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EXECUTIVE SUMMARY

Often, road construction causes the need to create a work zone. In these scenarios, portable
concrete barriersPCB9 are typically installed to shield workers and equipment from errant
vehicles as well as prevent motorists from striking other roadside hazards. For an exiseaghW
guardrail system installed adjacent to the roadway and near the work zone, guartivas see
removed in order to place tH&CB system. The focus of this research study wasveduate a
previouslydevelopediransition between Weam guardrail an®CB to Manual for Assessing
Safety HardwargMASH) Test Level 3 (TE3). A previous phase ofhis researclprogram
included thedevelopnent ofa guardrail and frestanding PCB transitionsing extensive LS
DYNA simulation as well asrefinement of potential conceptsConcept refinement led to a
transition system comprised of a tangent, nestdddwest Guardrail System (MGShat
overlapped an adjacent, flared PCB systemDYSNA simulation was also used to identify critical
impact points fouse infull-scalevehiclecrash testing.

Three fullscale vehicle crash tests were conducted accordingetMASH TL-3 safety
performance criteria onMGSto PCBtransition.These tests evaluated structural integrity, vehicle
snag, vehicle instability, and vehicle captuf@e transition systerthat was used itest nos.
MGSPCRB1 through MGSPCH consisted of a standard MGS that overlapped a serieshae
PCBsegments that approached the MGS at 1\ flare. In the overlapped portion of the barrier
systems, uniqueldesigned blockouholdersand a specidded W-beam end shoe mounting
bracket were used to connect the systems.

Test no. MGSPCH, which followedVIASH test designation no-3l criteria, involveda
5,0791b (2,304kg) pickup truckmpactingthe barrier at 63.2 mph (101.8 km/h) and 25.3 eleg
The barriercaptured and redirected the7PP vehicle and the vehicle decelerations were within
the recommended occuparisk limits. Test no. MGSPCR, which followed MASH test
designatiomo. 3-20 criteria involveda 2,601lb (1,18C8kg) carimpactingthe barrier at 65.1 mph
(104.8 km/h) and 24.0 dezes The barrier captured and redirected the 1100C velaok the
vehicle decelerations were within the recommended occupant risk limits. Test no. M&SRGEB
another MASH test designation ne23 testwith a reversalirectionimpact. A 5,177b (2,348
kg) pickup truck impacted the barrier at 63.1 mph (101.5 km/h) and 24r6edefhe barrier
captured and redirected the 2P7@ehicle and the vehicle decelerations were within the
recommended occupanskilimits.

Based on the results of these successful crash tests, it is believed that the transition design
detailed herein represents the first MASH-3Jlcrashworthytransition between the MGS and
PCBs.
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1INTRODUCTION

1.1 Background

Work zones often require the usepoftableconcrete barrierdCB9 within a limited area
to provide protection for construction workers. In situations where an existing guardrail is
immediately adjacent to the construction hazards that need to be shielded, highway designers must
either connect the guardrail to the temgygy barrier or replace it witiPCB. Although
interconnecting the two barrier systems represents the more convenient option, at present no
suitable solutions have been made available. While a transition from guardrail to temporary
barriers may not need tie nearly as stiff as a conventional approach transitions, it must provide
sufficient stiffness and strength to prevent pocketing as well as to shield the end of the concrete
barrier to prevent serious wheel snag. In addition, considerations must beomeaitiechment of
the guardrail to the PCBs

Nebraska Department of Roads (NDGIRY the Smart Workone Deployment Initiative
(SWzDI) havepreviously funded a project ttevelop a guardrail to PCB transition desigpable
of meetingthe Manual for Assessing Safety HardwgMASH) [1] Test Level 3 (TL3) safety
requirements This research effort resulted in the development of a flared PCiudodrdl
transition thattilized a tangennestedMidwest Guardrail SystenMGS) that overlapped series
of F-shape PCB segmentmstalledat a 1%1:1V flare. Both the MGS and the-8hape PCB had
previously been evaluated to MASH -BL[2-6]. During that research, computer simulation
indicated a high likelihood that the proposed transition would meet MASH dihd determined
critical impact points fouse infull-scale crash tésg. In order b implement the proposed design
the transitiondetailsmust be fully developedabricated and then subjected to fedcale crash
testingaccordingo theMASH TL-3 safety requirements.

The new transition would eliminate the use of unprogonnectiosbetween guardrail and
PCBs Further, limiting the use ¢fCBsstrictly to the work zone area will also minimize the traffic
disruption that these barriers can create to motorists passing in work zones.

1.2 Objective/Scope

The objectiveof this researclstudywas to evaluate theafety performance ¢he MGS to
PCBtransition.The system was to be evaluatttording to the Ti3 criteria of MASH. Two
full-scale crash testwereconducted according to MASH test designation3ial, and one ful
scale crash test was conducted according to MASH test designatioi2dd&aobtained from
these crash testwasanalyzed, and theesultswere utilized to guide the project conclusions and
recommendationsAdditionally, implementation gdance for the newransition system was
provided.
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2 REFINEMENT OF TRANSITION CONCEPT

The Phase | research effégtl toa basic design layout for the transitisystembased on
extensive LSDYNA simulatiors. This simulation effort provide general system behavior
geometryfor the transition desig but other desigdetailswere still needed prior to fulkcale
crash testing. Theseeddncludedfinal design of the connection hardware between the guardrail
and the PCB and specification of the foundasgatem to suppothe PCBs This chapter will
review the preferreddesign concept and assumptions identified Phase | andliscussthe
development offte connection hardware and foundation specification.

2.1 Phase IPreferred Transition Concept with Considerations

The Phase | research effort led to the development of a transition system comprised of a
tangent, nesteMGS that overlapped aadjacent, flaredPCB system, as shown kigurel. This
schematic shows the configuration for &S to PCB transition based on the initial computer
simulation analysidt was foundhat:

1. The transiion should consist of at leagdB7.5ft (41.92m) long MGS and an eleven
segment PCB systeimstalledat a 15H:1V flare A minimum of eight PCBs should be
placed downstrearfrom the point where thtGS attaches to the PCB%he portable
barriersare12.5ft (3.81-m) long, F-shapePCBs thosepreviously developed through the
Midwest States Pooled Fund Progrash The simulation analysis found that these system
lengths were appropriate for development of both the guardrail and PCB sySstroter
systemlengthswere desiredor either barrietype, further full-scale crash testingould
be required

2. The transition required aimimum of three PCB segments extending behind the nested
MGS at the 181:1V flare. Thisfinding pertained tguardrailattachmenon the upstream
end of the fourth PCB segmie Additional length of flared PCBs behind the MGS would
not be an issue as the potential for vehicle and barrier interaction with the PCBs is
maximized for the minimum overlap condition. Additional flared PCBs behind the MGS
is likely given that field istallations will not match up exactly with the minimum guardrail
to-PCB overlap.

3. Installation of standard MGS posts and blockouts was not recommended within the first
two sections of guardrailpstreamfrom the W-beam end shoe connection as the PCB
would interfere with installation of those posts and prevent proper post rotation.
Connection between the guardrail and the PCB on the first two PCB segmstresam
from the end showas accomplished with specialiiesigned blockoutolders,which are
discussedhater in this clapter.

4. A minimum of five 12ft 6-in. (3,810mm) long,nested/N-beam sectionsustbe utilized
upstream from the erghoeconnection to the PCBs. For the minimum PCB overlap noted
above, this corresponds to one complete -12(3.81-m) long section of nested rail
upstream from the end of the PCBs.
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The system tested herein was developed based on these dasignptions Further
recommendations on system implementation are provided following the results of theafell
crash testing and evaluation of therriersystem

2.2 PCB Foundation

In the past, Fshape PCBhave been recommendddr installationon pavedoad surfaces.
This recommendation was made for several reasons. First, a paved surface provides a consistent
pad for development of the sliding frictiowhich provides resistance to barrier motions and
develops longitudinal tension in the barrier syst8atond, there has been concern that placement
of the barriers on a soil foundation may allow the barriegotaye into the soil when displaced
laterally. This gouging could allow the barrierrtiate backwar@nd increasethe vehicle climb
of the slopd barrier face and vehicle instability. Neither of these behasidesirableFor this
study, placement of the PCB segments outside of the paved road surface would likely be
unavoidable due to the flaring of the PCB behind the guardrail system, whyghdally installed
in a soil foundation.

In order to alleviate these concerns, a recommended foundation specification was
developedor the PCBslocated witln the transitionsystemevaluated in this research. Thus, a
well-compacted, crushed limeston&se was required beneath B@Bs The compactedrushed
limestone material must meétmerican Association of State Highway and Transportation
Officials (AASHTO) Grade B soil specifications and should be installed to a depthnof(652
mm). The compded baseshould be placed underneath all PCB segments installed on a paved
road surfaceand its dimensions should extend 1 ft (305 mm) in front of the barrier segments,
underneath the barrier segments, and a minimum lateral width of 4 ft (1,219 mm)theloader
segmentswhich is nearly 6 ft (1,829 mm) widéhe compacted basfouldhavea 1H:1V or
flatter cross slope.

2.3 Guardrail to PCB Connection Hardware

After the first phase of the reseammioject wherethe overall layout of the transition system
was developedwo attachment details between tipgardrail and the PCB segmengsnained to
be designedThese connections included thttachment of the end of the-déam guardrailo the
PCB segmentas well & attachment of the Weam rail and blockouts to the overlapped PCBs
These connectionwere needed to fasten the overnteal barrier systems$o one anothewhile
remaining safebeing relatively easy to install, aneimainng largely reusable.

2.3.1W-Beam EndShoe to PCB Connection Hardware

The attachmenidf the end of the Wheam guardrail to the PCBss designedsng a steel
mounting brackethorizontabolts andaW-beam end shoe, as showirigure2. The basic design
was similar to previouslydevelopedhardware that connectirie beam approackyuardrail
transitions to sloped concretad buttresses @arapets.

For this systemthe mouting bracket needed to accommodate both the vertical taper of
the barrier and the 51V flare of the PCB segments. In addition, itierference caused Isyeel
loop barsat the exteriorends of the PCB required separate attachment of the bracket tGBhe P
and the Wbeam end shoe to the bracket. Thus, the mounting bracket dttactiee PCB with
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four 1-in. (25mm) diametethroughbolts, while the Wbeam end shoenly boltedto the steel
mountingbracket using nuts welded to thsiitte of the bracket fahefive O-in. (22-mm) diameter
bolts The bracket waslopedn its backsidéo allowthe W-beam to meet the vertical taper of the
PCBandthe flare of the PCB segments. The dowaestn end of the bracket e#aperediown to
beflush with the PCB to preve snag during reversdirection impactsThe designers didieigh
options to mount the guardrail end shoe directly to the barrier, but the tHbolighterference
noted above and the difficultly of twisting the rail to meet the horizontal and verpeastseemed
unacceptabld-ull details on the connection design can be found in Chépter

L me— Q-
i ¢ o) |
=% T © © Of
= - e end

> ©L

Figure2. W-beam End Shoe Connection MdGSto PCB Transition

2.3.2W-BeamGuardrail to PCB Connection Hardware

Installation of the guardrail on standard support posts in the overlapped barrier region was
restricteddue to interference with the PCB segments and concerns for limiting rotation of the

5
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support posts. Attachment of the remaining overlappedéAim guardrail to theCBswas critical

in order to properly support the guardrail element and allow the two barrier systems to move and
deflect simultaneously during vehicle impact. Thus, a guardaikbutholderwas developed to

allow for attachment of the guardrail to the PCB segments gsamglard guardrail post bolts.

Several options were investigated for the blockout to PCB attachment. Issues with rebar
interference and matching the verticabdamorizontal tapers of the system were again a major
consideration for the blockout attachment. It was also necessary to consider the attachment of the
guardrail bolt from the blockout to the guardrail. Three basic options were developed to address
these @sign considerations. All three options consisted of a steel mounting bracket that attached
to the PCB using wedgeolt mechanical anchors. Fomountingholes were included, but only
two anchors were required. The additional holes allow for inadequ#d#dtisn of the anchor or
rebar interference. The brackets were designed to allow for bolting the blockbathtthe
guardrail and blockoutolderusing a guardrail bolDesign \ariations were developed poovide
optionsfor matching the vertical artibrizontal angles between the PCB and the gua@sailell
as promotease of fabrication and assembly.

The first concept considered was a dotthlger blockout attachment, as showirigure
3. The doublgaper blockout attachment consisted of welded steel plates that would be cut and
assembled to transition between the vertical and horizontal angles of the PCB relative to the
guardrail, which inherently made tgeometry of the mounting bracket somewhat complex. The
benefit of this configuration was that the attachment allowed for vartsgt) rectangular
blockouts to be attached without flaring or angling the blockout to matcgutreirail or PCB
segments. Téfirst blockout adjacent to the end shoe would consist only of the steel mount, while
the other mounts would all requivariabledepth blockouts. Drawbacks of this concept included
its complex welded geometry and the fact that a mirrored design wotgdjlie=d for placement
on the left or righthand side of the roadway.

The second option was based on a steel tube and base plate configuration, as shown in
Figure4. The steel tube and base plate attachment simplified the design of the mounting bracket
by only accounting for the vertical flare of the PCB. The timber blockout was then cut on one face
to match the 15H:1V flare of the PCB segments as shown below. dlbidien allowed for a
simpler construction using a steel tube that is cut and welded to the face of a mounting plate. This
design also allowed use on both sides of the roadway without the need for separate, mirrored
components. However, blockouts wouldedeo be cut to match the correct depth and 15H:1V
angle. In addition, modified timber blocks were required at all four blockout mounts.

A final concept was considered that was similar to the steel tube and base plate concept but
simplified to a single bdrplate, as shown iRigure5. The bent plate blockout attachment had all
of the same advantages as the steel tube and base plate concept, but it was easiectdroonstru
a single piece of steel and required no welding.

All of the blockout mounting bracket designs were presented to the project sponsor to seek
feedback on their preferred design. The sponsor selected the bent plate blockout attachment based
on its smpler construction. Full details on the bent plate blockout attachment are located in Chapter
5.
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Figure3. Double Taper Blockout Atichment
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Figure4. Steel Tube anBase Plat®lockout Attachment
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Figure5. Bent Plate Blockout Attachment
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3 TEST REQUIREMENTS AND EVALUATION CRITERIA

3.1 Test Requirements

Longitudinalbarriertransitions such asransitions betweew-beam guardrailand stiffer
barriers must 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 newardware, these safety standards consist of the guidelines and procedures
published in MASH 1]. Accordingto TL-3 of MASH, transitiors must be subjected two full-
scale vehicle crash tests, as summariz&abiel.

Tablel. MASH TL-3 Crash Test Conditions fdtwongitudinal Barriers Transitions

Test Vehicle Impact Conditions
Test : , Test Weight, Speed, Evaluation
Article Desll\gllgatlon Vehicle Ib mph A(;]gle, Criteria®
' (kg) (km/h) €g.

N 2,425 62
Longitudinal 3-20 1100C | 1"100) (100) 25 AD,F.H,l

Barrier- 5,000 62
Transition 3-21 2270P | 3'370) (100) 25 AD,FH,I

! Evaluation criteria explained ifable2.

A review of the required MASH testing led to the recommenddtiothree crash tests to
fully evaluate the transition. These tests would include MASH test designation2@sn8l 321
which are tests to evaluate the transitiatin the 1100C small car and 2270P pickup truck vehicles.
In addition, it was anticipated that a revedsection impact of test designation ne23B with the
2270P vehicle wouldérequired to evaluate thiansiton for installations that require twway
traffic adjacent to the barrier. MASH also requires thamsitionsbe evaluated adjacent to their
connection to rigidarriers andn the stiffness transition region. Howeviervas believed that the
three testaoted above would be sufficient to evaluatetthasitionbetweertwo semirigid barrier
systemswhereno significantstiffeningexists

Critical ImpactPoints(CIPs)were determined for each of the three-&dhlevehiclecrash
tests.The Phaseresearch study cteineda simulation efforthatidentifiedthe CIPs fothe2270P
tests in the fullscale crash testing program. Simulations were conducted throughout the length of
theMGSto PCB transition in both the oncoming and revéra#ic direcions. Critical parameters
weremonitored including occupant risk measurgsocketing vehicle snagand vehicle stability.
Full details of that analysis are provided in the Phase | refloBgsed on the simulation results,
the CIP for tesho. 3-21 was determined to be the centerline of the fifth guardrail post upstream
from the eneshoe attachment. For the revedseection test no. -21, the CP was on the PCB
systemandl12 fti 6 in. (3.81 m) upstream from the eslkoe attachment

The Phase | effort did not consider the 1100C vehicle in the simulationfG8¢o PCB
transition design. Additionally, the CIP selection charts in MASH are géawedd selection of
CIP locations for beam and post systefns., approach guardrail transitionand were not
relevant. However, engineering analysis and review of previous MASH testing with the 1100C
10
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vehicle was used to select a CIP for test RB0.Potential transition CIPs for the 1100C vehicle
should consider maximizing vehicle extension under the guardrail and simultaneous interactions
with the PCB in order to promote wedging of the corner of the small car under the guardrail and
between he two overlapped barrier systemsThis type of behavior would tend to promote
increasd vehicle decelerationand instabilitiesas well asincreasd loading to the guardrail
element.Previous testing of an MGS approach guardrail transition witira @02mm) tall,
wedgeshaped curlhas demonstratemil rupture undecombined loading when the front corner

of the vehicle was wedged vertigalbetween thecurb and the guardrail7/]. Review of this
approach guardrail transition and other-Bdhle crash tests indicated that an impact point 93% in.
(2,381 mm) upstrearfiom a splice tended to be critical. As such, the CIP selected for test no. 3
20 was located 93%4. (2,381 mm) upstreafnom the second guardrail spliesvay fromthe end

shoe connection. The first guardrail splice in the sygtenainedo the connection of the Weam

end shoe to the nested-Néam guardrailLocation of the CIP at this point inéhsystem would
ensure that the vehicle critically loaded a splice while being engaged with both-bearidv
guardrail and the PCB. Additionally, this CIP would allow for evaluation of the potential for
vehicle interaction with the Vdeam end shoe mating bracket, if any existed.

tshould be noted that the test matrix det
engineering judgement with respect to the MASH safety requirements and their internal evaluation
of critical tests necessary to evaluate tlslworthiness of the barrier system. However, the recent
switch to new vehicle types as part of the implementation of the MASH criteria and the lack of
experience and knowledgéth certain barriersould result in unanticipated barrier performance.
Thus, any tests within the evaluation matrix deemed-ootical may eventually need to be
evaluated based on additional knowledge gained over time or revisions to the MASH criteria.

3.2 Evaluation Criteria

Evaluation criteria for fullscale vehicle crash testingedbased 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 abilihed¥-beam guardrato concretévarrier
transition systento 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. Rospact vehicle trajectory is a measure of plagential 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 summarizedTiable2 and defined in greater detail in MASH]. The fulk
scale vehicle crastess documented hereiwereconducted 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 Accaten Severity Index (ASI)
were determined and reported. Additional discussion on PHD, Taid ASI is provided in
MASH.

11
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Table2. MASH Evaluation Criteria fot.ongitudinal Barrier

Structural
Adequacy

A.

Test article should contaand redirect the vehicle or bring the vehi
to a controlled stop; the vehicle should not penetrate, underrig
override the installation although controlled lateral deflection of
test article is acceptable.

Occupant
Risk

Detached elements,afyments or other debris from the test art
should not penetrate or show potential for penetrating the occ
compartment, or present an undue hazard to other traffic, pedes
or personnel in a work zone. Deformations of, or intrusions intg
occupant compartment should not exceed limits set forth in Se
5.3 and Appendix 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 VelocityOIV) (see Appendix A, Section A5.3 (
MASH for calculation procedure) should satisfy the following lim

Occupant Impact Velocity Limits

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

The OccupantRidedown Acceleration (ORA) (see Appendix
Section A5.3 of MASH for calculation procedure) should satisfyj
following limits:

Occupant Ridedown Acceleration Limits

Component Preferred Maximum

20. 49

Longitudinal and Lateral 15. 0 ¢

3.3 Soil Strength Requirements

In accordance with Chapter 3 and Appendix B of MASH, foundation soil strength must be
verified before any fulscale crash testing can occur. During the installation of a soil dependent

system, additional W6x16 (W152x23.8) posts are installed near thetimggaon utilizing the

same installation proceduresthe system itself. Prior to fulicale testing, a dynamic impact test

must be conducted to verify a minimum dynamic soil resistance of 7.5 kips (33.4 kN) at post
deflections between 5 and 20 in. (1&7d 508 mm) measured at a height of 25 in. (635 mm). If
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 situatibn, the so
must provide a resistance of at least 90% of the static baseline test at deflections of 5, 10, and 15

in. (127, 254, and 381 mm). Further details can be found in Appendix B of MASH

12
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4 TEST CONDITIONS

4.1 Test Facility

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

4.2 Vehicle Tow and Guidance System

A reversedirection,cable tow system with a 1:2 mechanical advantage was used to propel
the test vehicle. The distance traveted! the speed of the tow vehicle were-ba# that of the
test vehicle. The test vehicle was released from the tow cable before impact with the barrier system.
A digital speedometer on the tow vehicle increased the accuracy of the test vehicle ingzhct spe

A vehicle guidance system developed by HinBhwWas used to steer the test vehicle. A
guide flag, attached to theft-front wheel and the guide cable, wasated off before impact with
t he barri ern. (9.ymn)dameter Juide calife was tensioned to approximately 3,500
Ib (15.6 kN) and supported both laterally and vertically every 100 ft (30.5 m) by hinged stanchions.
The hinged stanchions stoogright while holding up the guide cable, but as the vehicle was towed
down the line, the guide flag struck and knocked each stanchion to the ground.

4.3 Test Vehicles

For test noMGSPCRB1, a 2008 Dodge Ram 1500 svased as the test vehicle. The curb,
test inertial, and gross static vehicle weights were 4,977 Ib (2,258 kg), 4,914 Ib (2,229 kg), and
5,079 Ib (2,304 kg), respectively. &tiest vehicle is shown Iigure6, and vehicle dimensions
are shown irFigure?.

For tesno.MGSPCB2, a 2008 Kia Rio was used as the test vehicle. The curb, test inertial,
and gross static vehicle weights were 2,434 Ib (1,104 kg), 2,436 Ib (1,105 kg), and 2,601 Ib (1,180
kg), respectively. The test vehide shown inFigure 8, and vehicle dimensions are shown in
Figure9.

For testhno. MGSPCRB?3, a 2008 Dodge Ram 1500 was used as the test vehicle. The curb,
test inertial, and gross static vehicle weights were 5,017 Ib (2,276 kg), 5,012 Ib (2,273 kg), and
5,177 Ib (2,348 kg), respectively. The test vahisl shown irFigure 10, and vehicle dimensions
are shown irFigurell.

The langitudinal component of the center of gravity (c.g.) was determined using the
measured axle weights. The Suspension Met@pdds used to deternmarthe vertical component
of the c.g. for th270P vehicleThis method is based on the principle that the c.g. of any freely
suspended body is in the vertical plane through the point of suspension. The vehicle was suspended
successively in three positigrend the respective planes containing the c.g. were established. The
intersection of these planes pinpointed the final c.g. location for the test inertial corthtgon.
vertical component of the c.g. for the 1100C vehicle was determined utilizing adprece
published by SAEJQ].

13
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The location of the final c.dor test no. MGSPCH. is shown in Figure§ and12. The
location ofthe final c.g. for test no. MGSPGBis shown in Figure8 and13. The location of the
final c.g. for test no. MGSPCB is shown in Figuresland14. Data used to calculatke location
of the c.g. and ballast information are showAppendix B

Square, blackand whitecheckered targets were placed on the vehfolereference to be
viewed from the higkspeed digital video cameras and aid in the video analysis, as shown in
Figuresl2throughl4. Round, checkered targets were placed owr.gp@n the leftside door, the
right-side door, and the roof of tleachvehicle.

The front wheels of theachtest vehicle were aligned to vehicle standards except the toe
in value was adjusted to zeso that the vehicles would track properly along the guide cable. A
5B flash bulb was mounteghdert h e v eright-sidé wirddshield wipeand was fired by a
pressure tape switch mounted at the impact corner of the bumper. The flash bulb was fired upon
initial impact with the test article to create a visual indicator of the precise time of impact on the
high-speeddigital videos. A remoteontolled brakesystem was installed in eatdst vehicle so
the vehicls could be brought safely to a stop after the test.

4.4 Simulated Occupant

For test nosMGSPCB1 through MGSPCB3, A Hybrid 1l 50"-Percentile, Adult Male
Dummy, equipped with clothing and footwear, was placed inigine-front seat of the test vehicle
with the seat befastened. The dummy, which had a final weight of 165 Ib (75 kg), was represented
by model no572, serial no. 451, and was manufactured by Android Systems of Carson, California.
As recommended by MASH, the dummy was not included in calculating the c.g. location.

14
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Date: 7/20/2015 Test Number: MGSPCB-1 Model: RAM 1500
Make: Dodge Vehicle I.D.#: 1d7ha18n58s568126
Tire Size: LT265/70R17 Year: 2008 Odometer: 183761
Tire Inflation Pressure: 35
*(All Measurements Refer to Impacting Side)
T (— 1 j_ Vehicle Geometry -- in. (mm)
t whneel ) \,/hmeel a a_ 7812 (1994) b 747/8 (1902)
Track Track
L f 4L c 22712 (5779) d 47 (1194)
- % [ I— e 14014  (3562) £ o401/4  (1022)
Test Inertial C.M. g 2812 (724) h 6012 (1538)
q—l— e D1a i 15 (381) j 26 (660)
R Gl i e k 2012 (521) 129 (737)
u m_ 671/4 (1708) n 6712 (1715)
v b_gr ° o 45 (1143) p 212 (64)
; —‘f O s Q = 3 311/4 794 r 18172 470
15 / I g q (794) 470)
" f s 15 (381) t 751/4 (1911
Wheel Center Height Front 14 5/8 371)
° v\'/reor : wFronv T Wheel Center Height Rear 14 5/8 371)
c Wheel Well Clearance (F) 34172 (876)
Mass Distribution 1b (kg) Wheel Well Clearance (R) 373/4  (959)
Gross Static LF 1453  (659) RF 1445 (655) Frame Height (F) 181/4  (464)
LR 1081  (490) RR 1100  (499) Frame Height (R) 25 (635)
Engine Type Gasoline
Weights
Ib (kg) Curb Test Inertial Gross Static Engine Size 4.7L V8
(W -front 2829  (1283) 2793 (1267) 2898 (1315) Transmission Type: Automatic
W -rear 2148 (974) 2121 (962) 2181 (989) Drive Type: RWD
W -total 4977  (2258) 4914 (2229) 5079 (2304)
GVWR Ratings Dummy Data
Front 3700 Ib Type: Hybrid IT
Rear 3900 1b Mass: 165 1b
Total 6700 Ib Seat Position: Passenger
Note any damage prior to test: Driver side box side top crushed.

Figure7. Vehicle Dimensions, Test NMGSPCB1
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Figure8. Test Vehicle, Test NOMGSPCB2
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Date: 7/30/2015
Make: Kia
Tire Size: 185/65R14

Tire Inflation Pressure:
*(All Measurements Refer to Impacting Side)

Test Number: MGSPCB-2 Model: Rio
Vcehicle 1.D.#: knade123586430239
Year: 2008 Odometer: 168978
32

a 6134  (1568) b

Vehicle Geometry -- in. (mm)

5712 (1461)

¢ 167172 (4255) d

36 3/4 (933)

e 9858  (2505) f

32 1/8 (816)

g 2238  (570) h 36 915)
i 834 (22 j 2 (559)
kK 1212  (318) 1 25 (633)
m 5638 (1432) n 5738 (1457
o 2812 (724 p 2 (51)
q 2338 (594) r 1538 (391)
s 1134 (298) t 631/4 (1607)

Wheel Center Height Front

Wheel Center Height Rear

Mass Distribution b (kg)

Wheel Well Clearance (F)

Wheel Well Clearance (R)

Note any damage prior to test:

1058  (270)
1118  (283)
251/8 (638
25 (635)
61/4  (159)
153/4  (400)

Gasoline

4 Cyl 1.6L
Automatic

FWD

Gross Static LF 804 (365) RF 829 (376) Frame Height (F)
LR 489 (222) RR 479  (217) Frame Height (R)
Engine Type
Weights
Ib (kg) Curb Test Incrtial Gross Static Engine Size
W-front 1571 (713) 1546 (701) 1633 (741) Transmition Type:
W-rear 863 (391 890 (404) 968 (439) Drive Axle:
W-total 2434 (1104) 2436 (1105) 2601 (1180)
GVWR Ratings Dummy Data
Front 1918 Ib Type: Hybrid 11
Rear 1874 1b Mass: 165 1b
Total 3638 b Seat Position: Passenger

Missing front air dam trim section.

Figure9. Vehicle Dimensions, st No.MGSPCB2
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Figure10. Test Vehicle, Test NMGSPCB3
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Date: 8/25/2015 Test Number: MGSPCB-3 Model: RAM 1500
Make: Dodge Vehicle LD.#: 1d7ha18n88s553166
Tire Size: 265/70R17 Year: 2008 Odometer: 108813
Tire Inflation Pressure: 35
*(All Measurements Refer to Impacting Side)
[ — I ] Vehicle Geometry — in. (mm)
n "
t  Wheel Wheel a a 78 (1981) b 75 (1905)
Track Track
c 22712 (5779 d 47 (1194)
e ' R |
= " [ S— e 14012  (3569) f 40 (1016)
Test Inertial CM. g_ 283/ (729) h_623/8 (1586)
A i 1512 (394) j 263/4 (679)
[~ MEEL Dk k 2112 (546) 1 293/4 (756)
—~f—r
m 673/4 (1721) n 6712 (1715
: |
5 o 451/8 (1146) p 3 (76)
¢ O KN
| t.< i ..J j q 31 (787) r 18122 (470)
f s 1558 397) t 7514 (1911)
h
Wheel Center Height Front 15 (381)
d e £ — —_—
Wheel Center Height Rear 15 1/8 (384)
:; Wrear wFrong; -
c Wheel Well Clearance (F) 35 3/8 (899)
Mass Distribution 1b (kg) Wheel Well Clearance (R) _387/8 _ (987)
Gross Static LF 1471 (667) RF 1419 (644) Frame Height (I) 18 1/4 (464)
LR 1133 (514) RR 1154 (523) Frame Height (R) 26 (660)
Engine Type Gasoline
Weights
Ib (kg) Curb Test Inertial Gross Static Engine Size 4.7L V8
W-front 2839 (1288) 2785 (1263) 2890 (1311) Transmission Type: Automatic
W-rear 2178  (988) 2227 (1010) 2287 (1037) Drive Type: RWD
W-total 5017 (2276) 5012 (2273) 5177 (2348)
GVWR Ratings Dummv Data
Front 3700 Type: Hybrid IT
Rear 3900 Mass: 165 Ib
Total 6700 Seat Position: Passenger
Note any damage prior to test: Dents in the rear bumper.

Figurell Vehicle Dimensions, Test NMGSPCB3
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TEST #: MGSPCB-1

TARGET GEOMETRY-- in. (mm)

A T747/8  (1902) E 637/8 (1622) | 383/4 (984)
B 1031/2 (2629) F 353/4 (908) J 28172 (724)
Cc 44 (1118) G 601/2 (1537) K 42 (1067)
D 64 (1626) H 793/4 (2026) L 651/4 (1657)

Figurel2 Target Geometry, Test NMGSPCRB1
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" vehicle
B C D E F
M
J
TEST #: MGSPCB-2 Vehicle: Kia Rio
TARGET GEOMETRY-- in. (mm)

A 241/8 (613) E 433/4 (1111) | 221/4 (565)

B 211/4 (540) F 3312 (851) J 29 (737)

C 46 (1168) G 36 (914) K 291/4 (743)

D 734 (197) H 983/4 (2508) L 481/2 (1232)

M 52 (1321)

Figurel3. Target Geometry, Test NMGSPCB2
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ﬂ—ga{}ﬁ—{}”ﬁ'}
e L Ea

H I
TEST #: MGSPCB-3
TARGET GEOMETRY-- in. (mm)
A 7812  (1994) F 64 (1626) K 283/4 (730)
B 313/4 (806) G 351/8 (892) L 43 (1092)
C 7512  (1918) H 621/2 (1588) M 641/4  (1632)
D 481/4  (1226) | 781/4 (1988)
E 64 (1626) J 3978 (1013)

Figurel4. Target Geometry, Test NMGSPCB3
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4.5 Data Acquisition Systems

4.5.1Accelerometers

Two environmental shock and vibration sensor/recorder sygstegne used to measure the
accelerations in the longitudinal, lateral, and vertical directions for test nos. MGERC&ugh
MGSPCR3. All of the accelerometemgere mounted near the center of gravity of the test vehicles.
The electronic accelerometer data obtained in dynamic testing was filtered using the SAE Class
60 and the SAE Class 180 Butterworth filter conforming to the SAE J211/1 specificatlhns [

The two systemssed in all three testthe SLICEL and SLICE2 units,weremodular data
acquisition systemmanufactured by Dersified TechnicalSystems, Inc. (DTSpf Seal Beach,
California. The acceleration sensors were mounted inside the bodies of custom built SLICE 6DX
event data recorders and recorded data at 10,000 Hz to the onboard microprocessor. Each SLICE
6DX was configured with 7 GB of newolatile flashne mor y, a range of N500
of 10,000 Hz, anda 1,650 Hz (CFC 1000) ardliasing fiterr The A SLI CEWar eod co
software programs and a customized Microsoft Excel worksheet were used to andlyla the
accelerometer data.

4 5.2Rate Transducers

Two identical angle rate sensor systems mounted inside the bodies of the ShICE
SLICE-2 event data recorders were used to measure the rates of rotation of the testineiesie
nos. MGSPCBL through MGSPCB. Each SLICEMICRO Triax ARS had a range of 1,500
degreesec in each of the three directions (roll, pitch, and yaw) and recorded data at 10,000 Hz to
the onboard microprocessors. The raw data measurements were then downloaded, converted to the
proper Euleranglesf@nal ysi s, and plotted. The ASLI CEWar
a customized Microsoft Excel worksheet were used to analyze and plot the angular rate sensor
data.

4.5.3Retroreflective Optic Speed Trap

The retroreflective optic spedrhp was used to determine the speed of the test vehicles
before impact. Five retroreflective targespaced at approximatelys-in. (457mm) intervals
were applied to the side of each vehicle. When the emitted beam of light was reflected by the
targetsand returned to the Emitter/Receiver, a signal was sent to the data acquisition computer,
recording atl0,000 Hz,as well as the external LED baxtivating the LED flashe§he speed
was then calculated using the spacing betweerethereflective targstand 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.

4.5.4Load Cells and String Potentiometers

Load cells were installed ahe upstream anchor for test MGSPCB1. The load cells
wereTransducer Techniques model no. TROK with a load range up to 50 kips (222 kiSjring
potentiometers were also atteed to the system at the upstream anchor. The piotegtiometers
were Unimeasure model no. P8-70124 with a displacement range up to 50 in. (127 Duming
testing, output voltage signals were sent from the transducers to a National Instrumeeg HC|
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data acquisition board, acquired with LabView software, and stored on a personal computer at a
sample rate 0£0,000 Hz The positioning and set up of the transducers are shokigune 15.

Figure15. Location of Load Cells and String®@ntiometers
4.5.5Digital Photography

Six AOS highspeed digital video cameras, sev&oPro digital video cameras, and four
JVC digital video camerawere utilized to film test ndAMGSPCR1. Five AOS highspeed digital
video cameras, seveBoPro digital video cameras, and falvC digital video camerasvere
utilized to film test noMGSPCRB2. Five AOS highspeed digital video cameras, eighvPro
digital video cameras, and thr@éC digital video camerasere utilized to film test nAMGSPCB
3. Camera details, cameaperating speedsens information, ané schematic of the camera
locationsrelative to the systerior each tesareshown inFigures 16 through18.

The high-speed videos were analyzed using ImageExpress MotionPlus and RedLake
MotionScope software programs. Actual camera speed and camera divergence factors were
considerd in the analysis of the higépeed videosA Nikon D3200digital still camera was also
used to document prand postest conditions for all tests.
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51'—4" [15.6 m] L
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Ml Aos 45
Ml IVC #2
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No. Type o%? ;?n“gg/sse%?ed Lens Lens Setting
AOS-2 AOS Vitcam CTM 500 Cosmicar 50 mm Fixed -
AOS-5 AOS X-PRI Gigabit 500 Vivitar 135 mm Fixed -
AOS-6 AOS X-PRI Gigabit 500 Sigma 2870 DG 50
AOS-7 AOS X-PRI Gigabit 500 Nikon 20 mm Fixed -
AOS-8 AOS SVIT 1531 500 Sigma 2470 28
AOS-9 AOS TRFVIT 2236 1000 Kowa 12 mmFixed -

GP-3 GoPro Hero 3+ 120
GP4 GoPro Hero 3+ 120
GP-5 GoPro Hero 3+ 120
GP-6 GoPro Hero 3+ 120
GP-7 GoPro Hero 4 240
GP-8 GoPro Hero 4 240
GP-10 GoPro Hero 4 240
JVC-1 JVCi GZ-MC500 (Everio) 29.97
JVC-2 JVCi GZ-MG27u(Everio) 29.97

Figurel6. Camera Locations, Speeds, and Lens Settings, TeMGISPCB1

LTGEE-E0dHION Hoday 4SHMA

1T0Z 2 Rey



OVERHEAD
Height: 64'—-1[19.5 m]

LZ

A0S #9 216'-11" [66.1 m]
& ﬁ?o 18'-6" [5.6 m]
11°-6" [3.5 m] CP #4 —12' [3.7 m]
2' [0.6 m] oP #6 "
AOS ##6 | ] 5 é ‘ L -
Jvc 4 - T""‘ g ¥ ¥ % v T 1i ¥ v ¥ ¥ T - —_ =
3 [0.9 m]J . A135 #8
2'-6" [0.8 m]
Ls'—s' [1.7 m] 57' [17.4 m]
- =—7" [2.1 m] Onboard — GP #3
12" [3.7 m] ~__
158' [48.2 m] 126-2° (378 ml— .| A0S #7
Operating Speed .
No. Type (frames/sec) Lens Lens Setting

AOS5 AOS X-PRI Gigabit 500 Vivitar 135 mm Fixed -
AOS-6 AOS X-PRI Gigabit 500 Sigma 2470 DG 70
AOS7 AOS X-PRI Gigabit 500 Canonl7-102 50
AOS-8 AOS SVIT 1531 1000 Sigma 2470 70
AOS9 AOS TRRVIT 2236 500 Kowa 12 mm Fixed -
GP-3 GoPro Hero 3+ 120
GP4 GoPro Hero 3+ 120
GP-5 GoPro Hero 3+ 120
GP-6 GoPro Hero 3+ 120
GP-7 GoPro Hero 4 240
GP-8 GoPro Hero 4 120
GP-10 GoPro Hero 4 240
JVC-1 JVCi GZ-MC500 (Everio) 29.97
JVC-4 JVCi GZ-MG27u (Everio) 29.97

Figurel7. Camera Locations, Speeds, and Lens Settings, TeMGISPCB2
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AOS5 AOS X-PRI Gigabit 500 Vivitar 135 mm Fixed -
AOS-6 AOS X-PRI Gigabit 500 Sigma 2870DG 28
AOS-7 AOS X-PRI Gigabit 500 Fujinon 50 mm Fixed -
AOS-8 AOS SVIT 1531 500 Sigma 2870 70
AOS9 AOS TRFIVIT 2236 500 Kowa 12 mm Fixed -
GP-3 GoPro Hero 3+ 120
GP-4 GoPro Hero 3+ 120
GP-5 GoPro Hero 3+ 120
GP-6 GoPro Hero 3+ 120
GP-7 GoPro Hero 4 240
GP-8 GoPro Hero 4 240
GP-9 GoPro Hero 4 120
GP-10 GoPro Hero 4 240
JVC-2 JVCi GZ-MG27u (Everio) 29.97
JVC-3 JVCi GZ-MG27u (Everio) 29.97
JVC-4 JVCi GZ-MG27u (Everio) 29.97

Figurel8. Camera Locations, Speeds, and Lens Settings, Te8MGISPCB3
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5 DESIGN DETAILS, TEST NO. MGSPCB-1

The tesinstallation was coprised 0f138.5ft (42.2m) of MGS with an end anchorage,
stiffness transition, ant¥40.8 ft (42.9 m) of fshapedPCBat a 151:1V flare, as shown in Figures
19through54. The guardrail transition begd® in. (54 mm)downstreamfrom theupstreanend
of the fourth PCB, with three full PCB behind the guardrail systehatographs of the test
installation are shown iRigures55 through58. Material specifications, mill certifications, and
certificates of conformity for theystem materials are shownAppendix A

The system was constructed wsilkteensteel posts spaced at 75 in. (1,905 mm) on center.
Post nos. 3 tlough 18 were stadard 72in. (1,829mm) steel postwith a soil embedment depth
of 40 in. (1,016 mm). A &n. wide x 12in. deep x 14%n. long (152mm x 305mm x 362mm)
blockout was used to block the rail away from the front face of each steel post. A 16D double head
nal was also driven through a hole in the front flange of the post into the top of the blockout
assembly to prevent rotation of the blockout.

Post nos. 1 and 2 were breakaway cable terminal (BCT) timber posts measuring 5% in.
wide x 7% in. deep x 46 in.hg (140 mm x 191 mm x 1,168 mm) and were placedft(B8m)
long foundation tubes, as showrHigure23. The upstream and downstream ends of the guardrail
instalation were configured with a trailingnd anchorage systeifhe guardrail anchorage system
was utilized to simulate the strength of other crashworthy end terminals. The anchorage system
consisted of timber posts, foundation tubes, anchor cables, bedaieg, pail brackets, and
channel struts, which closely resembled the hardware used in the Modified BCT system and is
now part of a crashworthy, downstream trailing end ternfib2/15]. The 12gauge (2.66nm
thick) W-beam was mounteat a height of 31 in. (787 mm) andsted from the midspan between
post nos. 12 and 13 to thi-beamend shoe.

Eleven 156in. (3,810mm) longF-shapePCBswith atarget5,000 psi (34.5 MP&8-day
compressive strengtiere connected to the MGBhe concrete barriers were 22% (72 mm)
wide at the base andi®8. (208 mm) wide at the top. PCB details are shown in FigdGesnd47.
Each of the barrier segments were connected by 1% in. (32 mm) diameter A36 steel connection
pins and connector plates placed betwsean. (19-mm) diameter reinforcing bar loops extending
from the end of the barrier sections. The connection loop bar material was A709 Grade 70 or A706
Grade 60 steel. The connection pin details are showigure49. Mounting plates and blockouts
were attached to concrete barriers no. @ anAll PCB segments were set on top ah6(152
mm) deep compacted crushed limestone meeting AASHTO Grade B soil specificatiorth@r on
concrete tarmac at the MWRSF outdoor test facility.

The overlapped portion of the transition from MGS to PCB incorporated four blockouts
between the guardrail and concrete basri€he blockouts varied in sidepending on the distance
between the gudrail and PCB and were mounted on blockout mounting plates. The mounting
plates were 13 in. (330 mm) wide anc’/1gin. (338 mm) tall. The depth of the plate at the top
was 4.1 i n. (107 mm) a nAtthowioOthe(mouhtingptaje has fowlesh e b ot
it was secured to the PCB by tweif diameter x @n. long (M20x152) Power Wedge Bolts. On
the downstream end of the mounting plate, the plate was secured by the upper hole, and on the
upstream side by the lower holeansition blockout detailare shown irFigure42, and mounting
plate details are shown in Figui@&through37.
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The guardrail was connected and transitioned to the coruaeter at an angle of 3.8
degrees by ateel mounting brackeind Wbeam end shoelhe W-beam end shoe mounting
bracketwasconnected tthe impact side of concrete barrier no. 4 with fbum. (25mm) diameter
A325GradeAd o |l t s t -nr(29mm)dianieter bolt holes, which were measured and drilled
in the field. Thew-beam end shoe mounting brackets 13/16 in. (344 mm) tall and 2B in.

(589 mm) wide along the bottom edge. The downstream end was angled 8.0 degrees to be flush
against the ancrete barrier. A \Wbeam end shoe was attached to the front side ohthating
bracketwith five O-in. (22mm) diameter A32boltssecured by A568utswelded to the interior

of themounting bracket
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(3) The front edge of the soil pit should be at least 5’ [1524] from
the center of each post. The distance can be adjusted as’long as
the PCB system does not cross the front edge of the soil pit.

(4) Critical region is between post nos. 9 through 18 (@3’ holes).

(5) BCT anchors are placed in @3’ [914] holes, then backfilled and

tamped with soil.

Midwest Roadside
Safety Facility

(8) Instrumentation consisting of a tension load cell, string
fotentiometer, and high—speed digital video camera to be used on
he upstream end anchor.

SHEET:
NDOR PCB—MGS Ll
Transition Layout 2 DATE:
3/14/2016
DRAWN BY:
System Layout ALK /T
DWG. NAME. [SCALE: 1:300 |REV. BY:

PCB-MGS_Trans_Layout 2_R8

UNITS: in [rmm]|KAL /RWE /4

Figurel9. Test Installation Layout, Testo. MGSPCB1
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(See Note )—\ — [1219]
Front EdgeN of S1il Pit "
(See” Note [1524]
Notes: (1) The front edge of the soil pit should be at least 5’ [1524]
from the center of each post. The distance can be adjustéd as
long as the PCB system does not cross the front edgé of the
soil” pit. SHEET:
(2) The compacted crushed limestone material must meet AASHTO NDOR PCB—MGS 2rae6
Grade B soil specifications. The length of this limestone material Transition Layout 2 DATE:
pit is up to the discretion of the test site manager. 3/14/2016
DRAWN BY:
. % Soil Pit Detail AL“.EK/TJ
Midwest Roadside b/t
Sofety FOCIIIty DWG. NAME. [SCALE: _1:120 REV. BY:
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Figure20. Soil Pit Detail, Test NOMGSPCRB1
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SCALE 1 : 14

3.8"
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Midwest Roadside

SHEET:

Safety Facility

NDOR PCB—MGS St
Transition Layout 2 AT
3/14/2016
T t D t DRAWN BY:
ransition Detail
ik
DWG. NAME. [SCALE: 1:60 REV. BY:
PCB-MGS_Trans_Layout 2_R8 UNITS: in.[mm] EQL/RWB/J

Figure2l. Transition Detail, Test N0MGSPCB1
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DETAIL O (PORTABLE CONCRETE BARRIER HIDDEN)
BACKSIDE DETAIL

DETAIL O

[SHEET:
NDOR PCB—MGS il
Transition Layout 2 DAE:
3/14/2016
D . t‘ £ Vi DRAWN BY:
. . escription © ew
Midwest Roadside ‘ AL
SOfety FOClllty DWG. NAME. [SCALE: ‘1:7 ”EV. BY:
PCB-MCS_Trans_Layout 2_R8 UNITS: in.[mm] EQL/RWB/J

Figure22. Description of View, Test N0MGSPCRB1

LT-GEEE0dHION Hoday 4SYMN

LT0Z ¢ Re



80 1/4"

[2038]
51 1/2"
[1308]
| /—"l\
va X
f
o f— gy
AN II
3h»
[787] g//,_‘ \\/
BCT Cable
€D with Load
S N Assembly -~ — ...
Ground 1o 1 7 H":QET‘
Line \ /
String / =1
Potentiometer —
Attachment \N
st & ﬁ)
1
w
(&)
SECTION C—C e
NDOR PCB—-MGS ke
Transition Layout 2 ORTE:
3/14/2016
DRAWN BY:
g % End Section Detail “Lﬁx"m
Midwest Roadside b/
SOfety FQCIllty DWG. NAME. SCALE:‘1:20 REV. BY:
PCB-MGS_Trans_Layout 2_RE UNITS: in ] KAL/RWB /3

Figure23. End Section Detail, Test NMGSPCB1

LT-GEEE0dHION Hoday 4SYMN

LT0Z ¢ Re



9€

75"
[1905]
(TvP)
/F\ ab5 ab
v i mmY H }a
7 i
A e — S
L) ol 7/
) X b b 7 i
32 O N 34" 327
[813] ./ [7871] [813]
G d
== L|'|:1°eun : ¥ Ei;oeund A
SECTION D-D SECTION E-E
@ FME\
7 o SR — L) RS ERRE,
P & \
[ ] =] \
[ |
l\ [G—) } SHEET:
NDOR PCB—MGS Bet.28
\ @ @ / Transition Layout 2 BATE:
\“ ) ok w/ 3/14/2016
JOETAL F Midwest Roadside| Batgr "¢ POt "% 5712 e
¢ Sofety FGCI|Ity DWG. NAME. [SCALE: _1:20 |EEV. BY:
PCB-MGS_Trans_Loyout 2_R8 UNITS: in.[mm] EQL/RWEI/J

Figure24. Splice and Postdé. 312 Detail, Test NOMGSPCRB1
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Figure25. Splice and Postdé. 1318 Detail, Test NOMGSPCRB1
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Notes: (1) Each blockout mounting plate (part 012 uses
two diagonal power wedge bolts (part 15).

2) Four ¢1 1/8" [29] holes are field drilled
@) / g fgr the bolts (parts f12, 13,

and f14) used to mount the connector plate.

Midwest Roadside
Safety Facility

SHEET:
NDOR PCB-MGS i
Transition Layout 2 DAE:
3/14/2016
DRAWN BY:
Ti iti Connection Detail
ransition i i ALK/
DWG. NAME. [SCALE: 1:11 REV. BY:
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Figure26. Transition Connection Detail, Test NdGSPCB1
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DETAIL M

Note: (1) Additional part g2 on the c:fposite
side under the head of part 8.
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Figure27. BCT Anchor Detail, Test N0MGSPCB1
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Safety Facility

NDOR PCB—MGS

Transition Layout 2
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Figure28. Connector Plate Detail, Test NdGSPCB1
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Figure29. Connector Plate Weld Detail, Test N@GSPCRB1
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Note: (1) 6x25 IWRC IPS cables meet the minimum breaking strength of 42.7
kips [190 kN] and may be substituted for the 6x19 IWRC IPS cables.

Midwest Roadside
Safety Facility
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Figure30. BCT Anchor Cable and Load Cell Detail, Test MiGSPCB1
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Figure31. Modified BCT Anchor Cable, Testo. MGSPCB1
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