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1INTRODUCTION

1.1 Background

In recent years, the Midwest Pooled Fund Program has been developingraprietary,
high-tension, cable median barrier in conjunction with the Midwest Roadside Safety Facility
(MwWRSF).The barrier was to be developed for placement anywhere within a 6Hdit¢h and
it was to be evaluated accordingthe Test Level 3 (I-3) criteria ofthe Manual for Assessing
Safety HardwargSecond EditioiMASH 2016)[1]. The most recent design prototype was a four
cable system supported byeakposts[2], as shown inFigure 1. This cable barrier system
consisted othree hardware pieces: (1) a post fabricated from bent plate, referred to as the Midwest
Weak Post (MWR)(2) a cableto-post attachment bracket to be utilized on the lower three cables
of the systemand (3) a ¥notch andrassod, cable attachment lotad atthe top of the postThe
cableto-post attachmenfabricated from 1Zjauge steel, had a tabbed top portion that extended
through a keyway in the post, and was attached to the post Withim (8-mm) diameter bolt.

The top of the tabbed brackets designed to release through the keyway under relatively low
vertical loading, approximately 38000 Ib(1.3-1.8 kN).However, when loaded laterally, the tabs
would catch the narrow portion of the keyway and provide over 6R3 kN)of resistance.

Figurel. Current Cable Median Barrier Prototype
1



April 22, 2019
MWwRSF Report NoTRP-03-380-19

Development of the cable median barrier has progressed through multiple crash tests in
accordance with MASH 2009 and MASH 2016-3L1, 3]. Note that there is no difference
between MASH 2009 and MASH 2016 test designation ngd) and 311 for longitudinal
barriers, including the cable barriers studied in this rese&loivever, the testing matrix has
changed to include one additional test on level terrain as well as several other tests for evaluating
barriers within ditches.

Full-scale testing and evaluation with a 150@#Adsizesedanand 2270P pickup trucks
resulted in satisfactory system performartje lHowever, fultscale crash testingith the 1100C
small car has resulted in the top of the post
occupant compartment as the vehicle overrode various systenj§josts

Review of the test vehicles and higheed videos revealed that the tears were caused by a
combi nati on o-&xis behding girength and cressetiankl geometry. The strength
of the post, specifically the elastic rastibon force of the MWP, caused the top of each overridden
post to press up against the undercarriage of the vehicle. Theseaismal geometry of the MWP
contained free, or exposed, edges that transmitted the post contact forces into the floor pan and
ultimately resulted in scraping, gouging, and tearing. These tears were deemed penetrations into
the vehiclebdbs occupant c-coae @ash tests fram satisfydng the e v e n
MASH 2009 safety criteria. Therefore, modifications to the MWe&ludingedge rounding, steel
plate edge protectors, and post weakening technigaesmadeto prevent penetrating into the
occupant compartmer®6]. Moreover, he %zin. (19mm) diamete hole resulted in a 10%
reduction in strongxis bending strength, and thus, was recommended for further evaluation
through fultscale vehicle crash testirnbhe MWP with 3zin. (19mm) diameter weakening holes
and rounded top edgesms evaluated in accordance with MASH 2016 test designationim. 3
[7]. The modified cable barrier system adequately contained and redirecidd@ vehicle with
controlled lateral displacements of the barrier. However, floor pan teagaigoccurred, and the
test was deemed unacceptable according to the MASH 20B5sékety criteria.

In afollow-up study,a series of dynamic component testsre conducted to evaluate
two-part cap attached to the top of the MWP with a singia.’zL3-mm) diameter retainer bolt
that shieleédthe free edges of the MWP during ptsivehicle contack8]. The cable barrier with
the modified postas shown irFigure 2, was evaluated in fukcale crash test no. MW&in
accordance wit MASH 2016testdesignatiomo. 310[9]. Cablenos. 3and 4snagged on the cap
retainer bolt and nut and inducaddlownward and lateral force to thepAlar. This interlock
between the cables and thegpfMar resulted in excessive-gillar crush.t was believed that a two
part cap optionvould not bea viable, practical solution for mitigatiripor pantearing dued the
increasing number of parts and complexity of the post deSajlowing the fultscale crash tests,
the MWRSF researchers reviewed the current design of thednglon cable median barrier and
identified several areas of concern. First, the cul®MP has exposed free edges which could
cause floor pan tearing. This issue could be eliminated with the use of aséatied or a folded
section post with edges bent inward. It was also noted that further weakening of the post in both
the lateral anddngitudinal directions may potentially reduce concerns for excesspidaAcrush.
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Figure2. Current Cable Median Barrier Prototywéh Edge Protectors

1.2 Objective

The objective of this research effarias to evaluateclosedsection poss for usein a
prototype non-proprietary,high-tension, cablenedian barrier systeto be placednywhere in a
6H:1V V-ditch.

1.3 Scope

The design efforbeganwith an investigation into closeskectionsthat had strong and
weakaxis capacities withirsetdesired ranges. Thgectionswere evaluated through a series of
dynamc component tests in the streagis and wealaxis orientations in a rigitbundation The
data from these testgasanalyzed and reviewed in order to selepteferredclosedsectionto be
used as a post the barrierFinally, conclusions and recommendations were made concerning the
potential post sections in the new cable median barrier prototype.
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2 DESIGN OF ALTERNATIVE POST SECTIONS

The currentcable barrier systemonsists oMWPs thathaveexposed free edgeshich
havecaugdfloor pan tearing and penetration ithee vehicle occupant compartmesas observed
in several fulscale crash test$,[7]. This issue could be eliminated with the use of a closed
section post or folded-section post with edges bent inwardClosedsection posts, such as
rectangular tubes, provide much larger acefareas in whictine contact load idistributel. The
stress concentrations the floor parfirom contact with a free edge never forms, and the propensity
for sheet metal tearingould bereduced

It was also noted thakhé strength of the postaused ta top of overridden pasto press
up against the undercarriage of the vehiElether weakening of the post in both the lateral and
longitudinal directions may potentially reduce concernsfltmr pan tearing anéxcessive A
pillar crush.Therefore, dvelopment of the potential post sections for tiogproprietary high-
tension cable median barrievascontinued byevaluatingalternativeclosedsections

2.1 Design Criteria

In order to improve the system performance through the use of a -Geskoh post,
desiredpost criteria were established. These criteriduded:

1. Lateral (strongpxis) capacity

The lateral capacity of the new post section was desireedqualto or less than
the current MWRwith strongaxis section modulus of 0.8467 ({8.5x1G mnt")
in order to limit the loading of the-fillar by the cables angotentiallyimprove
the energy dissipation of the system.

2. Longitudinal (weakaxis) capacity

The longitinal capacity of th@ew pet design waslesired to be less than the
current MWP With weakaxis section modulus of 0.2997*i(L.2x10° mnm?)) in
order to reduce potential vehidl®or pan tearing, vehiclenstabilities or snag
concerns with vehicles impting the posts.

3. Yield and Tensile Strength

The vyield strength and tensile strength shall meet the minimum values of 50 ksi
(345 MPa) and 62 ksi (427 MPa), respectvélote that ASTM A500 Grade B
structural tubing was also deemadceptable as long ats imill certification
demonstrated a minimum yield strength of 50(8%i5 MPa) AISC denotes that
ASTM A500 Grade B structural tubing has a minimum yield strength of 46 ksi
(317 MPa)

4. Keep costs of the posts similar or less than MWP.

5. Ease ofattachingthe cableto-post attachments must be considered.
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2.2 ClosedStructural Steel Sections

Closed structural steel sectionsncluding the Hollow Structural Section (HSS) and
Mechanical Tube (MT)were reviewed as potential alternative sectibhsmerous sections met
the minimum criteria for weakand stronepxis capacities, as shown iable 1. Since the
researchers did noesireto pursue a section that is diffilt to obtain availability was also taken
into considerationThe closedsectiors that met the design criter@and were readily available
included (1) HSS3x2xa (76-mm x 52mm x 3mm); (2) MT 3x2x11gauge(76-mm X 5kmm x
3-mm); and(3) MT 4x2x14gauge(102mm x 52mm x 2mm). Other closed sections, including
MT 3.5x1.5x0.120@auge(89-mm x 38mm x 3mm), metthedesign criteria but were not readily
available

Holesof varyingsizes and patterngere used taveaken the sections in the weaks as
shown inTable2. These sectionsadweak and strongaxisstrengths in the desired rangesich
wereless than or equal to the current MWP with twen¥{19-mm) diametemnweakeningholes.
Theproposed sectionseighed lesgper foot as compared the current MWPConsequentlytis
anticipated that thproposed closesection which are standarsectionswould cost less than the
currentMWP design The geometry of the HSS and MT sections were symmetric and conducive
to mounting cabkto-post attachments.

The proposed cross sections had depths and widths which approximated those of the
existing post, as shown igure3. Two gauge thicknesses, 11 gauge (3 mm) and 14 gauge (2
mm), were selected as prototype posts to be evaluate in both the strong and weak axes.

1 3/4744]
7 Guage
17937 l 1 3/8"35] ’»

R3/16 4

///// 3776)

3/4719]
J_
(2) MWP
3776] 4"[102]
( R‘I(ﬁ;[)B] R_%#;gz]
2"[51] —1/B"3] 2751] 14 gauge[2]
A, °/ A /
(b) HSS 3x2 (c) MT 4x2x14 Gauge

Figure3. Comparison of (a) MWP, (b)) HSSx 2xa, and (c) MT 4x2x14 Ga
5



Tablel. ClosedSections Meeting Design Criteria

_ Diameter of\Neakening Mini_mum Area Thickness| Weight V_VeakAxis StrongAxis
Post Section Holesat Ground Line With Holes . Section Modulus 5| SectionModulus §
in. (mm) inz(mmp) | M- (mm) | Ib/ft (kg/m) in.4 (mn) in.4 (mn)

S3x5.7 No Holes 1.6695 (077 Varies 5.7000 8.5 1.6700 6.9x10) 0.3830 (..6x10)
MWP No Holes 1.2632 815 | 0.1793 (5)| 4.2747(6.4) | 0.9583 8.9x10) 0.4486 (.9x10)
MWP Two @ (19) 0.9943 641) | 0.1793 (5)| 4.2747 6.4 | 0.8467 8.5x10) 0.2997 (.2x10)
MWP SixE (10)| 0.8319637) | 0.1793 (5)| 4.2747 6.4 | 0.7287 8.0x10) 0.2293 0.9x10)
MWP Two (29% Slo(t 10) | 0.7543 467) | 0.1793 (5)| 4.27476.4) | 0.7092 .9x10) 0.1430 0.6x10)
HSS 3x2a One @2 (50) 0.6086 893 | 0.1250 (3)| 3.90006.8) | 0.7646 8.2x10) 0.2802 (.1x10)
HSS 3x24 Two @1 (25) 0.6086 893 | 0.1250 (3)| 3.90006.8) | 0.7210 B.0x10) 0.2802 (.1x10)
MT 3x2x0.120 One @2 (50) 0.6253 403 | 0.1250 (3)| 3.90006.8) | 0.7837 8.3x10) 0.2860 (.2x10)
MT 3x2x0.120 Two @1 (25) 0.6253 403 | 0.1250 (3)| 3.90006.8) | 0.7624 8.2x10) 0.2860 (.2x10)
MT 4x2x0.083 Three@® (22) 0.5150 832 | 0.083(2) | 3.26304.9 | 0.8326 8.6x10) 0.2780 (.2x10)
MT 3.5x1.5x0.120 One@10 (48) 0.6553 (423) | 0.1200 (3)| 3.8800 (5.77) 0.8452(3.5x10) 0.2755(1.1x10)
MT 3.5x1.5x0.120 Two @0 (22) 0.6553 (423) | 0.1200 (3)| 3.8800 (5.77) 0.8293(3.5x10) 0.2946(1.2x10)
MT 3.5x1.5x0.120 Three@O (48) 0.6553 (423) | 0.1200 (3)| 3.8800 (5.77) 0.8157(3.4x10) 0.2755(1.1x10)
MT 3.5x1.5x0.109 Three@le (41) 0.6576 (424) | 0.1090 (3)| 3.5400 (5.27) 0.8075(3.4x10) 0.2936(1.2x10)

*Weight is the weight of thetandard closed section without wesikeg holes.

6T-08E-€0dHION Hoday 4SHMIA
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Table2. ClosedSectiors Selectedor Dynamic Component Testirigased on Availability

Diameter of

Minimum Area

WeakAXxis

StrongAXxis

. Weakening Holes : Thickness Weight* . .
Post Section at GroundLine ngh Holes in. (mm) Ib/ft (kg/m) Sec‘qor: Modulus S Sec‘qor: Modulus,
; in? (mn?) in.* (mn) in.* (mmn)
in. (mm)
HSS 3x2@ One@?2 (50) Holes 0.6086 893 0.1250 B) 3.9000 6.9 0.7646 8.2x10) 0.2802 {.1x16)
HSS 3x24a Two @1 (25) Holes 0.6086 893 0.1250 B) 3.9000 6.9 0.7210 8.0x10) 0.2802 (.1x10)
MT 3x2x0.120 One@2 (50) Holes 0.6253 403 0.1250 B) 3.9000 6.9 0.7837 8.3x10) 0.2860 (.2x10)
MT 3x2x0.120 Two @1 (25) Holes 0.6253 403 0.1250 B) 3.9000 6.9 0.7624 8.2x10) 0.2860 {.2x10)
MT 4x2x0.083 | Three@O (22) Holes| 0.5150 832 0.083 @) 3.2630 4.9 0.8326 8.6x10) 0.2780 (.2x10)

~ *Weight isthe weightof the standard closed section without weakening holes.

6T08E-€0dHION Hoday 4SHMA

6102 ‘22 Iudy
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3 COMPONENT TESTING CONDITIONS

3.1 Test Facility

The testing faility is located at the Lincoln Air Park on the northwest side of the Lincoln
Municipal Airport and is approximately 5 miles (8.0 km) northwest of the University of Nebraska
Lincoln city campus.

3.2 Equipment and Instrumentation

Equipment and instrumentatiartilized to collect and record data during the dynamic
component t&ts included a bogie vehicleccelerometey a retroreflective speed trap, higheed
and standardpeed digital videcamerasand a still camera.

3.2.1Bogie Vehicle

A rigid-frame bogie was @l to impact the post&or a portion of the strorgxis and
weakaxis tests, a variableeight, detachable impact headswesed in the testing. The bogie head
was constructed @n8-in. (203mm) diameter, ¥n. (13mm) thick standard steel pipe, with %
in. (19mm) neoprene belting wrapped around the pipe to prevent local damage to the post from
the impact. The impact head was bolted to the bogie vehicle, creating a rigid frame with an impact
height of 27 in. (686 mm). The bogie with the round impact ealdown inFigure4. The weight
of the bogie with the addition of the mountable impact head and accelerometers was approximately
1,868 Ib (847 kg).

For the remaining strongxis and wealaxis tests as well ake 25 degree, th®ogie impact
head consisted of a 2. x 2%zin. x ¥#in. (64mm x 64mm x 6mm) square tube mounted to the
front of the bogie at a height of 12 in. (305 mm), measured to the center of the tube. A%
mm) thick neoprene pad was wraplaround the tube to prevent local damage to the posts during
the impacts. The bogie with the shear impact head is shokigure4b. The weight of the bogie
with the addition of the mountable impact head and accelerometers was approximately 1,774 Ib
(805 kg).

The bogie impact heash the floor pan bogieonsisted of a 24n. x 2Yzin. X Yxin. (64
mm X 64mm x 6mm) steel tube mounted to the front of the bogie atghheif 12 in. (305 mm),
measured to the center of the tube. An¥{19-mm) thick neoprene pad was wrapped around the
tube to prevent local damage to the posts during the impacts. The weight of the bogie with the
addition of the simulated floor pan, the umtable impact head, and accelerometers was
approximately 23321b (1,058kg).

A pickup truck with a reverseable tow system was used to propel the bogie to a target
impact speed of 20 mph (32 km/h). When the bogie approached the end of the guidangetsyste
was released from the tow cable, allowing it to be free rolling when it impacted the post. A remote
braking system was installed on the bogie, allowing it to be brought safely to rest after the test.
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(b)

Figure4. Rigid-FrameBogie (a) Impact Height 27 in. (686 mnand (b) Impact Height 12 in.
(305 mm)



April 22, 2019
MwRSF Report NoTRP-03-380-19

Figure5. Rigid-FrameBogiewith Simulated FlooPan

3.2.2Accelerometers

For test nos. CTPR throughCTPB-4 and test nos. CTRB1 throughCTPB-19, two
environmental shock and vibration sensor/recorder systiim SLICEL and SLICE2 units,were
mountedin the same location and orientatinaar the center of gravity of the bogie vehide
measure the accelerations in the longitudinal, lateral, andaladirections as shown irfrigure6.
However, only the longitudinal acceleration was processed and regestedst nosCTPB-1 and
CTPB-5 throughCTPB-10, only SUCE-2 was utilized taneasure the accelerations

The SLICE1 and SLICE2 unitsweremodular data acquisition system manufactured by
Diversified Technical Systems, Inc. (DTS) of Seal Beach, California. The acceleration sensors
were mounted insidené bodyof a custorbuilt SLICE-6DX event data recorder and recorded
data at 10,000 Hz to the lomard microprocessor. The SLIEDX was configured with 7 GB of
nonvolatile flash memory, a range #5 0 0 , ags@ngple rate of 10,000 Hz, and a 1,650 Hz (CFC
1000)anttal i asing filter. The ASLI CEWared comput e
Microsoft Excel worksheet were used to analyze and plot the accelerometer data.

10
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s ow.
Figure6. AccelerometeBystems, SLICEL andSLICE-2 Units Mounted on Bogie

3.2.3Retroreflective Optic Speed Trap

The retroreflective optic speed trap was used to determine the speed of the bogie vehicle
before impactFive retroreflective targefsspaced at approximatel8-in. (457#mm) intervals
were applied to the side of the vehicle. When the emitted beam of light was reflected by the targets
and returned to the Emitter/Receiver, a signal was sent to the data acquisition computer, recording
at 10,000 Hz,as well as the externalBD boxactivating the LED flasheS.he speed was then
calculated using the spacing betweenr#teoreflective targetand the time between the signals.
LED lights and higkspeed digital video analysis are only used as a backup in the event that vehicle
speeds cannot be determined from the electronic data.

11
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3.2.4Digital Photography

A combination of ae AOS highspeed digital video camera and three GoPro digital video
cameras were used to document each test. The AOSbégltd camera had a frameeraf 500
framesper second. fie GoPro video cameras had frame rates of 240 frames per ssceptifor
one GoPravhich was accidently set to 30 frames per second for CTRETPB14, and CTPB
15. The highspeed digital video camera and one of the GoPro video camemplaeed laterally
from the post, with a view perThesacdnddigitdlddeo t o t |
camera was placed on the opposite side of the post with respect to the other two G dnasl
GoPro camera was placed near thetpvith a close view of the post at tp@undline. A Nikon
digital still camera was also used to document anel posttest conditions for all tests.

3.2.5Data Processing

The electronic accelerometer data obtained in dynamic testing was filtered usidgethe S
Class 60 Butterworth filter conforming to the SAE J211/1 specificatiafs The pertinent
acceleration signal was extracted from the bulk of the data sigiha@grocessed acceleration data
was then multiplied by the mass of the bogie -
Next, the acceleration trace was integrated to find the change in velocity versus time. Initial
velocity of the bogie, calculatefrom the retroreflective optic speed trap data, was then used to
determine the bogie velocity, and the calcul a
displacement. This displacement is also the displacepfetite post. Combining the preus
results, a force vs. deflection curve was plotted for each test. Finally, integration of the force vs.
deflection curve provided the energy vs. deflection curve for each test.

12
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4 COMPONENT TESTING ROUND 1

4.1 Scope

A total of ten dynamicomponentests were conducted on closszttionpoststo evaluate
their weak and strongpxis bending strengths alwdmpare their performance to the MWP with
weakening holes used in the previously tested version of thetdngion cable median barrier
system.The dynamic component testing matrix is shown in

The dynamic component tests were conductedlosedsections includinddSS 3x2xa
(76-mm x 52mm x 3mm), MT 3x2x11 gauge (#61m x 52mm x 3mm), and MT 4x2x14 gauge
(102mm x 5Emm x 2mm) with different patterns of weakening had¢thegroundline, asshown
in Table3.

Thepostswere 63 in. {,600mm) long and had 24-in. (610-mm) embedment deptAll
material was ASTM A500 Grade B/Bowever, Grade Bubing requirecan actual yield strength
of 50 ksi (345 MPa)or greater Material specificationsmill certificates, and certificates of
conformity for the post materials are show\ppendix B The posts werplacedin a rigid steel
sleeveand shimmed tightior der t o eval uate t hé&hepgeimpadt me c h.
speed was 20 mph (32 km/h) for all ten te§tke impact agle was either 0 degrees (weaks)
or 90 degreegéstrongaxis) for each test, as shownTiable3.The test setup and post details are
shown in Figure§ throughll.
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Table3. DynamicComponenilesting Matrix, Test Nos. CTRB through CTPBLO

Target

Tesno, | osTye | SERCINO el et | Foudaton | Postint gn | e
' mph (km/h)

CTPB1 HSS 3x 2 One@2in.(51) | Strong Rigid Sleeve | 63 (1,600) | 27 (686) 20 (32)
CTPB2 HSS 3x 2 Two@lin. (25) Strong Rigid Sleeve | 63 (1,600) | 27 (686) 20 (32)
CTPB3 HSS 3x2| One@2in. (51) | Weak Rigid Sleeve | 63 (1,600) | 27 (686) 20 (32)
CTPB4 HSS 3x 2| Two@lin. (25) Weak Rigid Sleeve | 63 (1,600) | 27 (686) 20 (32)
CTPB5 MT 3x2x11Gauge| One @2in.(51) | Strong Rigid Sleeve | 63 (1,600) | 27 (686) 20 (32)
CTPB6 MT 3x2x11Gauge| One @2 in. (51) Weak Rigid Sleeve | 63 (1,600) | 27 (686) 20 (32)
CTPB7 MT 3x2x11Gauge| Two @1 in. (25) Strong Rigid Sleeve | 63 (1,600) | 27 (686) 20 (32)
CTPBS8 MT 3x2x11Gauge| Two @1 in. (25) Weak Rigid Sleeve | 63 (1,600) | 27 (686) 20 (32)
CTPB9 MT 4x2x14Gauge| Three@Oin. (22) | Strong Rigid Sleeve | 63 (1,600) | 27 (686) 20 (32)
CTPB10 | MT 4x2x14Gauge| Three @in. (22) Weak Rigid Sleeve | 63 (1,600) | 27 (686) 20 (32)
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PLAN VIEW

/—Steel Post

Wood, polymer, or

rubber bearing pad

247[610] ELEVATION VIEW

\Shim/block front

457 1143] and both sides

Notes: (1) Drawing shows strong—axis test setup only. For weak axis, the post shall
be rotated 90 degrees.

(2) A 21" [533] spacer is placed at the bottom of the rigid sleeve to raise
the post to” the correct height.

(3) Shim material to fit. Posts must be placed in holes with wood and steel
shims and made tight (i.e., no gaps).

(4) Additional camera positioned for a zoomed—in view of the base of the
post (holes).

(5) Measure post thickness three times on each end.

. . [SHEET:
Cable Median Barrier o 6
Post Testing DATE:
Test Nos. CTPB—1—10  [¥*/*7
[oRawN =v: |
2 3 Test Layout
Midwest Roadside d -
Sofet FOCility DWG. NAME. ISCALE: 1:30 REV. BY:
y CTPB_RS UNITS: in.[mm] EAL/RK:/N

Figure?.

Round 1- Test Layout, Test Nos. CTPBthrough CTPB10
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Safety Facility

Test No. |Part No. Post Type Bogie No. Emb?g.mfrr%tm]Depth L?r?.d }%erin ht lmgﬁ‘:;‘[kﬂ’/eﬁf Impact Direction
CTPB—1 a1 |HSS 3x2x1/8 [76x51x3] with one 2" [51] 3 24 [610 27 [686 20 [32.2 Strong—Axis Bendin
hole 9 9
CTPB-2 a2 | HSS 3x2x1/8 US"E;,’SS] with two 17 [25] 3 24 [610] 27 [686] 20 [32.2] Strong—Axis Bending
CTPB-3 @ |HSS Suwle [2eadns] witn sm 2[00 3 24 [610] 27 [686] 20 [32.2] Weak—Axis Bending
CTPB—4 gz |UBF BL/E [76R010] Wit e 1 [25] 3 24 [610] 27 [686] 20 [32.2] Weak—Axis Bending
Mechanical _Tubin MT) 3x2x11 gauge . .
c1PB-5 a3 phgnical Jubing (M), xRl \gqug 3 24 [610] 27 [686] 20 [32.2] | Strong—Axis Bending
Mechanical Tubin MT) 3x2x11 gauge . .
CTPB-6 a3 [76x51x3] with éne)zu (81] e d 3 24 [610] 27 [686] 20 [32.2] Weak—Axis Bending
Mechanical Tubin MT) 3x2x11 gauge . .
CTPB-7 a4 [76x51x3] R t&o )1" (55] holaag 3 24 [610] 27 [686] 20 [32.2] Strong—Axis Bending
Mechanical Tubin MT) 3x2x11 gauge . N
CTPB-8 a4 [76x5 %3] i tévo )1,: (35] hofaag 3 24 [610] 27 [686] 20 [32.2] Weak—Axis Bending
Mechanical Tubing (MT) 4x2x14 gauge . .
CTPB—9 a5 [102%51%2] with ?hr(ee )7/8:, [22]gho?es 3 24 [610] 27 [686] 20 [32.2] Strong—Axis Bending
Mechanical Tubing (MT) 4x2x14 gauge . .
CTPB-10 a5 [102x51x2] with ﬁqr(ee )7/8,, [22]9h0?es 3 24 [610] 27 [686] 20 [32.2] Weak—Axis Bending
| . [SHEET:
Cable Median Barrier 2 of 6
Post Testing DATE:
Test Nos. CTPB—1-10  [/*/*7
IORAW 57 |
- % Test Matrix
Midwest Roadside il
DWG. NAME. ISCALE: 1:30 REV. BY:

CTPE_RS

UNITS: In.[mrm]| KAL/RKE/M

Figure8. Round 1- Test Matrix, Test Nos. CTRB through CTB-10
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37[76] R1/873]
i B I (TYP)

2"[51] 1/8"[3]
T

PLAN VIEW
— 7/Lw- .._}/Z--
i 7/L__ _z/f__
|-—1 1/2"[38]
@ 63”1600
\(DZ"[51] [ ]
24”610
[610] <
ELEVATION VIEW PROFILE VIEW
Part al

7/8722]~

24"(610]

3"(78] R1/8"3]
i = TYPB
21511 [ ode1/873)
T

PLAN VIEW

-

_.h_1 1/4"32]

o

ELEVATION VIEW
Part a2

83" 1600]

PROFILE VIEW

Midwest Roadside
Safety Facility oo we

Post Details

Cable Median Barrier
Post Testing
Test Nos. CTPB—-1-10

[SHEET:
3 of 6

DATE:
8/28/2017

VEK/MES

DRAWN BY:

CTP3_R5S

[SCALE: 1:10
UNITS: in.[mm]

REV. BY:
gAL/ RKF/M

Figure9. Round 1- HSS 3x2x@ PostDetails, Test Nos. CTPAL through CTPB4
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3776] R.1196[3]
RS (TYP)
27°[51] 11 gauge[3]
PLAN VIEW

-1 1/27[38]

Dy

¥¢2"[51 ]

24”[610]

ELEVATION VIEW
Part a3

63"[1600]

PROFILE VIEW

3"76] R.1196[3]
Y (TYP)
2151] [ 2d=11 gauge[3]

S

PLAN VIEW

_ 7/L L _ i]/l,,

p— 7/L —— p— Vt-—
7/8"[22]+

-ﬁh_1 1/4"[32]
63"1600]
®1"[25
247610] <
ELEVATION VIEW PROFILE VIEW
Part a4

Midwest Roadsid
Safety Facility

€

Cable Median Barrier

SHEET:

4 of 6
Post Testing DATE:
Test Nos. CTPB—1-10  [/*/*V
DRAWN 3Y:
Post Details JEK/MES
DWG. NAME. SCALE: 1:10 REV. BY:
CTP3_RS UNITS: in.[mm] r>§AL/RKT/|\/

Figurel0. Round 1- MT 3x2x11 Gaugé’ostDetails, Test Nos. CTPE through CTPB3
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47

P

102] y
T_.< — RO(74;)[2]
271511 [:: il g4 2
_*_- — gauge[2]

PLAN VIEW

- _7/£___

1 1(4;(1"&32]__| I:~—2"[51]

247

g

610]

ELEVATION VIEW
Part a5

63"[1600]

PROFILE VIEW

Cable Median Barrier 5 of 6
Post Testing TATE:
Test Nos. CTPB—1—-10  [/*¥%7
P ¢ Detail DRAWN BY:
% % os etails K
Midwest Roadside /S
Sofety FGCi”ty DWG. NAME. SCALE: 1:10  [REV. BY:
CTP3_RS UNMTS: in.[mm] rtgAL/aKr/m

Figurell Round 1- MT 4x2x14 Gaugé’ostDetails Test Nos. CTPB® and CTPB10
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Post Testing

Midwest Roadside
Safety Facility | we

Bill of Materials

l}fg‘_’] QTY. Description Material Spec Galvanization Spec H%’Si\ggre
a1 | 2 [HSS Sxgx1/8 [7,§>T551{‘]3]hog3 [1,600] Long Steel **ASTM AS00 Gr. C *ASTM A123 (AASHTO M111) -
2 |2 5 aE Topkel, 3 [1.600] Long Steel #*ASTM AB00 Gr. C *ASTM A123 (AASHTO M111) =
a3 | 2 [Msshanicol Tubing (MT) Sx2x).1 43ag, L7513l #*ASTM AS00 Gr. C *ASTM A123 (AASHTO M111) -
Mechqmccl Tubing (MT 3x2x11 au e 78x51x3
atd | 2 ek Tibing M) 2 92y iE 1 *ASTM A500 Gr. C *ASTM A123 (AASHTO M111) .
Mechqmcal Tubing (MT) 4x2x14 ggu e 102x51><2
a5 2 [1,600] Long v(thh) thrde 7/§ [ 1 **ASTM AS00 Gr. C *ASTM A123 (AASHTO M111) =
* Component does not need to be galvanized for testing purposes.
** ASTM AS00 Gr. B may be used if material cert shows that the min. elongation, tensile strength, and yield strength meet ASTM A500 Gr. C.
(Min. elongation: 21%, Tensile strength: 62 ksi [427 MPa], Yield strength: 50 ksi [345 MPa])
. R [SHEET:
Cable Median Barrier 6 of 6

DATE:

Test Nos. CTPB—1-10 8/28/2017

CRAWN BY:

JEK/MES

CTPE_RS

[SCALE: None |REV. BY:
UNITS: in.[rmrm] | KAL/RKF/

Figurel2. Round1li Bill of Materials Test Nos. CTPEB® and CTPBLO
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4.2 Results

A summary of each bogie tes¢st nos. CTPA through CTPBLO, including sequential
and postest photographs, is provided in the following sections. The accelerometer data for each
test was processed in order to obtain acceleration, velocity, and deflection curves, as well as force
vs. deflection and energy vs. deffien curves.For consistency and comparison purposhks,
SLICE-2 unit data was used for analysigest resultdor all transducerare provided irAppendix
C.

4.2.1Test Na CTPB-1

Testno.CTPBL was conducted on t hen (&) dEaetrxa pos
weakening hole in the wealkis at thegroundline, as shown ifrigure13. The post was installed
in an 1in. x 1Zin. (279mm x 279mm) rigid steelsleeve and shimmeayht on the impact side
of the post. During testo. CTPB-1, the bogie impacted the post at a speed of trpi @1.7
km/h) and at a height of 27 in6&6 mm) with a 9@legree orientation angle, thus creating an
i mpact about the post 6 snpatttheoposyberd kacksvandeldled b e nd i |
through the holes, arttle backside fadeuckled inward athe groundline, as shown ifrigure13.
The bogie overrode the post at a maxiniefiectionof 36.0in. (914mm).

A

2
oY S N 1
. e -

o - “w

Pre Test S PostTes

Figurel3. PreTest and PostestPhotographsTest No.CTPB-1

Force vs. deflection and energy vs. deflection curves created fronSlitHeE-2
accelerometer data are showirigurel14. The maximum foce of 3.6 kips (16.0 kN) was observed
at a displacement of 2.0 in. (51 mm). The post provided an average resistive théded (7.1
kN) through 10 in. (254 mmdf deflectionand 1.4 kips (6.2 kN) through 15 in. (381 mmjf
deflection The energy alwsbed by the post wels.3kip-in. (1.8kJ) through 10n. (254 mm) of
deflection and 20.Kip-in. (2.3 kJ) through 15 in. (381 mm) of deflectiofhe post absorbed a
total of 38.0 kipin. (4.3 kJ) energy during the impatime-sequential photographs aileown in
Figurel5.
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CTPB-1

HSS 3x2x1/8 with One 2-in. Dia. Weakening Hole - Strong Axis - Rigid Sleeve
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Figurel4. Force vs. Deflection and Energy Beflection- SLICE-2, Test NoCTPB-1
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e
; "'\

MwRSF Bog|e 3 @)

=

i _,_l__ Al »

0.000 sec | ©0.120 sec

MwRSF = Bogie 3

eI

0.030 sec | 0.150 sec

.

MwRSF E Bogie 3

® i

. Bogle3

0}1060 sec A 6 f80 éec "

MwRSF Bogie 3
wEnEEEEYE

@w‘

e

0.090 s‘éc 0.210 sec

Figurel5. Sequential Photographs, Test Kl PB-1
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4.2.2Test No. CTPB-2

Testno.CTPB2 was conducted on t hen (268®8)dEakédrxa pos
weakening holes in the weakis at thegroundline, as shown ifrigurel6. The post was installed
in an 1%in. x 1%in. (279mm x 279mm) rigid sleeve and shimmédht on the impact side of the
post. During tesho. CTPB-2, the bogie impacted the post at a spefetd.6mph @1.5km/h) and
at a height of 27 in. (686 mm) with a-@@gree orientation angle, thus creating an impact about
t he post 6s st r onigpaatxhe postidnt backwagkideddhrougt theholes,
andthe backside fadeuckled irward athegroundline, as shown ifrigurel6. The bogie overrode
the post at a maximunteflectionof 30.8in. (782mm).

PreTest | PostTest

Figurel6. PreTest and PostestPhotographsTest No.CTPB-2

Force vs. deflection and energy vs. deflection curves created fronSltHeE-2
accelerometer data are showirigurel?7. The maximum force of 3.7 kips (16.5 kN) was observed
at a displacement of 1.6 in. (41 mm). The post provided an average resistive fordeiud (7.6
kN) through 10 in. (254 mmgf deflection and 1.6 kips (7.1 kN) through 15 in. (381 mmof
deflection The energy absorbed by the post W@ kip-in. (1.9kJ) through 10n. (254 mm) of
deflection and 23.&ip-in. (2.7 kJ) through 15 in. (381 mm) of deflectiohhe post absorbed a
total of 409 kip-in. (4.6 kJ) energy during the impatime-sequential photographs are shown in
Figurel8.
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CTPB-2

HSS 3x2x1/8 with Two 1-in. Dia. Weakening Holes - Strong Axis - Rigid Sleeve
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Figurel7. Force vs. Deflection and Energy ®eflection- SLICE-2, Test No.CTPB-2
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Figurel8. Sequential Photographs, Test \ld.PB-2
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4.2.3Test No. CTPB3

Testno.CTPBB was conducted on t hen (H-&8)dEameex a pos
weakening hole in the weak axis at the grolimgl as shown irfFigure19. The post was installed
in an 1%in. x 1%in. (279mm x 279mm) rigid sleeve and shimmédht on the impact side of the
post. During tesho. CTPB-3, the bogie impacted the post at a speed of &R @1.7 km/h) and
a height of 27 in. (686 mm) with adkgree orientation angle, thus creating an impact about the
post 6s weak ax ingpactthe pbdtent hackwagrd anditpad the grand lineon
the impaotd weakaxis sideandboth strongaxis sidesas shown irFigure 19. The norimpact
sidedid nottear.The bogie overrode the post at a maxindefiectionof 36.7in. (932mm).

I R L T

ol "‘&.AJ-;E 3

PreTest PostTest

Figurel9. PreTest and PostestPhotographsTest No.CTPB-3

Force vs. deflection and energy vs. deflection curves created fronSItHeE-2
accelerometer data are shoin Figure20. The maximum force of 3.8 kips (16.9 kN) was observed
at a displacement of 1.9 in. (48 mm). The post provided an average resistive fofdeud 5.3
kN) through 10 in. (254 mmdf deflectionand 1.0 kips @.4 kN) through 15 in. (381 mmjf
deflection The energy absorbed by the post watkip-in. (1.4 kJ) through 10n. (254 mm) of
deflection and 14.%ip-in. (1.7 kJ) through 15 in. (381 mm) afeflection.The post absorbed a
total of 15.5 kipin. (1.8 kJ) energy during the impa€ime-sequential photographs are shown in
Figure2l.
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Figure20. Force vs. Deflection and Energy Beflection- SLICE-2, Test NoCTPB-3
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Figure2l. Sequential Photographs, Test \Gd.PB-3
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4.2.4Test No. CTPB4

Testno.CTPBI was conducted on t hen (268®8)dakelex a pos
weakening holes in the weak axis at the grdumeg] as shown irFigure22. The post was installed
in an 1%in. x 1%in. (279mm x 279mm) rigid sleeve and shimmédht on the impact side of the
post. During tesho. CTPB-4, the bogie impacted the post at a speed of 2@A 32.3 km/h) and
a height of 27 in. (686 mm) with adkgree orientation angle, thus creating an impact about the
post 6s weak ax ingpactthe pbdtent hackwagrd anditpad the grand lineon
the impactd weakaxis sideandboth stroneaxis sides, as showsfigure22. The noAimpact side
did nottear.The bogie overrode the post at a maxindefectionof 29.2in. (742mm).

e

 PreTest

PostTest

Figure22. PreTest and PostestPhotographsTest No.CTPB-4

Force vs. deflection and energy vs. deflection curves created fronSltHeE-2
accelerometer data are showirigure23. The maximum force of 3.8 kips (16.9 kN) was observed
at a displacement of 1.8 in. (46 mm). The post provided an average resistive foiceud 4.9
kN) through 10 in. (254 mm)f deflectionand 0.8 kips 3.6 kN) through 15 in. (381 mmjf
deflection The energy absorbed by the post w89 kip-in. (1.2kJ) through 10n. (254 mm) of
deflection and 11.Kip-in. (1.3 kJ) through 15 in. (381 mm) afeflection.The post absorbed a
total of 12.1 kipin. (1.4 kJ) energy during the impa€ime-sequential photographs are shown in
Figure24.
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Figure23. Force vs. Deflection and Energy Beflection- SLICE-2, Test NoCTPB-4
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Figure24. Sequential Photographs, Test \GI.PB-4
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4.2.5Test No. CTPB5

Test no. CTPES was conducted on the MT 3x2x@jaugepost with one 2n. (51-mm)
diameter weakening hole in the weak axis agtteeindline, as shown ifrigure25. The post was
installed in an 14n. x 1%in. (279mm x 279mm) rigid sleeve and shimmeéight on the impact
side of the post. During test. CTPB-5, the bogie impacted the post at a gbe£20.8mph @3.5
km/h) and at a height of 27 in. (686 mm) with ad¥yjree orientation angle, thus creating an
i mpact about the post 6 snpatttheoposyberd kacksvandeldled b e n d i |
through the holesnd the bactideface bucklednwardatthegroundline, as shown ifrigure25.
The bogie overrode the post at a maximdefiectionof 36.6in. (930mm).

3¢

Y

PreTest ‘  PostTest

Figure25. PreTest and PostestPhotographsTest No.CTPB-5

Force vs. deflection and energy vs. deflection curves created fronSItHeE-2
accelerometer data are showirigure26. The maximum force of 4.3 kips (19.1 kN) was observed
at a displacement of 2.2 in. (56 mm). The post provided an average resistive fhédeus (7.1
kN) through 10 in. (254 mm)f defledion and 1.4 kips (6.2 kN) through 15 in. (381 mmjf
deflection The energy absorbed by the post Wésl kip-in. (1.8kJ) through 10n. (254 mm) of
deflection and 21.&ip-in. (2.4 kJ) through 15 in. (381 mm) of deflectiohhe post absorbed a
total of 36.9 kipin. (4.2 kJ) energy during the impatime-sequential photographs are shown in
Figure27.
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Figure26. Force vs. Deflection and Energy Beflection- SLICE-2, Test No.CTPB-5

6T-08E-€0dYION Hoday 4SYMN

6r0Z ‘2z Iudy



April 22, 2019
MwRSF Report NoTRP-03-380-19

0.090 sec 0.210 sec

Figure27. Sequential Photographs, Test KiI.PB-5
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4.2.6Test No. CTPB6

Test no. CTPBS was conducted on the MT 3x2xffhugepost with one 2n. (51-mm)
diameter weakening hole in the weak axis agttoeindline, as shown ifrigure28. The post was
instdled in an 11in. x 1%in. (279mm x 279mm) rigid sleeve and shimmeight on the impact
side of the post. During tesb. CTPB-6, the bogie impacted the post at a speed of 2l 33.8
km/h) and at a height of 27 in. (686 mm) with-déjjree orientatimangle, thus creating an impact
about the post 6s wimpakt the padent lmdkwabdemd doed thg groundp o n
line on the impaed weakaxis sideandboth strongaxis sides, as shown Kigure28. The non
impact sidedid nottear. The bogie overrode the post at a maximdefiectionof 34.7in. (881
mm).

PostTest

Figure28. PreTestand PosilTestPhotographsTest No.CTPB-6

Force vs. deflection and energy vs. deflection curves created fronSltHeE-2
accelerometer data are showirigure29. The maximum fece of 4.2 kips (18.7 kN) was observed
at a displacement of 2.2 in. (56 mm). The post provided an average resistive foddeud 6.2
kN) through 10 in. (254 mmgf deflectionand 1.1 kips (4.9 kN) through 15 in. (381 mmof
deflection The energy alusbed by the post wak3.8kip-in. (1.6 kJ) through 10n. (254 mm) of
deflection and 17.&ip-in. (1.9 kJ) through 15 in. (381 mm) of deflectiohhe post absorbed a
total of 20.2 kipin. (2.3 kJ) energy during the impatime-sequential photographs aieown in
Figure30.
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Figure29. Force vs. Deflection and Energy \Beflection- SLICE-2, Test NoCTPB-6
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0.000 sec

0.060 sec

0.090 sec

Figure30. Sequential Photographs, Test KiI.PB-6
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