350as it was not requiredue to the lack
of previous thriebeam bullnose datalated to this testhe reseateersreviewed MASH terminal
testing for theVISKT [10] and theSoftStop[11]. Note that these systems have posts-an7post
spacing while the bullnose uses 34ri2post spacing, as shownhigurel. Testdesignatiomo.
3-34 on the SoftStop impacteat post no. 1 in the system (at the impact head). dessgnation
no. 335 on the Softstop wa®nductedat the beginning of LONandthe impact point waat post
no. 3. For the MSKTtestdesignatiomo. 334 was conducted with thenpactpointat post no. 2
and testesignatiomo. 335was conducted with the impact poaitpost no. 3. Thus, it appear
that tesdesignation nd3-34 hasbeen typicallyconductedupstreanfrom thesystend EON point
based on théest having aeduced impact angle of 15 degrees and the lighter vehiclethzass
testdesignationno. 335. Because the thribeam bullnose uses as similar cable anchorage to
existing end terminal designs near the noseag believed that tedesignatiomo. 334 should
be conducted upstream of the LON for end terminals, which would correspondrodipost on
a typical end terminal and tHi#th post on the thridoeam bullnose. Additionallyit was noted
previously thatest designation no-35 should be&onducted on the thdeeam bullnose with the
CIP locatedat post no. 3Thus, the 1100C impact in ted¢sgnationno. 334 should be located
upstreanfrom post no. 3 due to theghter vehicle mass ang@duced impact angle. Placement of
the CIP at post no. 1 would eliminate the potential for vehicle redirection as the cable anchorage
is connected to that post. Thus, post no. 2 on theleaen bullnose was selected as the CIP for
evaluation ofthetramnst i on of t he systembs bforteatddsignatiof r o m
no. 334.

Finally, MASH 2016test designation no-32 consists ofa 1100C vehicle impacting the
center of the nose of the systenaatangle ranging frorh to 15 degreesThe lower end of the
angle range is typically recommended for evaluation of gating end terminal sy€t&8id4.2016
recommends thatongating redirective systems be impactea di5degree angléor this test.

c
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Thus, the thricbeam bullnose was evaluated vathl5degree impact angle test designation no.
3-32.

It should be oted that the remainintgestsrecommended in the MASBD16test matrix for
nongating, redirective crash cushiomsl be addressdin subsequent researilthe initial critical
testsaresuccessful.

2.2 Evaluation Criteria

Evaluation criteria for fullscale 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 aratéended to evaluate the ability of thallnose guardraito 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 imphidiag v
Postimpact 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 othéiales. These evaluation criteria are summarized
in Table 2 and defined in greater detail in MASH 2016. The -&dale vehicle crash test
documented herein wemmnducted and reported in accordance with the procedures provided in
MASH 2016.

In addition to the standard occupant risk measures, thelfpsict Head Deceleration
(PHD), the Theoretical Head Impact Velocity (THIV), and the Acceleration Severity Index (ASI)
were determined and reported. Additional discussion on PHD, THIV and ASI is prawided
MASH 2016.

2.3 Soil Strength Requirements

In accordance with Chapter 3 and Appendix B of MASH 2016, foundation soil strength
must be verified before any fedlcale crash testing can occur. During the installation of a soil
dependent system, additional W6x16 (W15282 posts are installed near the impact region
utilizing the same installation procedusesthe system itself. Prior to fulicale testing, a dynamic
impact test must be conducted to verify a minimum dynamic soil resistance of 7.5 kips (33.4 kN)
at postdeflections between 5 and 20 in. (127 and 508 mm) measured at a height of 25 in. (635
mm). 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 estiabéiskline 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

The test installation ewmistedof a thrie-beam,bullnose median barrier systemvhich
utilized USBPs as shown irFigures2 through27. Photographs of the test installatsare shown
in Figures28through35. Materialspecifications, mill certifications, and certificates of conformity
for the system materials are showrAppendix A

A onehalf barrier system was utilized for the testing program in order to reduce costs and
construction timeNote hat a dual cable end anchorage was used on each end of the system to
provide tensile and compressive resistance at the end of thbalinkarrier systemthus
mimicking the proper resistanagf a complete installationlhe 177%in. (4502mm) bullnose
system was constructed with twesgtight posts, with fourteen posts positioned on each side of the
system.The two sides of the system were labeled Side A and Side B, and their posts were
numbered Al to Al4 and Bl to B14 respectivélgch side bthe system contaed two BCT
posts, six UBS® four W6x8.5 standard guardrail posts, and two BCT anchorage posts,
respectively from the nose of the systemdote that both W6x8.5 and W6x9 post sections have
been typically been allowed for both the linests and the upper section of the UBSP as these
posts have very similar section properties and have been used interchangeably in guardrail
systemsThe lower portion of the UBSP con&diof a foundation tube with the lower base plate.
The upper portion ahe UBSP consistlof a post with the upper base plafbe upper and lower
halves of the UBSRvere connected with a series of four bolts tigre designed to allow the
upper portion of the post to disengage a specific force levels when loaded inethé dad
longitudinal directions.

Two minor nmodificationswere made to the UBS&s compared to iterations of the post
design evaluated in previous research effoft9, 12]. First, several weld sizes were altered for
the welds conneing the Wsection to the upper base plate and the tube to the lower base plate.
These welds were reduced in size as the original welds were specified too large for the thickness
of the welded parts and the additional weld was unnecessary. Thugldn®nnecting the top of
the W6x8.5p0st to theupperbaseplatevas changetb a %zin. (6-mm) fillet weld on the front and
back of each post flangend to a/1e-in. (5mm) fillet weld on each side of the welfhe weld
connecting the tube to the lower base plate was chaogetis-in. (5-mm) fillet weldaround the
tube

The second modification to the UBSP was a slight increase dhittleness of thdase
plate on the lower section of the post. Previolisdcale crash testingf systems with the UBSP
demonstated a tendency for deformatiohthe lower base plate during impastens. A slight
increase in the thickness of the base plate was not expected to degrade the performance of the
UBSP. However, itvas anticipated that the thickness increase could prevent damage to the lowe
section of the UBSP and allaive lower section to be reused in an installation. Reuse of the base
of the post would provide a significant reduction in the repair costs of ghensyy eliminating
the need talig up and replace the UBSP following an impact. Thughilckness of the base plate
on the lower section @dhe post was increased from %z in. (13 mmgtan. (16 mm).

All posts were elibedded ira coarsegrushed limestoe aggregatél he soil was compacted
in 3-ft (610-mm) diameter augured holes usingn8(203mm) lifts. Also, the fracturing bolts in
the breakaway posts were torqued to 60 to 4b (81.3 to 101.7 Nm) for the fullscale crash
testing program.
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Figure23. Rail Section Details Section No,. Best N&. MSPBN1 through MSPBMN3
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