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1INTRODUCTION

1.1 Background

In recent years, the Midwest States Pooled FRrajramhas been developing a non
proprietary high-tension cable median barrier in conjunction with the Midwest Roadside Safety
Facility (MWRSF)[1]. This cable barrier system was intended for use anywhere within a 6H:1V
median \{ditch and consisted of four cables supported by Midwest Weak Posts (MWPs) spaced
at intervals ranging betweeh ft and 16 ft (2.4 m and 4.9 m). A bolted, tabbed bracket was
utilized to attach the lower three cables to alternating sides of the MWPs, while a brass keeper
rod was utilized to contain the top cable within-adftch cut into the top of the posts.

Prevously, this cable barrier system was subjected to sixséalle crash tests in
accordance with th&anual for Assessing Safety Hardware (MASH)]. Test no. MWPL, in
accordance with MASH test designation nel73 was conducted with a 1500A vehicle
impacting the system placed on the slope break point of a 6H:1V mediliichv During the
test, the sedan was successfully captured and redirected by cable no. @ olawildden cable
no. 1 and underrdkn cable nos. 3 and 4][

For test no. MWR2, the barrier was placed on level terrain, and the system cables were
mirrored sothat cable no. 2 was on the impact side of the posts and cable nos. 1 and 3 were on
the nonimpact side. A 16t (4.9m) post spacing was utilized to
deflection and working width. During the test, the front tires of the 2r1€lp overrode cable
nos. 1 and 3. However, cable nos. 2 and 4 successfully captured and contained thEljehicle

For test no. MWB3, the post spacing wahanged to 8 ft (2.4 m) to evaluate system
deflections and working width with the tighter post spacing. During the test, the 2270P pickup
was initially captured by cable nos. 2 and 3 after overriding cable no. 1 and underriding cable no.
4. However, the qature cables were eventually pushed downward and overridden by the left
front tire of the pickup. After containment of the vehicle was lost, the cables wrapped around the
left-rear tire and yawed the pickup rapidly toward the barrier. The pickup ultinratkdgl over
as the righsside tires dug into the grourd]].

Modifications were made& improve system performance, which required furfioér
scale crash testy to evaluate the crashworthiness of the system according to the NTASH
Level 3 (TL-3) criteria R]. Test no. MWP4 was conducted in accordance with MASH test n
3-11. The barrier was placed on level terrain and utilized-f 30-m) post spacing to establish
the working width associated with a reduced post spacing. During the test, the 2270P pickup
truck was initially captured and redirected by cable n@md®4. However, the vehicle eventually
overrode cable no. 2 after the vehicle was parallel with the sy8lem

Test no. MWP6, conducted in accordance with MASékt no. 310, involved a 1100C
small car impacting the fowrable median barrier system witkt§2.4-m) post spacing on level
terrain. During the test, the small car was captured and redirected by cable no. 2pillae A
received only 0.12 in. (3 mm)¥ deformation, as the vehicle underrode cable nos. 3 and 4. The
occupant compartment was penetrated when the top of posts were overridden, causing tears in
the floorpan in two locations. Thus, test no. M\WRvas determined to have failed the safety
performance criteria corresponding MASH test designation no-B0[3].

1
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To reduce the likelihood of occupant compartment penetration, the top corners of the
MWP postwee r ounded. The outer corners were radi
corners were filleted % in. (6 mm). Test no. MVWWRvas a repeat of MWB, but with the
modified MWP post. During the test, the small car was captured and redirected by cable no. 2
However, the floorpan was again torn due to contact with the tops of the MWP posts as the
vehicle overrode them. Four separate tears occurred. Thus, test no.7MW&® determined to
have failed the safety performance criteria correspondiMABSH test asignation no.-30[3].
These performance issues highlighted the need to develop new barrier componerd#y the
existing barrier components improve the safety performance of the cable median barrier.

Twenty-onebogie tests were conducteddwaluateseveral post modificadns[4]. From
the bogietest results, th&1WP was modified to include roundedp edges of the post and a %
in. (19mm) diameter weakening hole at the groundlin€he rounded edge removed sharp
corners at the top of the post and the weakening holes reduced thaxieealipacity othe post
to lower the force exerted by the post on the floorpdrhis report highlights one of thill-
scale test conducted on the redesignedonproprietiry, four-cable median barrier system
according to the MASH Test Level 3 (13) criteria P].

1.2 Research vjective

The objective of this search studyas to evaluate the safety performance of the-high
tension cable median barrier in a-ditch. The system was evaluated according toTthe3
criteria of theManual for Assessing Safety Hardware (MA$®]) This report doaments the
evaluation of the cable system to MASH test designation-0. 3

1.3Research Scope

Onefull-scale crash test was conducted according to MASH test designatig/idon
a nonproprietary, hightension cable median barrier systeifhe crash teattilized a small car
weighing approximately2,425 Ib (1,100 kg). The target impact conditions for the test were a
speed of 62 mph (100 km/h) and an angle of 25 degrees. The crash test was conducted to
evaluate the system after modifications were madeetdists that removed sharp corners at the
top of the post and reduced the weads capacity of the post to lower the force exerted by the
post on the floorpanData obtained from this cradbst wasanalyzed, and the results were
utilized toformulatecorclusions and recommendations.



May 10 2017
MWwRSF Report NoTRP-03-331-17

2 TEST REQUIREMENTS AND EVALUATION CRITERIA

2.1 Test Requirements

Longitudinalbarriers,suchas cable median barriemsust 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 guidelime$s @rocedures published in MASE].
According toTL-3 of MASH, a cable barrier for use anywhere in ld:B/ V-ditch must be
subjected taeight full-scale vehicle @ash tests, as summarizedTiable 1. However, systems
with variable post spacings must &gbjected to MASH test designation nelBwith both the
narrowest and widépost spacingto establish the working widthounds of the barrier system
therebyincreasingthe required number of crash tests from eight to rftaough all nine tests
are needed to complete the system evaluatioly, one of the prescribed ftdicde crash tests,
test designation n®3-10, was conducted and reported herédthough the impact speed and
angle are consistent for all nine tests, the critical location of the barrier system within the median
ditch is dependent upon the specific crash te

Many cable barriers have variable post spacings, which allow roadside designers to select
the optimal configuration for a specific installation. When evaluating these variable post spacing
systems, the critical post spacing should be utilized during ¢essimg. The2016 edition of
MASH has identified the critical post spacing, either the narrowest or the widest spacing, for
each individual test within the testing matrix. MASH test designatid0 &ust be conducted
with the narrowest post spacing to ésth the working width bounds of the barrier system.

In accordance with MASH requirementie critical impact point for the 1100C vehicle
was determined to be located at the midspan between posts. This impact location was determined
to maximize the potdial for vehicle penetration by allowing the vehicle to penetrate between
cables.

When norsymmetrical cable barriers are tested, it is important to test the orientation that
produces the greatest risk of failure. To accomplish this critical evaluation, the orientation of the
cables was selected such that primary capture cable woldddted on the neimpact side of
the post. The primary capture cable for the 1100C vehicle was determined to be the second cable
from the ground(bottommiddle) Selecting this orientation allowed for the greatest risk of
failure by delaying vehicle intédock with the barrier and increasing the potential for the vehicle
to penetrate through the system.
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Tablel. MASH TL-3 TestMatrix for Barrier Placement Anywhere Within a 6H:1W-Ditch

Vehicle | ImpactConditions | System Configuration

Test Test Weight, Speed, Evaluation

No. | Vehicle Ib mph A(rjlgle, LSySE'eTil SPOS_t Criterig?
(kg) (km/h) eg ocatio pacing
2,425 62 .

3-10 1100C (1.100) (100) 25 Level Terrain| Narrow | A,D,F,H,I
5,000 62 .

3-11 2270P (2.270) (100) 25 Level Terrain| Both A,D,F,H,I
5,000 62 9 ft Down

3-13 2270P (2.270) (100) 25 Front Slope Narrow | A,D,F,H,I
2,425 62 9 ft Down

3-14 1100C (1.100) (100) 25 Front Slope Narrow | A,D,F,H,I
2,425 62 4 ft Up Back .

3-15 1100C (1.100) (100) 25 Slope Wide | A,D,FH,l
2,425 62 1 ft Down

3-16 1100C (1.100) (100) 25 Back Slope Narrow | A,D,F,H,I
3,300 62 .

3-17 1500A (1.500) (100) 25 See Noté Wide | A,D,F,H,I
5,000 62 At Back Slope .

3-18 2270P (2.270) (100) 25 Break Point Wide | A,D,F,H,I

! Test nos. 4.3 through 318 shall be conducted within a 30(9.1-m) wide, 6H:1V \/ditch

2 Evaluation criteria explained ifiable?2.

3 Testing laboratory to determine critical barrier positionront slope of ditch to maximize
propensity for front end of 1500A vehicle to penetrate between vertically adjacent cables.

2.2 Evaluation Criteria

Evaluation criteria for fullscale vehicle crastesting 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 afaible median barri¢o 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.
Postimpact vehicle trajectory is a measure of plodential 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 iMrable2 and defined in greater detail in MASH. The fstlale vehicle crash test
documented hereiwas conducted and reported in accordance with the procedures provided in
MASH.

In addition to the standard occupant risk measures, thellRpatt Head Deceleration
(PHD), theTheoretical Head Impact Velocity (THIV), and the Acceleration Severity Index (ASI)
were determined and reported on the test summary sheet. Additionssttiscon PHD, THIV
and ASl is provided in MASH.
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Table2. MASH Evaluation Criteria fot.ongitudinalBarrier

Structural
Adequacy

A.

Test article should contain and redirect the vehicle or bring
vehicle to a controlled stop; theelicle should not penetrat
underride, or override the installation although controlled laf
deflection of the test article is acceptable.

Occupant
Risk

Detached elements, fragments or other debris from the test :
should not penetrate or shqwtential for penetrating the occupg
compartment, or present an undue hazard to other tr
pedestrians, or personnel in a work zone. Deformations o
intrusions into, the occupant compartment should not exceed
set forth in Section 5.3 amkppendix E of MASH.

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

Occupant Impact Velocity (OIV) (see Appendix A, Section A5.J
MASH for calculation procedureshould satisfy the following
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 Appendix
Section A5.3 of MASH foralculation procedure) should satisfy {
following limits:

Occupant Ridedown Acceleration Limits

Component Preferred Maximum

Longitudinal and Lateral 15.0 ¢ 20. 49

2.3 Soll Strength Requirements

In accordance with Chapterahd Appendix B of MASH, foundation soil strength must
be verified before any fulicale crashiesting can occur. During the installation of a soill
dependent system, additional W6x16 (W152x23.8) pwsi® installed near the impact region

utilizing the samre installation procedures #e system itself. Prior to fulicale testing, dynamic

impact teshg wasconducted 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 ditaoh2myin. (635

mm) above the groundlindf dynamic testing near the system is not desired, MASH permits a
static test to be conducted instead and compared against the results of a previously established

baseline test. In this situation, the soil musivide a resistance at least 90 percewf 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
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3 DESIGN DETAILS

The test installation was comprised affou-cable median barrier systeas shown in
Figuresl through24. Photographs of the test installation are showf&igures27 through31
Material specifications, mill certifications, and certificates of conformity for the system materials
are shown imAppendix A

The cable barrier systeoonsistedf several distinct components: (1ghitension cables
or wire ropes;(2) cable splices; (3) steel support posts; (4) cabfgost attachment brackets;
(5) breakaway end terminals; and (6) reinforced concrete foundaftons. ¥%in. (19mm)
diameter, Class A galvanized 3x7 (fsteetched) wire ropes were utilized for toagitudinal
cables.The cables were plad at heights of 2& in. (3% mm), 23 in. (584 mm), 3@ in. (75
mm), and 38 in. (965 mm) above the grouma The cables were numbered 1 througbtérting
with the bottom cablend proceeding upward the topcable.These cables were supported by
modified MWPs measuring 83 in. (2,108 mm) in length. The MV¢Rabricated from bent-7
gawe (4.6mm) sheet steeto a 3in. x 1¥%in. (76mm X 44mm) cross sectionThe
modificationsto the MWPincluded roundedop edges of the post and a-#h. (19mm) diameter
weakening hole at the groundlinEhe spacing between the posts \8d$ (2.4 m). The overall
length of the system was 604 ft (184 m).
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(2) At @ minimum, critical post nos. 26—48 are placed in 18" [457] diameter
hole backfilled and tamped in well compacted soil.

(3) Test cable tensions of 2500 + 200 Ib [11.1 + 0.890 kN].

(4) Bottom cable on impact side.

(5) Span between posts 68 and 69 is 144" [3658].

(6) Post nos. 22—-53 are modified weak posts as shown on sheets 19-22.
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