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1 INTRODUCTION

1.1 Background

A threecable, lowtension end terminal system, shown Figure 1a, was previously
developed and successfully tested at the Midwest Roadside Safety Fatiitcprding to le
safety performance criteria specified in the National Cooperative Highway Research Program
(NCHRP) Report No. 3502]. The lowtension end terminal system was modified to add a
fourth cableasshown inFigure 1b, during the development of a fecable, hightension cable
median barrier3-14]. However, the higfiension end terminal was never subjected tedcdile
crash testing according the safety performance criteria specified in NCHRP Report No. 350 or

the currenManual for Assessing Safety Hardw&kASH) [15].

(a) 3cable, lowtension T (b) 4cable, hightension

Figurel. Cable End Terminal Systems
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As part of previous research into a fmable, hightension, end terminal, dynamic
bogie test, test no. HTCI, was conducted on the higgnsion end terminal system at a velocity
of 44.9 mph (72.3 km/h) and at an angle of éymeswhich is endon to the systemlf.
Several things were noted from this testing:

() All four cablesreleasedy 18 ms aftermpact;

(2) The notched cable plate, which held the cables in place, sustained permanent

deformation;

(3) The cables wrapped around the cable release lever and pulled it downstream; and

(4) When the cables were tensioned, the clearance between the cable anchorage fittings

was limited.

Prior testing with the lowension end terminal showed the cables releasedapmately
8 ms after impadtl]. While the 18 ms release times seen in test no. HT@id not produce an
undesirable behavior, a quicker release time, similar to the 8 ms seen in {temdmm cable
end termmal tests, was desired.

Prior testing also demonstrated that the cable release lever could potentially become a
tripping hazard for the vehicle when it is pulled downstrégrthe cables andhay cause vehicle
instabilities [L]. Therefore, it was important that the cables did not wrapralthe release lever
and that the lever was retained the cable anchor bracketan endon or angled impact on the
upstream end terminal

Accordi ng t Standal Spefic&@ions for Structural Supports for Highway
Signs, Luminaires, and Traffic Signalsybstantial remains of breakaway supports shall not
project more than 4 i(102 mm)above groundline, so that a car can easily traverse above any
remaining stub[17]. MASH does not have any requirements for the stub height of fixed

supports. While the cable anchor bracket assembly is not technically a breakaway support, the
2
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fixed anchor portion of the assembly could potentially cause vehndthilities due to
undercarriage snag or wheel override if the anchor stub is too high. Therefore, the height of the
bracket was reduced to 4 in. (102 mm) to conform to the AASHTO specification.

Eliminating permanent deformatignin the anchor bracket amelease leveandadding
more clearance around thabde anchorage fittingserealsodesired. So, the cable end terminal
was redesigned in a prior projeend finite element analysis demonstrated that the new end
terminal design met the desired gddl§]. This cable anchor bracket concept is showRigure

2.

Figure2. ReDesigned Cable Anchor Bracket

Two bogie tests were conducted on the redesigned eablgéerminal 18]. In test no.

HTCT-2, a 1,961b (890-kg) bogie vehicle impacted a $82Y%xin. (17.7m) long end terminal
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system at a speed of 52.8 mph (85.0 km/h) and at an angle of O degrees, whiebngcetite
terminal at the centerline of the anchor bracket. The cable release lever was retained with the
rotational joint, and three of the four cables released by 18 ms. However, the second cable did
not release from the cable anchor bracket as desired. Minor permaf@mation was found in
the cable release lever.

In test no. HTCT3, an 1,853b (841-kg) bogie vehicle impacted a B82Y+in. (17.7m)
long end terminal system at a speed of 51.1 mph (82.2 km/h) and at an angle of 25 degrees at the
centerline of the amor bracket 18]. All cables released from the cable anchor bracket and the
cable release lever was retained. However, the cable release times were later than desired and
likely contributed to the bogie vehicle becoming airleoemd subsequently rolling. Significant
permanent deformation was found in the cable release lever.
1.2 Objectives

The objective of this research was to provide further recommendations to enhance the
cable release and performance of the-pmprietary, higktension, cable end terminal when
impacted on the end and in-B&gree reverse direction impacts.
1.3 Scope

Modificationswere recommended to the previous cable end terminal dbaggd on
resultsof test nos. HTCI2 and HTCTF3. The proposed designas evaluate using LSDYNA
nortlinear, finite element analysisoftware. A summary,ecommendationsand conclusions

were provided



April 29, 2016
MwRSF Report NoTRP-03-33216

2 DESIGN MODIFICATIONS

After reviewing the cableend terminalevaluated in test nos. HTEX and HTCT3,

seveal components were idengfl for potential modifications, including:

1)

2)

3)

4)

5)

6)

7)

8)

9)

Reducingcable anchoplatethicknessf r o m (&5.9imm)to %2 in.(12.7 mm)to
eliminate excessive mater;al

Combinebase plate and rear plabe cable anchobracketto form one pieceand
simplify fabrication

Change weld thickness/strength needed

Eliminate the two bolts that form the rotation point for the cable release lever and
create asingle rotation bar welded to the bottom of the kicker platprevent the

kick plate from permanently deforming

Redesign pstno. 2 cable hanger bracket redesignaccommodate height ranges for
various barrier placements including slapes

Relocate anchor bracketgusset andslot locations for symmetryto present
interferencewith cable release leveduring cable instétion and releaseand to
prevent anhor rod interferenceith anchor bolts

Reduce heighof cable anchor bracket by %2 il2.7 mm) to be under-i. (102

mm) total height and edesign slot andvasher size as neededo enhance cable
release

Redesignthe release levekick plate, including orientation, rotation height, length,
location relative to cable slots, supporting shelves, and coped corners, to enhance
cable release

Change achor rod locations to be symmetric and fit with the current concrete

foundation and
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10)Minimize number of parts and welding

The fourcable high tension (from test no. HTE), and the redesigned feaable high
tension (from test nos. HTCI and HTCT3) systems were compared to the thrable, low
tension cable end termindlhe angle of the kick plate rotation poimés important to releasing
the cablesAn elevation view of the cable anchor bratskand release levers from the thoadble
low tension, fourcable hidp tension and the redesignefur-cable high tensiorsystens are
shown inFigure 3. The rotation path of the cable release lever is showfigare 4 with the
center of the initial rotation point and the circular path that th& fsbthe kick plate may follow.
The direction of force applied by the cable release lever to the calnhesked with an in arrow
in Figure4.

In the threecable, lowtension cable end terminal, the back of kiek plate and rotation
point is higher than the front of the kick plate that is in contadt #ie cable ends, and the
direction of the force applied to the cable ends facilitates cable releathe fourcable high
tension cable end terminal, the toda point was at the same height as the front of the kick plate,
which did not optimize the direction of the force to release the cable ends. When a fixed rotation
bar wa added to the bottom of the back of #iek plate in the redesigned feuable, hid
tension cable end terminal, the rotation poinswaver than the front dhe kick plate that wa
in contact with the cable ends, and the direction of the fqupkeal to the cable ends impeded
cable releasaVith the rotation bar on the bottom of tkiek plate and the-. (102mm) height
limitation, it was not possible to achieve the same kick plate angle and optimized cable release
that was in the threeable, lowtension cable end termindBoth of the fouscable cable end
terminals exhibited prdbms releasing the cables rapidly upon impact, whereas the three cable
end terminal did not. The rotation point location in relation to the kick plate was believed to

inhibit the cable release in both the faable end terminal3.herefore, the cable anmhbracket
6
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was to be modified to bgimilar to the threegable, lowtension cable anchor brackatd cable

release lever rotation

]
©

3-Cable Low Tension 4-Cable High Tension Redesigned-€able High Tension
Figure3. Comparison o€able Anchor Brackets Elevation View

[ =

=1

IN

a2

3-Cable Low Tension 4-Cable High Tension Redesigned-€able High Tension

Figure4. Rotation Point for Cable Anchor Bracket Kick Plates

Several of the potential design modifications wenplemented as well as changing the
cable release levdéunction. The new concept for the cable anchor bracket is shotigune5.
The overall height of the cable anchor bracket was reduced. The cable releassnte cable

anctor bracket werenodified toprovide similar rotation and rapid cable releas¢has3cable,
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low-tension bracket. The base plate viesntto eliminate welds. The number of anchumlts

were reducedrom eight to seveandspacedsymmetri@lly alongthe pldae. Changing the anchor
bolt arrangement helpgatevent interference between the cable endstlaa threaded portion of

the anchobolt that is above ground@he angle of the slotted cable anchor plate was increased to
be more perpendicular to the cablerteination angle. Theepth of the cable anchor slots was
decreasednd the platevashers were reduced in site promote quick cable release. Plate
thicknesses and weld sizes were adjusted as needed to meet strength requifathdetails of
themodified cable anchor bracket are shown in Figu#srough20.

During the development of thecéble, hightension cable median barrier systeeveral
modifications have been made that affect the end terminal system. The design cable tension was
decreased from 4,213 1d8.7 kN) to 2,500 Ib (11.1 kN) per cable 30 degrees Fahrenheit
[10]. The cable heights have albeen changed, and the current design has cable heights at 15%
in. (394 mm), 23 in. (584 mm), 30% in. (775 mm), and 3§965 mm) above the groundline.

The median system previously had S3x5.7 line posts and now has Midwest Weak Posts (MWPSs)
[9-10]. It was desired that the end terminal posts 3 through the end of the end terminal system
maintain the posts, connections, and other hardware consistent with thedengéd system to

minimize the numbeof unique parts required.
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Figure5. New Concept for Cable Anchor Bracket
9
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3 TEST REQUIREMENTS AND EVALUATION CRITERIA

3.1 Test Requirements

Terminals and crash cushions, including calrid grminas, must satisfy impact safety
standardsgn order to bedeclared eligible for federal reimbursement thg Federal Highway
Administration (FHWA) for use orthe National Highway System (NHS}or new hardware,
these safety standards consist of the guidelines and procedures published in WB\SH [
According to Tl-3 of MASH, end terminalsnust be subjecteup to ninefull-scale vehicle crash
tests as summarized ifiable 1. Test no. 336 is not required as it is designed to examine the
behavior of terminals and redirective crash cushions when attached to rigedsbariother very

stiff features, which does not occur in the cable median barrier.

Tablel. MASH TL-3 Crash Test Conditiorfer Terminals and Crash Cushions

Test Vehicle Impact Conditions .
Test . ) Test . Evaluation
Article | Designation| o Lo | Weight, Speed, Angle, Criteria®
No. Ib (kg) mph (km/h) deg.
2,425 62
3-30 1100C (1.100) (100) 0 C,D,F,H,I,N
5,000 62
331 2270P (2.270) (100) 0 C,D,F,H,,N
2,425 62
3-32 1100C (1,100) (100) 5/15 C,D,F.H,I,N
5,000 62
3-33 2270P ’ 5/15 C,D,F.H,I,N
Terminals (2,270) (100)
and Crash| 334 | 1100Cc| 2420 62 15 | C.D,EH.IN
Cushions (2(1)88) (16020)
3-35 2270P (2.270) (100) 25 A,D,F H,I
5,000 62
3-36 2270P (2.270) (100) 25 A,D,F H,I
2 5,000 62
3-37 2270P (2.270) (100) 25 C,D,F,H,IN
3,300 62
3-38 1500A (1.500) (100) 0 C,D,F,H,IN

! Evaluation criteria explained ifable2.
2 In MASH 2016, test 37 will be test 37a and 37b conducted with 2270P and 1100C vehicles

20



April 29, 2016
MwRSF Report NoTRP-03-33216

3.2 Evaluation Criteria

Evaluationcriteria for fullscale vehicle crash testing are based on three appraisal areas:
(1) structural adequacy; (2) occupant risk; and (3) vehicle trajectory after colliberia for
structural adequacy are intended to evaluate the ability @rtiéernmal to contain and redirect
impacting vehiclesIn addition, controlled lateral deflection of the test article is acceptable.
Occupant risk evaluates the degree of hazard to occupants in the impacting Pelsistapact
vehicle trajectory is a measuré the potential of the vehicle teesultin a secondary collision
with other vehiclesandbr fixed objectsthereby increasing the risk of injury to the occupaft
the impacting vehicle arar other vehiclesThese evaluation criteria asemmarizedn Table2
and defined in greater detail MASH. In lieu of conducting several fuficale crash tests to
evaluate the cable end terminal system, a computer simulation effort was conftisttesl

evaluate the potential performandelte redesigned end terminal

21



April 29, 2016
MwRSF Report NoTRP-03-33216

Table2. MASH Evaluation Criteria fof erminals and Crash Cushions

Structural
Adequacy

A.

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

Acceptable test article performance may be by redirec
controlled penetration, or controlled stopping of the Vehic

Occupant
Risk

Detached elements, fragments or other debris from the test :
should not penetrate or show potential for penetrating the occ
compartment, or present an undue hazard to other ftr
pedestrians, or personnel in a work zomeformations of, o
intrusions into, the occupant compartment should not exceed
set forth in Section 5.3 and Appendix ENASH.

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

Occupant Impact Velogit(OIV) (see Appendix A, Section A5.3
MASH for calculation procedure) should satisfy the follow
limits:

Occupant Impact Velocity Limits

Component

Preferred

Maximum

Longitudinal and Lateral

30 ft/s
(9.1m/s)

40 ft/s
(12.2 m/s)

The Occupant Ridedown Acceleration (®R(see Appendix A
Section A5.3 oMASH for calculation procedure) should satisfy f{
following limits:

Occupant Ridedown Acceleration Limits

Component Preferred Maximum

Longitudinal and Lateral 15. 0 ¢ 20. 49

Vehicle
Trajectory

Vehicle trajectory behind the test article is acceptable.
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4 COMPUTER SIMULATION

LS-DYNA finite element analysis software was employed to evaluate the performance of
the systemin a Gdegree andl5-degree impact on the end of the system and in-degbee
reversedirection impact near the end of the system, simildMASH test designation nos-3),

3-32, and 337.
4.1 Cable End Terminal Model

A 96-ft (29.3m) long 9post cable end terminal systenodel was createdas shown in
Figure16. Post nos. 1 and 9 consisted of the new cable anchor bracket presented in Chapter 2.
The brackets were anchored withid (19mm) diameter rigid steel bolts that were constrained
from maion in all directions. Because these bolts diot have any prstress, several nodes
around each bolt hole in the cable anchor bracket base plate were constrained from motion in all
directions.

Post nos. 2 and 8 wesdip baseposts spaced at 8 ft (2.4 mpin post nos. 1 and 9,
respectively. The slipbase post assemblies were previously developed by t8seandl
modified by Terpsmallp] to have 4 cables. The primary purpose of the post was to support
cables as they transitioned from the horizontal, guardrail section, down to the anchor bracket.
The cables rest in notches in the cable hanger bracket. Small bolts at the base of the post fracture
when impacted and allow the upper post structuredendjage. The lower post structure is rigid
and constrained from motion in all directions. Post components and a complete description of the
development of the model were detailed by Hidé].[ The slip basepost model is showm

Figurel?.
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o

Figurel6. Cable End Terminal System Model
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Figurel?. Post nos. 2 and 8

Post nos. 3 through 7 were MWPs spaced at 16 ft (4.9 m) apatMWP model was
devdoped by Bielenberg and provided an accurate prediction of the performance of the strong
and weakaxis behavior of the MWP9[. The MWP model is shown ifrigure 18 Energy
absorbed by the post in simatibns was nearly identical in the strong axis and slightly lower in
the weak axis when compared to component tests with the same impact conditions.-The full
scale crash teston the end terminal systeare weakaxis impacts (0O degrees) and impacts up to
25 degrees. Therefore, the weakis performance of the posts is most important for the end
terminal system. The overall energy absorption of the post is not as important as the bending and
yielding behavior that could lead to vehicle instabilities andtaegsive occupant risk values.

Since theinitial MWP model was developed,he wi dt h of the post i ncit
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mm) to 1% in. (44 mm). Component tests did not exist to compare the new poso rmodel
performance against. However, it is believed that new MWP model should still accurately

predict the po$t performance.

Figurel8. Post nos. 3 through 7

Since the MWP is a weak post that easily yields and displaces little soil upon impact, soil
was not modelled around tlegosts. Instead, the bottom tiwrds of the posts below
groundline were constrained from motion in all directions. This allows the post to displace

minimally and yield at groundline, which replicates real world performance.
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The cables we connected tpost nos. 3 through 7 with tabbed brackets that the lower
portion is bolted through the post and the upper tabbed portion fits into a keyway in the post. The
tabbed brackets have not been validated, but the tabbed brackets should have minimal effect on
the system performance in the &d 15degree impacts as their primary objective isn@ntain
cable height. In the 28egree reverse direction impact, the performance of the tabbed brackets
and whether they release the cables in the vertical or lateegtidils may be more important
than the engbn impactsHowever, the overall behavior can still be examined.

The wire rope model was developed by Stolle, etZd)], [and replicated many of the
characteristics of physical wirepe used in cable barrier systems very well, including tension,
momentbending,anddynamic bending wave propagatidrne cables werpre-stressed to 2,500
Ib (11.1kN) before the impact to simulate a 100 aéegfahrenheit day or 5,000 Ib (2®/) to
simulate a cold dayThe defaulttime step was decreased to minimize mass scaling in the small
elements in the cable anchor bracket.

4.2 Vehicle Models

4.2.1Bogie

The cable release mechanism was evaluated with a bogie vehicle model impacting at O
and 15degree impactsThe bogiehas a mass df,735 |Ib (787 kgand is constructed of rigid
tubes and tubes and tires, as showkigure 19. The impact head is constructed of & ein.
(219-mm) diameter rigid steel tube with a neoprene pad on the impact side and is mounted 19 in.

(483 mm) above the ground.
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Figure19. Bogie Vehicle Model

4.2.2Toyota Yaris

The end terminal system performance a0 evaluaté with the Toyota Yaris model
impacting at 25 degrees in the reverse direcfldre Yaris vehicle model is representative of the
1100C MASH test vehiclewith simulated passengerdhe Toyota Yaris was originally
developed and validated by the National @Grasalysis Center (NCAC)2[l] and later modified
by MWRSF.The Yarismodel has a mass 8f776 |b (1,259 kg), and is shownkigure20.

4.2.3Geo Metro

The end terminal system performance was also evdluaith the Geo Metro model
impacting at 25 degrees in the reverse direction. The Geo vehicle model is representative of the
820C NCHRP Report 350 test vehicle with a simulated passenger. The Geo Metro was originally
developed by NCAC, was improved upon aidained from Politecnico di Milano, Italy. This
model was later modified by MWRSF personnel for use in roadside safety applications. The Geo

model has a mass ©f984 Ib (900 kg), and is shownkigure21.
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Figure20. 1100C Yaris Vehicle Model

Figure21. 820C Geo Vehicle Model

4.3 Bogie Vehicle Impact Simulations
4.3.10-degree End Impact
The1,735lb (787-kg) bogie vehicle modempacted theend terminal witithe centerline

of the bogie aligned with theenterline of the cable release lewatra speed o45 mph (20.1
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mm/mg and at an angle & degreesSequential photographs are shownrFigures22 through

24. The cable release lever began rotating upon impact and all the cables were fully released
within 13 ms, and the bogie continued without a significant change in velocity. The cable release
lever experiencd minor permanent deformations during the initial impact with bogie impact
head and the cable anchor bracket components experienced no permanent deformation.
However the cable release lever was not constrained with a cable, as would beéxpeaeal

world installations, so the lever subsequently contacted the bottom of the bogie, was drug
downstream, and experienced significant deformation.

Due to the ease in which the cables released from the cable anchor bracket, significant
damage t@nactual vehicle wa not expected. This simulation was only intended to evaluate the
initial impactwith the cable anchor bracket and post nolf# end terminal line posts will need
to be evaluated in the future to ensure that the posts do not caude uetabilities or cause
excessive occupant compartment intrusion or penetration, such as floorboard penetration. There
was no indication that occupant impact velocities or occupant ridedown accelerations would

exceed the limits established in MASH
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Figure22. Sequential Phographs, Simulated Test No.38
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Figure24. Sequential Phographs, Simulated Test No-38
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4.3.215degree End Impact

The 1,738lb (787kg) bogie vehiclanodel impacted the centerline of the cable release
lever at a speed of 45 mph (20.1 mm/ms) and at an andgledsdgrees. Sequential photographs
are shown in Figure®5 through27. The cable release lever began rotating upon impact and all
the cabés were fully released within 16s, and the bogie continued without a significant change
in velocity. The bogie gatetiehind the system and did not contact post ndh2.cable release
lever experienapermanent deformations during the initial impact with bogie impact, lzeat
the cable anchor bracket components experienced no permanent deformation. Htwever
cable release lever was not constrained with a cable, as would be expected in real world
installations, so the lever subsequently contacted the bottom of the bogie, was drug downstream,
and experienced significant deformation.

Due to the ease in which the cablreleased from the cable anchor bracket, significant
damage to the vehicle is not expected. This simulation was only intended to evaluate the initial
impactwith the cable anchor brackdthere was no indication that occupant impact velocities or

occupanridedown accelerations would exceed the limits established in MASH.
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4.4 Vehicle Impact Simulations

4.4.125degree Reverse Impact

Thereverse direction impact utilizechd 100C small car instead of a 2270P pickup truck
as it was believed to be more critical to cause vehicle instability, occupant compartment
deformation and penetratioand increased occupant risk measures. Thesalations were
conducted using a MASH100C Toyota Yaris model as well as the NCHRP Report 350 820C
Geo Metro model due to some model instabilities that occurred with the Yaris. The impact point
selected fortte initial simulations was at the mgpan between post no. &ip bas¢ and post
no. 3 (the first MWP). The impact velocity was 62 mph (2n&/ms) and at an angle of 25
degrees in the reverse direction.

The sameend terminalsystemas the @degree and &degree end impacts was utilized
initially for the reverse direction impadEarly on in the event, the simulation with the 1100C
Yaris became unstabl&/hen modeled with the 820C Geo model, the simulation had an error
140 ms after the initial vehicle imapt. As shown ifrigure28 with the Geo model, the right front
corner of the car bameentrapped athe cables pulledown on the front of the car. Cable no. 1
went under the vehicle, cable no. 2 became embedded above the bamdpsable nos. 3 and 4
were on top of the hood. Both of the models with the 1100C and 820€evetodels exhibited
the right front of the car becoming entrappedidathis entrapmentlikely led to model
instabilities. This behaviowas not desired as itoald likely lead to excessive occupant risk
measures and occupant compartment deformations if the car does not redirect.

The system was then updated to reflect the changes made throughout the development of
the 4cable, hightension median barrier systefs mentioned previously, the cable heights and
spacingschanged during the period dhis project. Therefore, thee modifications were

implementedn the model to accommodate the new cable heights, as the cable heights were more
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likely to affect the resudt of the reverse directiormpactrather than the results of the eowl
impacts.The cable locations at post no. 2 were also modified so that the cables were evenly

distributed on both sides of the post, rather than being located solely on one sideost.th&is

post configuration is shown Figure29.

Figure28. Initial Simulation, Modified MASH Test Designatior3¥

Figure29. New Cable Configuration at Post No. 2
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Furthersimulations were conducted with the 1100C Yaris model impacting the modified
systemat the midspan between post nos. 2 ands3shown in Figure80 through32, the right
front of the car becomes entrapped by the cal8éertly after impact, cable nos. 1 and 2
traversed behind the top of the righant tire, cable no. 3 became embedded in the -frgimt
headlight area, and cable no. 4 wasamadf the hoodPost no. 2 released from thigp basebut
no cables released from the cable anchor bracket. The tevdehated90 ms after the initial
impact, likely due to the complex contacts in the Aigbht car with the cables becoming trapped
in the car.

Further simulations were conducted with the 820C Geo model impacting the modified
systemat the midspan between post nos. 2 and fairther investigate vehicle interactions the
terminal when impacted in the reverse directids shown in Figure83 through35, the right
front of the car beame entrapped by the cableShortly after impact, cable nos. 1 and 2
traversed behind the top tfe rightfront tire, and cable nos. 3 and 4 were on top of the hood.
Post no. 2 releadefrom theslip base and cable nos. 4, 2, andéeased at approximately 110
ms 155 ms, and 165 nadter impact from the cable anchor brack&tspite several of theables
releasing tension in the system, the rffbht of the car became entrapped, whihkely what
led to model instabilities. This behavior was not desired as it could likely lead to excessive
occupant risk measures and occupant compartment defonsaf the car does not redirect.
Further simulations were not conducted determine the CIP, as the impact point selected

appeared to be very critical.
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Figure30. Sequential PhotograpiSimulatedTestNo. 3-37, 1100C Yaris
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Figure31. Sequential Photograpisimulated Test No.-37, 1100C Yaris
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Figure32. Sequential RétographsSimulated Test No.-37, 1100C Yaris
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Figure33. Sequential Photographs, Simulatedtido. 337, 820C Geo
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Figure34. Sequential Photographs, Simulated Test N&7,3820C Geo
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Figure35. Sequential Photographs, Simulated Test N&7,3820C Geo
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4.5 Evaluation of Line Posts

Previous full-scale crash testing of the leension, threeable end terminal had
indicated a potential for vehicle instability due to impact with the weak axis of line posts
downstream of the terminal after the cables had been relfrasethe cable anchdiracket[1].

During test no. C33, the cable release mechanism performed as designed by releasing the
cables. However, after the vehicle engaged the S3x5.7 (S76x8.5) posts downstream of the
anchor, the front corner of the veld became elevated, resulting in vehicle rollovEne

solution to the instability caused by the vehicle interaction with the line posts was to replace the

first eight standard line posts with S3x5.7 (S76x8.5) posts with breakaway slip bases. Subsequent
full-scale crash testing islip basest no. C¥4 demonstrated that the use of the slip base post
reduced vehicle instability and allowed for acceptable safety performahcs, while the

S3x5.7 (S76x8.5and MWPpossaret ypi cal |y ter med pastsiiweabl&k 0 pos
end terminal systernave been shown edversely affect vehicle stability.

In order to investigate the potential for the MWP posts in the current terminal design to
cause similar instabilities, the researchers compared the section ipopertthe S3x5.7
(S76x8.5) post, theost recent version of tidWP postwith the 134in. (44.5mm) wide flange
and modified versions of the MWP post. The modified versions of the MWP post consisted of
the placement of 3. (19.2-mm) diameter and 3. (9.5mm) diameter holes in both of the
webs of the post at groundline to weaken the sectionstemelard andhodified MWP posts are
shown inFigure36.

Comparison of the section properties of the three MWP post versions aS@xber
(S76x8.5) post is shown ihable 3. Examination of the post section properties led to several
conclusions. First, while the MWP post was designed to have ktveergaxis (lateral)strength

and similar wek-axis (longitudinal) strength to the S3x5.7 (S76x8.5), modifications to the
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design such as increasing the flange width resulted in awatista 43 percent reduction in
strongaxis section modulus, but a 14.9 percent increase in weak axis section madchtus.
indicated that the potential for the MWP post to induce vehicle instability may be equal to or
greater than the S3x5.7 (S76x8.5) post previously evaluated with theerswn, threeable

end terminal. The modified MWP posts with holes in the welided for some improvement in

the weakaxis capacity of the post while maintaining most of the lateral capacity of the post
section. The addition of the-#. (19.05mm) diameter and 3/B. (9.5mm) diameter holes to

the MWP post resulted in a reductionstrongaxis section modulus of 45.7 and 49.7 percent,
respectively, as compared to the S3x5.7 (S76x8.5) post. This would correspond to a reduction in
strongaxis section modulus of 4.7 and 11.7, respectively, as compared to the standard MWP
post. Weakaxis capacity of the modified MWP posts was reduced more drastically. The weak
axis section modulus of the MWP post withi¥s (19.2mm) diameter and 3/B1. (9.5mm)
diameter holes were reduced 2.5 and 23.26 percent, respectively, as compared to the S3x5.7
(S76x8.5) post.

Based on this comparison of the various post section properties further investigation of
the dynamic impact performance of the posts was done iDYISA to determine if similar
reductions could be expected during a vehicle impact. Theilations would provide
performance comparisons of the standard and modified MWP post sections with to the S3x5.7
(S76x8.5) post used in the original cable end terminal design. A post design with similar strong
axis strength to the MWP post used in the enircable median barrier design and reduced weak

axis strength to reduce potential vehicle instability were desired.
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c) MWP Post with 3/4n. diameter holes

Figure36. Standard and Modified MWP Posts

49



0S

Table3. Post Section Properties

Width

Depth

Thickness

%

%

X S y S . .
Post Type in) | (in) (n) | (nd | (nY | @3 | @ | nd | redueten red‘;"“on
S3x5.7 Post 2.33 3.00 Varies 1.67 252 1.68 0.45 0.39 - -

MWP Post 7.gauge | 4 75 | 300 0.18 126 | 1.44 | 096 | 039 | 045 | 43.04 | -14.88
No Hole

MWP Post- 7 gauge

P POSE T 93U0€ 1175 | 3.00 0.18 113 | 1.37 | 091 | 033 | 038 | 4570 | 245

MWP Post 7.gauge | 4 -5 | 300 0.18 099 | 127 | 085 | 026 | 030 | 4968 | 23.26

With One3/4-in. Hole

X = strong/lateral axis
y = weak/longitudinal axis

9TZEE-E0dHION Hoday 4SHMA
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4.5.1Simulation of Dynamic Post Performance

Finite element models were developed for all four of the post sections described in the
previous section. A model of tI88x5.7 (S768.5) post was deueped using solid elements with
Type 2 element formulation. Type 2 solid elements were used because initial models with shell
elements were not able to correctly capture the post behavior due to the varying thickness and
crosssection oft he fAS0O section post. Model s of the M
created using Type 2 shell elements. The material for the S3x5.7 (S76x8.5) was specified as an
ASTM A992 steel, while the MWP posts were modeled wittA&TM A1011 Grade 50steel.

All models used thBIAT_PIECEWISE_LINEAR_PLASTICITYmaterial model in LDYNA.
All four of the simulated posts are showrFigure37.

A simulation model of the standard MWP post had previously been compared with
dynamic componentesting during its developmen®][ and was found to provide good
correlation with physical testing. Similar comparisons were made with the S3x5.7 (S76x8.5) post
and available test data. No data was available at the time aokfgarch for comparison of the
weakaxis behavior of the model. However, comparison of the force and energy versus
deflection data taken from previous streags testing of S3x5.7 (S76x8.5) posts, as shown
Figure 38, found that the model of the S3x5.7 (S76x8.5) post correlated well with the physical
test. Because both the standard MWP and S3x5.7 (S76x8.5) post models correlated well with
previous physical tests, it was believed that they could be used to investigate thaxiweak
performance of the posts.

To evaluate and compare the dynamic performance of the post sections, simple impact
models were madasing a cylindrical impachead mounted at a aid. (686mm) height, as
shown inFigure 39. The immct head heightmass,and geometry corresponded with the bogie

testing setup typically used at MWRSF for the evaluation of cable barrier pbetbass of the
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posts were installed in rigid sleess@ the model to constrain their motion during impadt. of
the posts were impacted at a speed of 20 mph (B94ns).

The results from the cable terminal post simulation modeds shown in sequential
images inFigures40 through47. Comparison of the force versus deflection for the stramgl
weakaxis impact simulations is shown iaigures 48 and 50, respectively Energy versus
deflection for the strongand weakaxis impact simulations is shown Figures49 and 51,
respectively Finally, thetabulated results for the average forces at various defledtimmsthe
simulations of the four post types in the strong and veeddk are shown iffable4.

Review of the simulation results found the standard and modified MWP posts provided
reductions in both the strong and wealis capacities of the post that corresponded well with the
reductions anticipated from the comparison of the post segtioperties. The strorgxis
simulations found that all four post sections hinged at the groundiitethe presence of the
holes in the webs of two of the post sections did not change the hinging of th&hm&3x5.7
post demonstrated roughly twiceetliorce and energy levels displayed by the standard and
modified MWP posts. The strong axis of the modifi@d/P posts with holes didisplay slightly
lower strongaxis forces and energies as compared to the standard MWP post, but the reductions
were minor.This would suggest that incorporation of the holes in the web of the MWP post
would have minimal effect on the lateral stiffness of the cable median barrier.

Comparisos were also made regarding the weadis post simulations. Similar to the
strongaxis simulations, all four post sections hinged about the groundline as expected, and the
presence of the holes in the webs of two of the post sections did not change the hinging of the
post. The standard MWP post exhibited average forces and energies thalywesteghtly lower
than the S3x5.7 (S76x8.5) post. Incorporation of ther8/8.5mm) diameter holes in the web

of the MWP post only moderately reduced the waxsis average force and energy levels as
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compared to the S3x5.7 (S76x8.5) post and thedatdnMWP post The addition of 3/4n.
(19.2mm) diameter holes provided a more significant drop with average forces dropping
approximately 20 to 25 perceletvels as compared to the S3x5.7 (S76x8.5) post and the standard
MWP post Thus, it appeared thaté modified MWP with 3/4in. (19.Emm) diameter holem

the web may provide the &ecombination of maintaining lateral strength similar to the

standard MWP post while reducing the weeds capacity to improve vehicle stability.
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a) S3x5.7 b) Standard MWP

c) MWP with 3/8in. Hole  d) MWP with 3/4in. Hole

Figure37. Cable End Terminal Post Models
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Force vs. Deflection
LS-DYNA Model of $3x5.7_v2 (solids) - Strong Axis
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Energy vs. Deflection
LS-DYNA Model of S3x5.7_v2 (solids) - Strong Axis
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Figure38. Comparisn of S3x5.7 Post witlbynamic Test Data
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Figure39. Cable End Terminal Posts, Typical Dynamic Impact Model Configuration
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Figure40. Sequential Images, S3x5.7 StreAgis Post Impact Simulation
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Figure4l Sequential Images, S3x5.7 Weakis Post Impact Simulation
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Figure42. Sequential Images, MWP StreAgis Post Inpact Simulation
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