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1 INTRODUCTION

1.1 Problem Statement

Obstacls, including light poles, typically should not be placed within the working width
of a guardraisystem There are many instae€ wherat is desirable to instalight poles directly
behind Whbeam guardrail in order to provide adequate illumination along roadaygever,
there areseveral concernsith placing light poles in close proximity to guardrail that may affect
its abilty to safely contain and redirect vehicles. First, interaction between a deflected guardrail
system and a pole may create stiffening or hinging of the barrier system about the pole, which may
cause pocketing and increased loading to the guasystiém Second, mpacting vehiclesnay
snagon the pole, which coulthcrease vehicle decelerations and instabilities. While the use of
breakaway light poles may mitigate these concerns to some degree, the interaction between a
guardrail system and a closgigsiioned light pole requires further investigation.

The lllinois Tollway andthe lllinois Department of Transportation halkeen usinghe
Midwest Guardrail System (MGS) as their standardb&dm guardrasystemfor 10 yearsThe
MGS has a1-in. (787-mm) toprail mounting height, 7. (1,905mm) post spacing)V6x9 steel
posts,12-in. (305-mm) blockout depth, and midspan rail splices. The MGS has sis=essfully
full-scale crash tested with 2,425Ib (1,100-kg) small car(designated 1100CGinda 5,000Ib
(2,268kg) pickup truck(designated 2270Paccordingto the Manual for Assessing Safety
Hardware(MASH) TestLevel 3 (TL-3) criteria [1-3].

The current lllinois Tollway standarmdienotes polglacanentno closerto the guardrail
post thar28in. (711 mm)for the standard &t 3-in. (1,905mm) post spacindMGS, 23in. (584
mm) for the half-post spacingGS, and 14in. (356 mnj for thequarterpost spacingGS. The
barrier clearance distance is defined as the perpendicular distance from a line connecting the back
of guardrail posts to the near face of an obstaslehown irFigurel.

BARRIER CLEARANCE DISTANCE i

31"[787]

Ground
Line

Figurel. Barrier Clearance Distance
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In order to accommodate poles positioned closer thanctinent minimum barrier
clearance distance, an investigation should be conducted to deteafar@acementf the light
pole with respect to the guardrail system.

1.2 Research Objective

The objectivs of this researcprojectwereto determinghe minimumlateraloffset of the
light pole with respect to thetandardjuardrail systemwith 6 ft- 3 in. (1.9 m) post spacirand
develop guidance faihe safe placement of the Illinois Tollway standard light pole behind the
MGS. The guardrail offseawayfrom the light pde wasto betested anavaluated according to
the Test Level 3 (TL3) safety performance criteria ihe Manual for Assessing Safety Hardware
(MASH) [3].

1.3 Scope

The researclobjectives were achieved through the completion of severat tagkvo
phasesin phase ] a literature reviewwas performedn previoustesting ofW-beam guardrail
systemgincluding MGS) with and without poles to evaluate dynamic deflestimorking widths,
deflected barrier lengths, as well as vehicle pocketing andystagsks. In addition, a review
was performed on relevant breakaway light pole systems specified by the lllinois Tollway.

Seconda combination of LDYNA computer simul&on [4], engineering analysignd
experiencevith MGS crash testingvas utilized to select a minimum lateral pole offset for the
MGS system witlithe standard pdsspacingas well agleterminehe critical impact poirgt(CIPs)
for full-scale crash testing with 2270P and 1100C vehicles.

In phase I} twofull-scale crash teswere performed on the MGfth nearbylight poles,
as recommended irphase |.The first cash test utilized a 5,0a0 (2,268kg) pickup truck
impactingthe MGSwith poleat a speed of 62.1 mph (100 km/h) and an angle of 25 degrees.
the secod crash testa 2,425lb (1,100-kg) small car impaetdthe MGSwith pole at a speed of
62.1 mph (100 km/h) and an angle of 25 degrees.

Following the fultscale crash testing, teafetyperformance of the MG®ith a minimum
lateraloffsetawayfrom a pole was evaluatetinplementation guidanogasprovidedregarding
the safetyperformance of the MG®ith a nearbyllinois Tollway light pole.A summaryreport
of the research projeetith respect to the agsted light pole anthe barrier combinatiorwas
provided.
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2 LITERATURE REVIEW

2.1 MGS Crash Testingand Computer Simulation
2.1.1Dynamic Deflection and Working Width

A studywasconducted by Midwest Roadside Safety Facility (MwR&Frompilepast
testing of Midwest Guardrail System (MGt TestLevel 3 (TL-3). The study also involved
numerous simulationsn the MGS at TL-1, TL-2, or TL-3 [5]. Working widths and dynamic
deflections were found for each test level regardegtandard MGS and MGS with curb. Only
simulations involving standafdGS at TL-3 were consideredf the purpose of this project.

Maximum dynamic deflection of the system is a measure of the maximum distance any
individual component deflectdoackwardwhen compared to its undeflected position. Working
width is defined agie farthest distance the barrier or vehicle extended laterally during impact, as
measured from the original, undeformed front face of the guardrail. Working widths are always
greater thanmequal to dynamic deflections.

For TL-3, a minimumworking widthof 60.3 in. (1,532 mm) was determinkdsed orthe
largest MGS working width observed full-scale crash testing,[6]. If lateral offsets between
guardrailsystems andbstaclesre reduced, the impacting vehiok@yengage or interact with the
shieldedobstacle States must determine if the benefits associated deitheasedjuardrailto-
obstacleoffset and increased guardrglacementaway from road outweigh the potential
consequences of a vehicle engaginglstaclewhile being redirected by the rab]f Currently,
thelllinois Tollway uses a minimum barrier clearance distance of 28 in. (711 mm) for guardrail
with standard post spacing. The curriiriois Tollway practice for minimum clearance distance
of poles behind &S with different post spacing shownin Tablel. The lllinois Tollway bases
theselateral offsets on the guardrail placement recommendations for shielding riggfackes
found in the research report by Polivka et [@]. According to this study, the minimum
recommended distances the MGS should be placed away from a rigid obstacle are 49 in. (1.25 m),
44 in. (1.12 m), and 35 in. (0.9 m) for the standaldlf-, and quartepost spacing designs,
respectively, as measurawin the front face of the Wieam rail to the front face of the obstacle.
Thus, the recommended distances from the back of the post to the front face of post would be 28
in. (711 mm), 23 in. (584 mm), and 14 in. (356 mm) for the standhadf, and quartepost
spacing designs, respectively.

Tablel. lllinois Tollway Barrier Clearance Distance

Guardrail System Minimum
MGS with 31-in. (787-mm) Top Rail Post Spacin Clearance Distance
Height and 12in. (305mm) Deep b 9 in. (mm)
Blockouts '
Type A- Standard 6 ft- 3in.(1.9 m) 28(711)
Type B- ¥z Post Spacing 3ft - 1%in. (0.95 m) 23(584)
Type C- ¥ Post Spacing 1ft- 6%in.(0.48 m) 14 (356)

3
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2.1.2Guardrail Deflection Analysis

A report compiling guardrail tests from variooiganizations was completed at the Texas
Transportation Institute (TTI8]. Various guardrail configurations were included and those with
31-in. (787mm)top mouning heightand 75 in. (1,905 mm) post spacerg summarizeth Table
2 for testno. 3-11 andTable3 for testno. 3-10. Many variations of the MGS have been tested, but
only those with standard MGS configurations were referenced for this prolechGS tested
with douglas fir, ponderosame, soutkrn yellow pine, and white pin@stswere also included.

In addition, guardrail configurations using alternate blockouts or no blockoutdnekrded In

addition, TTI performd a full scale crash test on a-b#am system similar to the MGS][The

single difference between the standard MGS and this test was the blockout depth was reduced from
12 in. (305 mm) to 8 in. (203 mm). One crash test, test NRO2D5, was performed at test
designatiomo. 3-10 and the guardrail performed adequately. Thissedsoincluded inTable3.

For test designationo. 3-11, the maximum, average, and minimum dynamic deflections
were 60.2 in. (1,529 mm), 44.5 in. (1,131 mm), and 34.1 in. (866 mm), respectively. The
maximum, average, and minimum working widths were 60.3 in. (1,532 mm), 51.3 in. (1,302 mm),
and 43.2 in. (1,097 mm)espectively. For test designatian. 3-10 the maximum, average, and
minimum dynamic deflections were 35.9 in. (912 mm), 26.6 in. (677 mm), and 17.4 in. (442 mm),
respectively. The maximum, average, and minimum working widths were 48.3 in. (1,227 mm),
38.3in. (973 mm), and 28.6 in. (726 mm), respectively.

Table2. Guardrail TestinginderTest DesignatioiNo. 3-11

Dynamic : .
Testing Agency] Test Number | Testing Criteria De)q‘lection Wo‘rklng Width

: in. (mm)

in. (mm)
MwRSF NPGA4 350 43.1(1,094) 49.6 (1,260)
MwRSF 2214MG1 MASH 57.0 (1,447) 58.6 (1,489
MwRSF 2214MG2 MASH 43.9 (1,114) 48.6 (1,234)
MwRSF MGSMIN-1 MASH 42.2 (1,072) 48.8 (1,240)
MwRSF MGSDF1* NCHRP350([10] 60.2 (1,529) 60.3 (1,530)
MwRSF MGSPR1* NCHRP350 37.6 (956) 48.6 (1,234)
MwRSF MGSWPR1* MASH 46.3 (1,176) 58.4 (1,483)
MwRSF MGSSYR1* MASH 40.0 (1,016) 53.8 (1,367)
MwRSF MGSNB-1** MASH 34.1 (867) 43.2 (1,097)

TTI 2205702** MASH 40.9 (1,040) 44.0 (1,119)

*Guardrail with alternate posts and/or blockouts.
**Guardrail with no blockouts.
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Table3. Guardrail Testing under Test Designatido. 3-10

Dynamic . .
Testing Agency | Test Number | Testing Criteria Deflection WOii:](Irz?n\r;V)ldth
in. (mm) '
MwRSF NPG1 NCHRP350 17.4 (441) 40.3 (1,022)
MwRSF 2214MG3 MASH 35.9 (913) 48.3 (1,227)
MwRSF MGSSYR2* MASH 22.2 (564) 39.7 (1,008)
MwRSF MGSRF3* MASH NA 38.4 (975)
MwRSF MGSNB-2** MASH 29.1 (740) 34.5 (877)
TTI 4200205 MASH 28.6 (725) 28.6 (725)

*Guardrail with alternate posts and/or blockouts.
**Guardrail with no blockouts.

2.2 Light Pole Testing Details

The light pole used by the lllinois Tollway @standard 50 ft (15.2 m) tall pole with a 15
ft (4.6-m) mast arm, amanufactured by Hapco and Valmont. The pole has-i;.1@254mm)
basediameter and &-in. (152mm)top diameter. The pole is designedteetthe2009American
Association of State Highway TransportatiOfficials (AASHTO) Standard Specifications for
Structural Supports for Highway Signs, Luminaires, and Traffic Sigta)s

The light pole is mounted caCS370 transformer base, also manufactured by Valmont.
The 9in. (229mm) tall breakaway transformer base was evaluated by Southwest Research
Institute (SwRI) in 1990 according to AASHT&andard Specification®r Structural Supports
for Highway Sigs, Luminaires, and Traffic SignaJ&1]. In June 1990, the light pole bases were
impacted at 20 mph (32.2 ki) with a 1,808b (816kg) pendulum. The pendulum was fitted
with a 10stage crushable nose, which simulated the stiffness and energy dissipation of a 1979
Volkswagen Rabbit. The results of the tests are showhalrle 4. Test13 and Testl4 had
calculated changes in velocity greater than the FHWA requirement of 16 feet per second, but they
were accepted due to the tendency to overestimate the calculated 60 mph values.

Both base designeceivedrFederal Highway Administration (FHWAId reinbursement
eligibility letters[12-14]. A similar base,lie CS30, was also tested and receivadyibility . All
tested bases were manufactured by Akron, but three letters were required for the three distribution
firms - Feralux,Akron Foundry, and Pole Litélhe two base designs are shown igufes2 and
3. The CS300designis identical tothe TB-AF-6-9 and the Pole Lite-£300 designsyith the only
difference being the distribution firm. The same is truetfie CS370 desigregardingthe TB
AF-5-9 and Pole Lite A302designs
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Figure2. Feralux CS300 Light Pole Base
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Figure3. Feralux CS370 Light Pole Base
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Table4. Feralux Light Pole Base Testing

Test Delta V Calculated
Pole Weight Delta V at 60
Test No. Base Pole Type at 20 mph fps
Ib (kg) (m/s) mph
fps (m/s)
TestAF-1 | FeraluxCS-300 | Aluminum | 413 (187) 3.4 (1.0) 6.4 (2.0)
PoleLite F-1300 .
Testl or TB-AF-6-9 Aluminum | 413 (187) 4.7 (1.9 6.8 2.1
Test2 Feralux CS300 Steel 777 (352) 5.3(1.6) 11.1 (3.4)
Pole LiteF-1300
Test10 or TB-AF-6-9 Steel 777(352) 5.0(1.5) 11.0(3.4)
Pole LiteF-1300 .
Testll or TB-AF-6-9 Aluminum | 442(191) 4.9(1.5) 7.0(2.1)
Test12 TBs'AlF\;\}E’”'” Steel | 955(433) | 7.9(2.4) 17.1(5.2)
Test13 Feralux CS370 Steel 955(433) 6.6 (2.0) 16.5 (5.0)
Pole LiteF-1302
Testl4 or TB-AFE-5-9 Steel 955(433) 7.6(2.3) 16.8(5.1)
Test15 Feralux CS370 | Aluminum | 591 (268) 6.9 (2.1) 10.5 (3.2)
Pole LiteF-1302 .
Test16 or TB-AF-5-9 Aluminum | 591(268) 5.8(1.8) 10.1(3.1)
Testl7 Feralux CS300 | Aluminum | 442 (191) 4.5 (1.4) 6.9 (2.1)

2.3 Related Research

2.3.1Light Pole and Guardrail

Breakaway poles are required on hggeed highways by the FHWA. In certain situations,
guardrailsystens will be placed in front of light polesn 1994,guardrail and light pole systems
were crash tested in Ohio using the standard Type 5 guardrail and either the Fppar AYpe
AT-X light pole base15]. The OhioType 5 guardrail consisted ofifi. (178 mm) diameter6-ft
(1.83m) long pine wood posts ané. (152mm) x 8in. (203mm) x 14in. (356mm) oak wood
blockouts. The blockouts were contoured to fit the round posts. Posts were spaeed .ft
(1,905 mm) on center and embedded 42 in 06 mm) into the soil. The guardrail hadop
mounting height of 27 in. (686 mmA 28-ft (8.54m) tall steel light pole was selected and
evaluated for this project. The GE ModelMOR2 luminaire was mounted on aft§4.57m)
arm with a 3ft (914-mm) upsweep, as shownHkigure4.
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8.54m

Figure4. Ohio Study- GE Model M400R2Light Pole

Two aluminumbase dagns wereutilized, andthe dimensions of each differed. Type-AT
A had a base width of #6in. (416 mm)and tapered to 13 in. (330 mt)the topand Type AT
X had a 14in. (356mm) wide basand tapered to 13 in. (330 mm) at the, tag shown irrigure
5. The sizes of the bases resulted in the TypeMJeingplaced 18 in. (457 mm) behind the back
of the guardrajlandthe Type AT-X placed 6 in. (152 mm) befd the back of the guardrail. A
total d six tests were completed, foaf which included light poles. The placement of the light
poles along the guardrail was chosen based on either location of maximum guardrail deflection or
highest kinetic energy of thmpactor.The results of the six tests are showil aleb.
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20in. Anchor Bolt

50.8 cm

C

Concrete

BASE FRAME Ly Foundation
ALUMINUM TRANSFORMER BASES
Type "p" s" _ i Bolt Circle
AT-A 11.43 cm 33.02cm 41.59 cm 38.10 cm
(4-1/2 inches) (13 inches) (16-3/8 inches) (15 inches)
AT-C 11.43 cm ‘ 37.15cm 43.82 cm 43.82 cm
(4-1/2 inches) (14-5/8 inches)  (17-1/4 inches)  (17-1/4 inches)
AT-X 11.43 cm 33.02 cm 35.56 cm 31.75 cm
(4-1/2 inches) (13 inches) (14 inches) (12-1/2 inches)
Figure5. Ohio Study- Light Pole Bases
Table5. Ohio Guardrail and Light Pole System Results
Light Pole Dynamic | Occupant Pole
Test Test Light Pole Distance ynam up Impacted by
. . Deflection Risk .
No. | Designation Base from Impact . Vehicle
in. (mm) | Collected :
ft (m) (Snagging)
1 3-11 None - 59.8 (1,518) Yes -
2 3-11 Type X 18% (5.72) | 40.2 (1,021) No Yes
3 3-11 Type X 6 (1.83) 47.3 (1,201) No No
4 311 Type A 6v4 (1.91) | 53.9 (1,369) Yes No
5 3-10 None - 12.6 (320) Yes -
6 3-10 Type X 6Y4 (1.91) 11.0 (280) Yes Yes

Test no. 1 was performed without a light pole to determine a baseline for the Type 5
guardrail under test designation. 3-11. Tke guardrail was impacted at &@ph (96.6 km/h) at
25.0 degrees. The exit angle wdksdegreesand the occupant risk parametevere below the
NCHRPReport No.350 limit values.

Test no. 2 incorporated thgped X0 base desithenlight pele 6 in(bh52 pl ac e c
mm) behind the guardrail.he base was located 18% ft (5.72 m) downstriram the intended
impact pointbecause test no. 1 indicated this location would have the highest guardrail deflection.
The guardraibystemwas impacted at 59.0 mph (95 km/h) at 24.6 degrees. Contact marks from
the vehicle were found on the light pole. The pole did not break awayt tomstrained the

9
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guardrail deflectionswhich resulted iran exit angle of 17.9 degreasdexceeded the evaluation
criteria limit. Occupant risk values were not acquired due to dmand computer malfunction.

Test no. 3 also used thgped X 0  thesign and the pole was positionédn. (152 mm)
behind the guardrail aréift (1.83 m) downstreariiom the impact locatiorwhich wasselected
due to the high kinetic energy of the impactor at this pdime. guardraikystemwas impacted at
60mph (965 km/h) at 27.3 degrees. The light pbtekeaway, and the transformer bafactured
The guardrail deflections were less than when no light pole was prasdnteexit anglewas
25.4 degreesvhichwas greater than the allowable limit. Furthermosehiele damage was greater
in test no. 3 thanest no. 2, indicating thatréak away of the light pole didot correlate with
reduced vehicle damage. Thelomard computer malfunctioned and occupant risk values were not
acquired.

Test no. 4 v dblasaet adk stilgen, A Avhi ch pl aced th
behind the guardrail. The basvas locateéft - 3 in. (1,905 mm) downstreanfrom the intended
impact point. The guardraslystemwas impacted at 58.0 mph (93.3 km/h) at 26.7 degrees. The
polebrokeaway, and the guardrail deflections were similar to when no light pole was prékent
exit angle was 17.2 degreeshich was greater than the allowable limit. The light pole base
performed as designed and fractured near the ateuthugs. Damagdo the vehicle irtest no. 4
was greater than the damage fri@mst no. 3, even though the light pole was @tdartherbehind
the guardrailOccupant risk values for this test were below the allowable values in N&dpbtt
No. 350.

Test no. 5 was perforad without a light pole to determine a baseline for the Type 5
guardrail under test designation. 3-10. The guardrail was impacted at 57.5 mph (92.5 km/h) at
20.7 degreeslhe exit angle of 7.9 degrees ahé occupant risk values were within the NCHRP
ReportNo. 350 limits.

Test no. 6 us e d and thepolé Was pobitoorsédin. (A52 snin)goehind
the guardrail ané ft- 3 in. (1.9 m) downstreafnom the intended impact location. Theardrail
systemwas impacted at 64.9 mph (104.5 km/h2 ¥ degrees. The light pole did not break gway
and the base had an indentation on the impact Igiég; caused by the lefront wheel. Again,
the guardrail deflections in this test were less than when no light pole was present. The exit angle
of 9.5 cegrees and the occupant risk values were within the limits in NGR&pBrt No.350.

The primary objective was to determine if vehicle snag occoméde polesluring impact
with the guardrail. The research report notedttimapresence of light polesddnot cause snagging
of the test vehicleand no change in the placement of light poles behindgtiaedrail was
recommended. Howevesnagging was only noted if the vehicle contacted the pole and rapidly
deceleratedOther contactbetweenthe test vehiclesnd the pole was observed, hiutvas not
classified as snagging.

Furthermore, the effect of the light pole on guardrail performance was also evaluated.
Unfortunately, itwasdifficult to makedefinitive conclusions based on the collegtdatalmpact
speeds varieddm 57.5 mph (92.5 km/h) to 6Bph (104.5 km/h)occupant risk factors coulibt
be obtained from all tests, atfie light pole was not critically ingeted in all testbecausehe
maximum rail deflection did not occur at thele locationFinally, three of théour guardrail and

10
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light pole tests had exiingles greater than the 15 degmeguiremengiven intheNCHRPReport
No. 350[10]. These resultsuggest the light pole may have affectel e g u perfarmaace.l 6 s

2.3.2Sign Support and Guardralil

A project evaluatinghe safetyperformance of a sign support and guardsgdtemwas
completed by the Civil and Environmental Enginegridepartment at the University of Florence
in Firenze, Italy in 201416]. A variable messge sign (VMS) with a nehreakaway sign support
structureand an H3 steel barrier, as showifrigure6, were evaluated usirfgite element method
(FEM) simulations and norash teshg. The objectives of the study weredwaluate heavy vehicle
and sign support interacti@s well agletermine minimum lateral offsbetweersign supporand
barrier.

Figure6. Sign Support and Guardrail

Initially, three separate models were created: a baarteavy vehicleand a sign support
structure. The barrier model was evaluated and validated by a full scale crash test. The sign support
structure model for this test incled a VMSspanning a three lane motorway with an emergency
lane and traditional sigsupports made of higstrength steel (S355J0). Only the parts bearing the
highest stress during the crash of the sign support were included in tekduedo the complexity
of the designA 35,274lb (16,000kg) infinitely rigid cube with a 9.84t x 9.84-ft (3-m x 3m)
cross section was used to simulate a heavy goods vehicle (HGV) witipact velocity of 49.7
mph (80 km/h)The sign support model was evaluated independently of the guaadrhito risk
of sign supporfailure was found.

11
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The final stage of the project was to determine the minimum distance between the sign
support and the guardrail where both would perform according to criteria defined in EN 1317
2:2010[17]. After evaluating many simulations with varying placement along and behind the
barrier, the minimum distance between the barrier and sign support was 51,200 .niin)away
from the front of the barrier.

2.3.3Zone of Intrusion

Stiff barriers, such as concrete barriers, have negligible deflecttmvgever,zone of
intrusion (ZOl), or vehicle intrusion over the top of the barrier, is a concern for attatsme
mountedon or near these barriersd. Subsequently, ZOlI is considered for rigid bridge rails and
parapets, not guardrail. I n many of the revie
farthestover theconcrete barrieyandthe greatest intrusion occurred earlyheimpactevent

TL-3 barriers were divided into three subgroups depending on theirlBDdroup one
consisted of slopéaced concrete barriers and steel tubular railsion @52mm) curbs or greater.
The ZOI for group one was 18 in. (457 mawayfrom the front face of the barrier. The ZOI for
group two was 24 in. (610 mm) and included cambibn concrete and steel rails, vertitated
concrete barriers, and timber rails. The ZOI for group three was 30 in. (762 mm) and included steel
tubular rails not on curbs or on curbs less than 6 in. (152 mm) high.

Following this study, MwRSHerformedthree fullscale crash tests amsingleslope
concrete barriewith adjacent lightpoles in 208 [19]. The first tvo tests involved a light pole
placed on top ahe concrete barrier usingearwardoedestal, and the third test involvegraund
mounted light pole placed 10.5 in. (2@im) behind the barriefhe first fullscale crash test, test
no. ZO}1, was performed according to test designatiord-12 of NCHRP Report No. 350. The
test comsisted of a 17,60% (7,985kg) singleunit truck impacting the barrier at a speed0f4
mph(81.0 km/l) and an angle of 15.6 degrees. This test passed the NCHRP Report No. 350 safety
requirements as the singlait truckwas safely brought to a controlled stop. The secondéalle
crash test, test no. ZQl was performed according to test designatior-11 of NCHRP Report
No. 350. The test consisted ofi @301b (2,009kg) pickup truck impacting the barrier at sespl
of 61.7 mph(99.3 km/h) and an angle of 23.4 degrees. This test passed the NCHRP Report No.
350 safety requirements as the pickup truck was safely brought to a controlled stop. The-third full
scale crash test, test no. Z8lwas performed according test designationo. 4-12 of NCHRP
Report No. 350. The test consisted &f7e6371b (8,000kg) singleunit truck impacting the barrier
at a speed 050.2 mph(80.8 km/h) and an angle of 16.4 degrees. This test passed the NCHRP
Report no. 350 safety regaments as the singleit truck was safely brought to a controlled stop.

The impact location faihe thirdtest was selected such that the maximum vehicle intrusion
over the barrier would occur at the light pole location. This placement would ensurst-aase
scenario impact. Test no. ZQlwas deemed acceptable according to thel Triteria found in
NCHRP Report No. 35[L0]. Unfortunately, the maximuimtrusion occurred before the pole was
impacted and definitive recommendations could not be made for use of a gnonated
luminaire pole placed behind a concrete barrier.

12
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3 TEST REQUIREMENTS AND EVALUATION CRITERIA

3.1 Test Requirements

Since it is not recommended to plaglestacle within the working width of guardrail
systemsgloserpole placement behind the M@®uld require crash testing asdaluaton under
TL-3 of MASH[3]. This studywas conductedh compliance with MASH 2016\ote thathere is
no differencebetweenMASH 2009[20] and MASH 2016 forlongitudinal barriers such as the
system tested in this proje&ccording toTL-3 of MASH, longitudinal barrier systenmust be
subjected to two fulscale vehicle crash tests, as summarizéihlyie6.

Table6. MASH TL-3 Crash Test Conditions for Longitudinal Barriers

Test Test Test \\//V(ae?éjclqlf Isrgzzgt T Evaluatin

article | D990 vepicle | b | mpn Andle. | criterial
(kg) (km/h) 9-

Longitudinal | 520 1100C (iﬁ%g) (16020) 25 ADFHI

Barrier 311 2270P (g:ggg) (16020) 25 AD,F.H.|

! Evaluation criteria explained ifable7.

The critical impact poirgtfor both crash tests were determined using computer simulation
to maximizevehicleand pole interactigrasdiscussed in the followinghapter.

3.2 Evaluation Criteria

Evaluation criteria for fullscale vehicle crash testing are based on three appraisal areas:
(1) structural adequacy; (2) occupant risk; and (3) vehicle trajectory after collision. Criteria for
structural adequacy are intended to evaluate the abilitgeoMGSwith an offset light pole to
contain and redirect impacting vehicles. In addition, controlled lateral deflection of the test article
is acceptable. Occupant risk evaluates the degreazairdto occupants in the impacting vehicle.
Postimpact vehite trajectory is a measure of the potential of the vehicle to result in a secondary
collision with other vehicles and/or fixed objects, thereby increasing the risk of injury to the
occupants of the impacting vehicle and/or other vehicles. These evalréBoa are summarized
in Table7 and defined in greater detail in MASH. The fatlale vehicle crash test was conducted
and reported in accordance with the proceduyarovided in MASH.

In addition to the standard occupant risk measures, thelRpatt Head Deceleration
(PHD), the Theoretical Head Impact Velocity (THIV), and the Acceleration Severity Index (ASI)
were determined and reported on the test summary gkational discussion on PHD, THIV
and ASl is provided in MASH.

13
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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 occbDuring theinstallation of a soil dependent
system, additional W6x16 (W15223.8) posts are to be installed near the impact region utilizing
the same installation proceduresthe system itself. Prior to fuicale testing, a dynamic impact
test must be conducted verify a minimum dynamic soil resistance of 7.5 kips (33.4 kN) at post
deflections between 5 and 20 in. (127 and 508 mmmd)neasured at a height of 25 in. (635 mm).

If dynamic testing near the system is not desired, MASH permits a static test to betednd
instead and compared against the results of a previously established baseline test. In this situation,
the soil must provide a resistance of at least 90% of the static baseline test at deflections of 5, 10,
and 15 in. (127, 254, and 381 mm). Furttietails can be found in Appendix B of MASH.

Table7. MASH Evaluation Criteria foL.ongitudinal Barrier

A. Test article should contain and redirect the vehicle or bring the vd
Structural to a controlled stop; theehicle should not penetrate, underride
Adequacy override the installation although controlled lateral deflection of
test article is acceptable.

D. Detached elements, fragments or other debris from the test 3
should not penetrate or shigotential for penetrating the occupg
compartment, or present an undue hazard to other traffic, pedes
or personnel in a work zone. Deformations of, or intrusions intoj
occupant compartment should not exceed limits set forth in Sg
5.2.2 andAppendix E of MASH.

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

H. Occupant Impact Velocity (OIV) (see Appendix A, Section2250of
MASH for calculation procedureshould satisfy the following limits

Occupant
Risk Occupant Impact Velocity Limits
Component Preferred Maximum
Longitudinal and Lateral (5’ 2 frtr/js) (éozﬂr/r?/s)

l. The Occupant Ridedown Acceleration (OR(see Appendix A
Section A5.2.2f MASH for calculation procedure) should satisfy {
following limits:

Occupant Ridedown Acceleration Limits

Component Preferred Maximum
Longitudinal and Lateral 15.0 g 20. 49
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4 SELECTION OF POLE PLACEMENT THROUGH LS -DYNA SIMULATION

Computer simulation was utilized to select critical impact points and critical pole location
for the fullscale crash test®\ baselire model of a 2$ost, 175ft (53.35m) long Midwest
Guardrail System (MGS) was validated with test nos. 2214viad 2214MG3 using NCHRP
Report No.W179 procedures for verification and validation of computer simulations used for
roadside safety applicatiofis-2, 21].

TheMGS model incorporated 7. (1,830-mm) long, W6x9 steel posts with <112, (305
mm) deep blockouts, as showrFigure7. The upstream and downstream ends of the system were
anchored with the MGS trailingnd anchorage with two BCT posts on each &2f [The post
soil resistance was simulated with lateral and longitudinal springs for the steel posts and
downstream anchor posts considering the computational efficiency, and with @ ERuager soil
element material for the upstream anchor posts to represent soil resistance more accurately.

(b)
Figure7. Finite ElemenModel of MGS (a) System Layoutind(b) End Anchorage
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Table8. Summary of MGS Model Parts and {L5NA Parameter$23]

Part Name Element Element Material Tvoe Material
Type Formulation yp Formulation
BelytschkeSchwer, 6x191J 0 Moment,
Anchor Cable |~ Beam Resultant Beam Wire Rope Curvature Beam
Anchor Post Solid Constant Stress Sol ASTM A307 Rigid
Bolt Element

Anchor Post -

Bolt Heads Shell BelytschkeTsay ASTM A307 Rigid

Anchor Post Solid Constant StresSolid ASTM E844 Rigid
Washers Element

BCTP,gQE:hor Solid | Fully Integrated, S/R Wood Plastic Kinematic

Bearing Plate | Solid | CONStaNt Stress Solf oy g Rigid

Element
Blockout Solid Fully Integrated, S/R Wood Elastic
Blockout Bolts |  Shell BelytschkeTsay ASTM A307 Rigid
. . DRO=Translational Spring,
Bolt Springs | Discrete Spring/Damper ASTM A307 Non-Linear Elastic
GroundLine Piecewise,
Strut Shell BelytschkeTsay ASTM A36 Linear Plastic
Post Soil Tubeg  Shell BelytschkeTsay Equivalent Soil Rigid
Line Post . DRO=Translational . : Spring,

Soil Springs Discrete Spring/Damper Equivalent Soil General NorLinear
WW-Beam Fully Integrated, | AASHTO M180, Piecewise
Guardrail Shell y 9 ’ 12-Ga. . '

: Shell Element . Linear Plastic
Section Galvanized Stee
Fully Integrated, ASTM A992 Piecewise,
W6x9 Post Shell Shell Element Gr. 50 Linear Plastic
Anchorage Soil|  Solid Constant Stress Soll Qrushed Drucker Prager
Element Limestone

A series of omputer simulationsvere conducted withhe MGS withnearbypoles to
determine the minimum sali&eralpole offset based awmsks ofrail pocketing, raitupture vehicle
instability, and othehazardsThe analyssprimarily focused oMASH TL-3 impacts witli2270P
vehiclesdue toincreasedlynamic deflections, but several simulationg 1100C vehiclempacts
werealso performedo ensure that thiateralpole offsetwassafefor small cas.
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4.1 Evaluation Criteria

The pesence of a pole behiralguardrailmay causevehicle snag on the polepgis
impactingthe pole, and interaction between the deflected rail and thegtladéywhich may affect
the guardrail és ability to safely contain and
vehicle decelerations and instabilities. Intti@n between a deflected guardrail system and a pole
can cause pocketing and increased loading to the guardrail. Thus, several suitéreas vehicle
stability, occupant risk measures, rail pocketing, vehicle snag on pole, rail deflection, andrail loa
were evaluated in each simulation.

Euler angles, including roll, pitch, and yaw angles, were used to evaluate vehicle stability.
Roll and pitch angles should not exceed 75 degrees according to M3SBdcupant risk
measures, which evaluate the aegof hazard to the occupants in the impacting vehicle, included
the longitudinal and lateral occupant impact velocities (OIVs) as well as longitudinal and lateral
occupant ridedown accelerations (ORAs). According to MASH, longitudinal and lateral occupant
impact velocities should fall below the maximum allowable value of 40.0 ft/s (12.2 m/s). MASH
also states that longitudinal and lateral ORAs should fall below the maximum allowable value of
2 0. 4 Q). Ig d@dditiod,all post deflectiongn theimpact regionvere examined to evaluate the
pole-post interactioras well as its effectsn snag,deceleration, and prevention of pole release.

Maximum pocketing anglesialso a concern, as excessive pocketing angles can affect a
systembébs capability to safely contain and red
angle between the deflected rail during the impact eveninéred guardrail orientationln some
situations, the rail can form a pocket between two adjacent posts due to large lateral rail
di spl acement, which may i mpede the vehicl ebs
pocketing angle for each simulation was calculated by tracking adjaodes on the rail to
determine barrier deflections. The pocketing angle in the baseline simuationo polewas
39.2 degrees.

The maximum rail load was also examined. The MG$8&&m railconsistedf AASHTO
M180 stee[24], with a minimum ultimate strength of 70 ksi (482 MPa), which correlates to a rail
tensile strength of 112 kips (498 kN) at the splice and 141 kips (627 kN) in treedtitbn In
another sidy, the maximum rail tensile strength of the MGS®am was estimated in a range of
92 to 98 kips (409 to 436 kN) at a spli@d|[

4.2 L. S-DYNA Baseline Simulations

An existingbaseline model of the MGS impacted by a 2270P pickup truck was validated
with the results from the test no. 2214MJ1]. In test no. 2214M&, a 5,00db (2,268kg)
pickup tuck impacted the steglost MGS, which had 3%in. (787mm) top rail mounting height,
wasinstalled in standard seidind with standard post spacing, at an impact speed of 62.9 mph
(101.2 km/h) and an angle of 25.5 degrees.

The ralucedelement, 2270P Chevrolet Silverado pickup truck model, originally
developed byhe National Crash Analysis Center (NCA&)d modified by MWRSF, was utilized
to simulatetest n0.2214MG2 [26]. The 5,0041b (2,270kg) pickup truck model impacted the
steelpost MGS installed in standard soil and with standard post spacing at an impact §2#&d of
mph (100 km/l) and an angle of 25.4 degrees. A summary of the results from numerical simulation
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and test no. 2214MQ@ is shown infable9. The simulation and fulécale crash testere compared

using NCHRP Report No. W179 procedures for verification and validation of computer
simulations used for roadside safety applicat[@if. The full V&V (Validation and Verification)
comparison is shown in Appendix A. A comparison between the actual and finite element
simulation of test no. 2214M@ is shown irFigure8. In thetest dynamic deflection was.2 in.

(30 mm) lower as compared to the simtiban. Simulatedmaximum roll anglelongitudinal and
lateral ORAs were highdhanin the actual tesHowever the simulation met the V&V procedure
requirements. Térefore, the model was utilized for further numerical studreshis study, the
differences between the test and simulatesultswere considered when evaluating the results.

Table9. Summary of Crash Test No. 2214M&GandSimulation Results

DMna"olxrﬁic Length Max. Max. Max. Lon Lateral Long. | Lateral
Evaluation ynar Contact Roll Pitch Yaw g o o
Deflection ORA | ORA
Parameterg ft ft Angle Angle Angle (go| (go ft/s ft/s
m) (m) (degrees)| (degrees)| (degrees) 9 9 (m/s) (m/s)
Physical 3.64 33.8 R R R 15.32 15.61
Test (1.19) (10.3 4.81 1.84 45.74 8.23 6.93 (4.67 4.76
. . 3.74 29.5 14.53 16.37
Simulation 11.67° 3.17° 46.21° | 11.16 | 9.05
(1.19 9 (4.43 (4.99

Figure8. 2270 Vehicle Crash: Test No. 2214M&{left) and Simulation (right)

A Toyota Yaris modeldeveloped by NCAC and modified by MwRSWas usedo
simulate test no. 2214MG[26]. The 2,775lb (1,258kg) passenger car model impacted the MGS
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installed in standard soil anging astandard post spacing at an impact speed of 62.1 mph (100
km/h) and an angle of 25 degreéssummary of the results from numerical simulation and test
no. 2214MG3 is shown inTable10. A comparison between the test and simulatesultsare
shown inFigure9.

Table10. Summary of Crash Test No. 2214M8Gand Simulation Results

Dl\/r|1aa\);ﬁic Length Max. Max. Max. Lon Lateral Long. | Lateral
Evaluation ynam Contact Roll Pitch Yaw 9 olv ol
P Deflection ORA ORA
arameters ft ft Angle Angle Angle (go| (go ft/s ft/s
(m) (m) (degrees)| (degrees)| (degrees) 9 9 (m/s) (m/s)
Physical 3 27.3 o o 14.8 17.1
Test 0.9 8.3 12.8 5.7 28.6 16.1 84 4.5 (5.2
. . 2.3 25.6 18.5 22
Simulation 3.5° 2.4° 41.0¢ 13.3 10.1
0.7 (7.8 (5.9 (6.7

Figure9. 1100C Vehicle Crashtest No. 2214M&3 (left) and Simulation (right)

The full V&V comparison is shown in Appendix Bhe simulation did not meet the V&V
procedure requirements primarily due to differences in maximum barrier deflection and maximum
vehicle roll and yaw. Theimulateddynamic dellection was 1ercenfower thanobserved in the
crash test, and the roll angle was 8 degl@@srin the simulatiorthan observed in the crash test
In the test, four posts deflecteéd/hile in the simulation, only three posts deflected during car
impact. The 1100C Toyota Yaris model was geometrically different than the 1100C Kia Rio used
in the crash test. Thus, the results were expected to differ. These differences were comsatered
determning the critical impact point and pole placement for MASH tes3-10.
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4.3 Determination of Critical Impact Points

Prior to simulation of the MGS with an offset pole, it was desired to determine the critical
impact point(CIP) along the MGS that would beast detrimental for interaction ¢ieMGS and
vehicle.According to MASH, the impact point should be selected to represent the critical location
along a barrier system that will maximize the risk of test failti@. longitudinal barriers
including the M5S, CIPs are selected to maximize loading at rail splices and maximize the
potential for wheel snag and vehicle pocketiBgsed on the general MASH recommendation,
testing agencies are encouraged to utdineore detailed analysis, such as computer strn,
to estimate the CIP location for each fstlale crash testhus, several impact points along the
MGS were evaluated through numerical simulations without a pole to determinenghet
location thatcould maximize the risk of test failure in terno$ increased occupant risk values,
deflection and potential for snagging and potikg if a pole was presenthese simulations were
conducted to provide an insight into critical locations of impact on the MGS without pole, more
refined simulations werg@erformed to determine the critical pole location, as detailed in the
following chaptersThe critical impacpointfor the 2270P pickup test waletermined to beia.

(100 mm)downstreanfrom postno. 11, as shown ifrigure10a. This impact point maximized the
MGS deflection, the longitudinal ORANd the potential for snagging.summary of the results
simulated avarious impact points on the MGS is shownTimble11. Thelateral and longitudinal
OIVs weresimilar for all impact points with averages &6 ft/s (4.9 m/g and15 ft/s(4.6 m/9,
respectively.

Table1ll Summary of Simul&dResults withvariedImpactPointsi TestDesignatiorNo. 3-11

Lateral Longitudinal '\I/Dla)r(1|21rrl1jir2 Pocketing
Impact Point ORA ORA );I . Angle
(0%) (o) et | (deg)
in. (mm)
4 in. (100 mn) Downstream
from PostNo. 11 6.09 13.69 47 (1,199 392
Y4 Span
Downstreanfrom PostNo. 11 6.22 755 451,149 328
Mid Span
Downstreanfrom PostNo. 11 734 11.04 43 (1,080 380
Y, Span
Downstreanfrom PostNo. 11 9.06 1117 45 (1,140 334

Moreover, a series of simulations was conducted using a passenger car impacting the MGS
at various impact pointg.or the passenger ceaise the critical impact point on the MGS that led
to maximum rail deflectiof29.8 in. 757 mn)), maximum vehicleoll angle(14.3 degreespnd
high occupant risk value@ateral ORAof 1 2. 7 gdbés and df b4 g gvéseatthe n al Ol
mid-span between post nos. 11 and 12, as sho#igure10b. A summary of the results is shown
in Table12 The lateral and longitudinal OIVs wesanilar, with averages 018.4 ft/s(5.6 m/3
and21.6 ft/s(6.6 m/9, respectively.
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Table12 Summary of Simul&dResults withvaried Impact Point$ TestDesignatiorNo. 3-10

Lateral Longitudinal '\ga)r(]';nnt:irg Pocketing] Maximum
Impact Point ORA ORA ynam Angle | Vehicle Roll
(gbs (gbs [_)eflecnon (deg) Angle (deg)
in. (mm)
4 in. (100 mm) Downstream
from PostNo. 11 10.3 13.3 26.9 689 18 3.5
Y4 Span
Downstreanfrom PostNo. 11 10.5 15 28.2(117) 18 4.5
Mid Span
Downstreanfrom PostNo. 11 12.7 14 29.8 (57) 18 14.3
¥4 Span
Downstreanfrom PostNo. 11 10.6 12.7 26.9 683 17.5 2
12 13 14 15
i i i i ‘B
(@)
13 14 15

(b)

Figure10. Critical Impact Pointg(a) Test DesignatioNo. 3-11 and(b) Test Designatiohlo. 3-

10
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4.4 Pole Model

Computer models o& 50-ft (15.25m) tall pole with a 9-in. (228 mm) tall base were
generated using a fine mesh, as showkigure 11. An automati¢ singlesurface contact was
provided for the pole, vehicland MGS contact. Ithe LSDYNA simulations, the pole and base
were modeled as rigid parts that eeonstrained in all directionsing MAT_RIGID. Thus the
pole could not brealeway. Accurate modeling of the breakaway mechanism of the pole was out
of the scope of this pregt. As such, this modification would lead to a more sesenelated
impact as compared to the actual test and thus a more conservative pole placemeahe A$s0
of the rigid pole would still provide insight into the potential for barrier and vehtbeaction
with the poleThe pole has &0-in. (254mm) diameter at the base aaé-in. (152mm) diameter
at the top.Two aluminummaterial models were utilized to represent the pole and begerial
parameters areummarizedn Tablel3.

Figurell. Computer Model of Polend Base
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Table13. Summary of Material Parametds Pole Base Model

Material Youngobss Density Poi so
(GPa) (kg/mn?) Ratio
MAT _20 (Transformer Base, A3586) 72.4 2.67(10°) 0.33
MAT_20 (Pole, Al6063T6) 68.9 2.6(10° 0.33

4.5 Determination of Critical Pole Offset
4.5.1Determination of Critical Pole Offset for Test Designation No. 3.1

The baseline simulation was modified to simulate a 5;@042,270-kg) pickup truck
impacting the MGS with a laterally offset pole and investigate the interaction between the vehicle,
pole and MGS. In order to identify worsase scenarios, pickup truck imgamto the MGS
model were simulated when the pole was placed behind the guardrail with the front face of pole
laterally 12 in. to 28 in. (305 mm to 711 mm) behind the back of posts. The centerline of the pole
was also shifted longitudinalgwayfrom thecenterline of the posts along the barrier to maximize
vehicle interaction with the barrier and pas shown irFigurel12.

Longitudinal Offset e

i o

I Lateral Offset

i [ I i

T T T

12 13 14 15

Figure2. Longitudinal and Lateral Offset of Pole with Respect to MGS

In the baseline model, four posts (post nos. 12 to 15) deflected when impacted by the truck
model. Thus, longitudingbole offsets fromthe four posts were considered. The longitudlina
offsets studied included: 0 in. (i.pole placed directly behind the pot)8; 12; 16; 20; andmid-
span37.5 in. (102203 305, 406, 508 and 953 mm).

The 2270P moe&l impacted the MGS at the CIP,4m. (100 mm)downstream from post
no. 11. Preliminary analyses indicated that lateral pole placement closer than(45imm)
behind thepostcaused aggressive impaetigh the rigid pole, and reliable resultould not be
obtained. One case withl2-in. (305mm) lateral offset was studigbut the simulation did not
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complete due to unresolvable errdpsle offsets of 24 and 28 in. (610 and 711 mm) behind the
MGS did not appear to be critical to the barrier performance, as the vehicle had minimal interaction
with the pole. Thus, lateral offsets of 16, 18, and 20 in. (406, 457, and 508 mm) were selected for
further analgis

4.5.1.1Vehicle Behavior

Vehicle behaviorwas examined to evaluate the potential for safe vehicle redirection
withoutinstability. In all simulationsthe vehicle was smoothly redirected without any significant
override or underride. Howevesll three lateral offsets resulted in increasezhiclepole
interactionwithi ncr eased vehicl eds r drigurelalinttis figurettheh an gl
X-axis represents the post number in the MG offset of thedata poins from the post number
in the xaxisrepreserdgtherelativelongitudinal offset of the pole from tressociategbostin the
MGS (except the baseline data point). For example, the data points wititdloedinate of 12.5
represent the cases where pole was placed aspaid between posts nos. 12 andAlBangula
displacement angles were within MASH limits.

24



June29, 2017
MwRSF Report NoTRP-03-361-17

-20
-18 X
-16 ® "
o
X X A 2 ) ..
-14 L SV Y
~ A ¢ XA >A<
D -12 A A
3 . e R+ f X A
= Baseline ° Ad AA
2L 10 X
< g /- —=—==- A e X e 2<_ ______ —_ = ————
S oKl @ o *4 A X
o
-6
X X
-4 . nllll(lG ill.)
2 A Lat. Offset 457 mm (18in.)
XLat. Offset 508 mm (20 in.)
0 :
11 12 13 14 15 16
Post Number
(a)
16
@ Lat. Offset 406 mm (16 in.)
14 - Alat. Offset 457 mm(18in.)
X
X Lat. Offset 508 mm (20 in.)
12
8 10 é °
=)
Py o a
) A A
[ 8 A ,
< _ 1' ST
S Baseline X % X
a ¢ \ & £ o =
EO " S It W SR> S
% S
Ao
¢ 2A . A X It
®X o X r A
2 2 A % oo
° X
0
11 12 13 14 15 16
Post Number
(b)
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4.5.1.20ccupant Risk

Occupant risk values were calculated for each simulation utilizing the local accelerometer
node at the vehicl eds cent er MASH fulgscadecrash testsa n d
Themaximumoccupant ridedown acceleration obtained from theDlYNA simulations at 16-
in. (406-mm) offset is shown ifrigure14. The xaxis represents the post number in the V&
y-axis indicates the longitudinal ORAs valuBsita labels represent the longitudinal offset of the
pole from the post no. associated with thaxis.

As shown inFigure 14, cases with the pole offsatvayfrom post no. 13had increased
lateral and longitudinal ORAs, which indicatbe potential fomore aggressive contact between
the pole, barrierand vehicleA similar trend was also observed f0&-in. (457-mm) and20-in.
(508-mm) lateral pole offsetsas shown irrigurel15.
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For all lateralpole offsets from16 to 20 in.(406 to 508 mrj the longitudinal ORAS
exceeded the acceptable MASH value with some longitudinal pole offsets. These cases mostly
involved the pole at any longitudinal offsetzayfrom post no. 13 where maximum pole, barrier
and vehicle interaction occurrefls shown irFigurel14, the maximum longitudinal ORA occurred
when the pole was located at@in. (406-mm) lateral offset andra8-in. (203-mm) longitudinal
offsetawayfrom post no. 13. In this simulation, thev i cl eés wheel snagged
the base of the palas shown ifrigure16. The magnitude ofiese large lateral and longitudinal
ORAs values were not exged infull -scalecrash testing as the actual pole may besaky during
testing and induce less resistance than the simulations predicted. loradd@tDYNA tends to
predictslightly larger lateral and longitudinal ORAscomparedo the crash testingesults which
also occured in the baseline simulation comparisalue to lack of failure in wheel, tire, and
suspension model assembly. Therefore, the large simulated lateral and longitudinal ORAs were
deemedinlikely to occur inthephysicaltestingandwould be further evaluated with crash testing.

However, these decelerations did indicate increased vehicle and barrier interaction with an
offset pole and raised the potential ftagradationn barrier performance. For the cases with the
pole located a#-, 8, 12-, and 16in. (102, 203, 305, and 406mm) longitudinal offsets, more
aggressive behavior occurred as compared to the cases when the pole was placed directly behind
the post or amid-span Thismay be attributed to the wheel snagging on the base of theAsole.
shown inFigurel7, thesimulatedateral and longitudinal peak decelerations comgdthat a pole
offsetdownstreanfrom post no. 13 maximizkpole, barrier, and vehicle interaction.

o

Figure16. Maximum Vehicle, Barrierand Pole Interaction 16-in. (406-mm) Lateral Offset
and8-in. (203mm) Longitudinal OffsetAway from PostNo. 13
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4.5.1.3Rail Pocketing

Ex c

a vehicle. The simulatedpocketing angles are shown kilgure 18. The pocketing angle in the
baseline simulation was 39.2 degreHse pole did not significantly increatiee pocketing angle
over the baseline simulatioA. maximumsimulated pocketing angle of 46 degrees observed
for apole placed atlateral offsepf 18in. (457mm)anddid not appear to beitcal as the pickup

essive

truck was redirected.
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Figurel8. Rail Pocketing Angle 2270P Vehicle

4.5.1.4Vehicle Snag

In simulations, two mechanisnfer vehicle snagon the pole were identifiedender
snagging(shown inFigure19a), andwheelsnagging ghown inFigure19). The wheel snagn

16

a

SY ¢

the pole appeared to be responsible for increased vehicle instability and occupant risk values. In
the simulations, the maximuhateralsnag distancevas greater fothe fender snag as compared

to the wheel. A maximunfiender snagpf 14 in. (356 mn) ocaurred as shown irFigure 20.

However, fender snag was likely overrepresented in the simulation due to the lack of pole fracture.
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Figure19. 2270P Vehicle Snada) FenderSnagand(b) Wheel Snag
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Figure20. Maximum2270PVehicle Snag

4.5.1.5Rail Deflection

The maximumsimulateddynamicrail deflectiors at 16-, 18-, and 26in. (406-, 457, and
508 mm) lateral poleoffsets is shown inFigure 21. In most cases, the pole restrictedl
deflectiors by up to 30 percerds compared to the baseline case without a pole. Howtbese
reducedbarrier deflections were not believed to be detrimental to the barrier perforsianee
the truck was #t smoothly redirected.
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Figure21l. Maximum Rail Deflection- 2270P Vehicle

45.1.6TensileRail Load

Themaximumsimulatedtensilerail loadat16-, 18, and 26in. (406-, 457, and 508mm)
lateral poleoffsess is shown irFigure22. The maximuntensileload on the rail wa6 kips(293.5
kN) when the polewas locatedat a 16-in. (406mm) lateral offset anda 4-in. (102mm)
longitudinal offsetawayfrom post no. 12Rail rupture was not a concern as the loads were well

below thetensilecapacity of the rail.
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4.5.1.7Critical Pole Placement

In all simulations, the vehicle was captured and redirected at |ptdesdffsets of16 in.
to 20 in.(406 mm to 508 min Among all evaluation criterigncluding vehicle stability, occupant
risk, rail pocketing, vehicle snag, rail deflectiandrail load large longitudinaDRAs and vehicle
wheel shagopn t he pol ebdbs base were found to be the
downstream from post no. 13 increased longitudinal ORA and wheel snag. Based on the
simulationsresults a 16-in. (406-mm) lateral pole offseawayfrom the back of the MGS posts
was considered the minimuateraloffset that could reliably be evaluated with-DS'NA without
modeling the breakaway mechanism. Tian. (406-mm) lateral offset had a reasonable chance
of passingMASH safety criteriaas the large ORAs would nbelikely to occur in a crash test if
the polebrokeaway or if the impacting tire disengaj&equential photographs for the simulation
with the most critical pole offséte., pole located with 46-in. (406-mm) lateral offset andra8-
in. (203mm) longitudinal offseawayfrom post no. 13) are shown kigure23.
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Figure23. Sequential Photographksin. (406 mn) Lateral Offsetand8 in. (203 mm)
Longitudinal Offset from Post No. 13
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The project sponsor recommendesinga 2Gin. (508 mm) lateralpole offsetbetweerthe
MGS and the polgo allow sufficient clearance between &i80(762mm) diameterconcrete
foundationandinepost s. The | | | iout egqusemdnbbeHind theygbasdrail post v e
was 15 in. (381 mm), and the -2Q (508 mm) lateralpole offset allowsa 10-in. (254-mm)
clearance from the badi steelpost to the sidef theconcrete foundation. Other studies indicated
that a #in. (178mm) clear distance in thizaveout will not negativelyaffect post rotation and
deflection P7]. In addition, constructability of the pole foundation and posts would be easier with
the largerateral offset. It was also believed that the-i20 (508 mm) lateralpole offset would
improve the performance of tktembinationMGS and thepole systemas compared to the 46.
(406-mm) lateral offsetBased on the simulations, the-@20 (508 mm) laterapoleoffsetprovided
fewerconcerns in terms of occupant risk, vehgtiability, roll and pitch angles, pocketing angle,
rail load, and vehicle snagging as compared to the case&irth (406 mm) lateralpole offset
Thus, a 2dn. (508 mm) lateral pole offset was selected foevaluation usingMASH test
designation no.-31 crash test.

Given a 2@6in. (508mm) lateralpole offset, it was necessary to determine the critical
longitudinal pole offset. It was observed that the posts do not deform in tharsamerin the
crash tests andimulations Therefore, previous tesgnof a MGS to portable concrete barrier
(PCB) transition (test no. MGSPEB was analyzed to determine more precise post deflection
trajectories and interaction withbstacle [28]. In test no. MGSPCH, a 5,079b (2,304kg)
pickup truck impacted the PCB to MGS transitias shown ifrigure24, at a speed of 63.2 mph
(101.7 kndh) and at an angle of 25.3 degrees. In this test, one of the posts (post no. 16) twisted,
bent downstream, and hit the end of the portable ctnbagrier, as shown fRigure25. Similar
post interaction was expected to occur with the presence of a pole. The trajectory of post no. 16 in
test no. MGSPCH. (that represents post no. 13 in the present evaluation study) was closely
examined with respect to the candidategitudinalpole offsets of 8, 12, 16, 20, and 24 in. (203,
305, 406, and 610 mm), as showrFigure26. The longitudinapole offsetawayfrom post no.
13 was selected to ensure that the post would have the maximum engagement with the pole upon
vehicle impact. Accordingly, a 2@. (508 mm) lateral and 24n. (610mm) longitudinal pole
offsetawayfrom post no. 13 was recommended dgaluaion underMASH test designation no.
3-11, as shown ifrigure 27. Sequentialphotographof the simulation with recommended pole
placement for testo. 3-11 are showmi Figure28.
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Figure25. Test NoMGSPCRB1.: (a) Post Contact with PCB and (b) Barrier Damage
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4.5.2Determination of Critical Pole Offset for Test Designation No. 30

The numerical analysis primarily focused on the 2270P vehicle. However, 1100C vehicle
impacts were also evaluatading16-in. and 20in. (406-mm and 508nm) lateral pole offsetdn
test no. 2214M&3, the maximum rail deflection w&L4 mm 86 in) [2]. The total width of the
MGS is21%in. (540 mm). With a20-in. (508 mm) lateralpole offsetawayfrom the back of the
post, interaction between the deflected rail and pole was not expected to occur. However, the
maximum dynamipostdeflection in test no. 2214MG was27 in.(686 mmn). Therefore, the pts
could potentially interact with the pole with2&-in. (508-mm) lateralpole offsetawayfrom the
back of the posts. Similar to the case of the 2270P pickup impacting the MG Sawnfégdtom
the pole, the vehicle wheel could extend under the railrgadaict with the posts and pole.

Several cases were simulated with the pole lockdad. and 20 inf406mm and 508nm)
behind theback of post and longitudinal offsets varying frdrm. to 16 in(102mm to 406 mm
downstream from the posts where the maximum deflection occurred (post nos. 13 and 14). The
critical impact point wapreviously foundat the midspan of post nos. 11 and 12. Similar to the
pickup truck caseseveral simulation results weggaluaed,including vehicle behavior, occupant
risk, rail pocketing, vehicle snag, rail deflectiaand rail load A comparison of longitudinal
ORAs,shown inFigure29, indicatedthatpole placemenbngitudinaly offsetawayfrom post no.
13 led to larger ORAs as comparedite casesvherethe pole was placetbngitudinaly offset
away from post no.l4. Note, a20-in. (508 mm) lateralpole offset was selectefibr the 1100C
crashtest but the trend was expected to be similar.

Similar to pickup truck case, the large lateral and longitudinal ORAs, which represented
increased vehiclpole interaction, appeared to be the magbortant parameteras shown in
Figure30. A summary of evaluation criteri&ith longitudinal offsets from post no. 13 an@@
in. (508 mm) lateral offsets shown inTable14. Based on the simulation, the critipalle location
for small car testing was20in. (508 mm) lateraly offset andB in. (203mm) longitudinaly from
post no. 13 due to high longitudinaR®s. Sequentiaphotographdor this simulation are shown
in Figure31

However,aresultcomparisorbetweertest no. 2214M& andthe baselinsimuléion, as
shown inFigure9, indicated different p&t deformation and trajectorieds shown inFigure 32,
the trajectory of post no. 16 in test no. 2214MGvastraced and overlaid witlongitudinalpole
offsets 0f8, 12, and 16 in(203,305, and 406 mim A 20-in. (508 mm) lateral andL6-in. (406
mm) longitudinalpole offsetawayfrom post no. 13vas recommended ffdull-scale crash testing,
as shown irFigure33. A 16-in. longitudinal offset was believed more conservative to guarantee
the vehicle would impact pol&imulated squential images fronthe test designatiomo. 3-10
simulation with a20-in. (508 mm) lateral pole offset and &6-in. (406-mm) longitudinal pole
offset are shown ifigure34.
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Table14. Summary of Simulation Results for Tééb. 3-10- Pole a20-in. (508 mn) Lateral
and LongitudinaDffset from Post No. 13

4in. 8in. 12in. 16in.
Case Baseline (202 mm) (203 mm) (305 mn) (406 mm)
long. offset | long. offset | long. offset long. offset
Later al @] 10.5 10.7 13.3 18.7 17.6
Longitudi na 15.4 15.7 26.4 23 19.5
LateralOIV m/s 18.4 16 18 18 18
(ft/s) (5.6 (4.9 (5.5 (5.5) (5.5)
Longitudinal OIV m/s 23.6 31 26 25.5 25.2
(ft/s) (7.2 (9.9 (8) (7.9 (7.7)
Roll (deg) 4.6 6.1 15 117 9.8
Pitch(deg) 1.7 3.4 9 6.5 51
Rail Deflection mm (in.)] 28(717) 30(755 26 (667) 27 (680 27 (685
Rail Load kN (kips) 36 (160 36 (160) 35(159 32.5(144.9 30.6(136)

45



June29, 2017
MwRSF Report NoTRP-03-361-17

@.."

0.000 sec
[}
0.050 sec
N
__L_@\L S
0.100 sec
‘_\___l@\l‘ i i
0.150 sec
0.200 sec
0.250 sec 0.250 se

Figure31. SimulatedSequential Photographs20-in. (508 mm) Lateral Offset an@-in. (203
mm) Longitudinal Offset from Post No. 1®MASH TestNo. 3-10

46



June29, 2017
MwRSF Report NoTRP-03-361-17

32 . :
8in. 12in. 16in.
28
24
Possible
Pole Placement , .
20 —
< :
5 :
§ 16 N Post Trajectory
% -
o .'
>_ L
12 :
8 .
413
4
0 &
4 8 12 16 20 24
X deflection (in)

Figure32. EstimatedPossible Post and Pole Interantio1100C Vehicle

16in. L)

I
11 12 431-2-0 in.
. i °F j L
AN\ 13 14

Figure33. Recommended Pole PlacemEmtMASH TestNo. 3-10

47



June29, 2017
MwRSF Report NoTRP-03-361-17

0.100 sec
0.19 sec

0.200 sec

. i‘ ,//.: X

0.250 sec 0.250 sec

Figure34. SimulatedSequentiaPhotographs 20-in. (508 mm) Lateral Offset,16-in. (406-mm)
Longitudinal Offset from Post No. 1®MASH TestNo. 3-10

48



June29, 2017
MwRSF Report NoTRP-03-361-17

S TEST INSTALLATION - DESIGN DETAILS

5.1Test No.ILT -1

The W-beam guardraibystem was comprised @5 ft (53.25 n) of standardl2-gauge
(2.66-mm) thick W-beamrail segmentsupported by steel posts with a light pplaced20 in.
(508 mn) lateraly behindthe posts as shown irigure35. End aachorage systemsereused on
both the upstream and downstream ends of the guardrail system. Design details are shown in
Figures35 through62. Photographs of the tesistallationin a mirrored orientatioare shown in
Figures63 through66. Material specifications, mill certifications, and certificates of conformity
for the system materials are showmppendix E

The MGS was constructed wiB® guardrail posts. Post nos. 3 through 27 were galvanized
ASTM A992/A70936 steel W68.5 sections measuring ft (1,829 mn) long. Post nos. 1, 2, 28,
and 29 were timber posts measgr5.5 in. X 7.5 in. x 42.5 in(140 mm wide x 190 mm deep X
1,080 mm long)and were placed i6-ft (1,829mm) long steel foundation tubes, as shown in
Figures39and40. The timbeBCT posts and foundation tubes were pathefendanchor systems
that weredesigned to m@icate the capacity of a tangent guardrail terminal.

Post nos. 1 through 29 were spa@édin. (1,905 mm on center with a soil embedment
depth of40 in. (1,016 mn), as shown irrigure37. The posts were placed in a compacted coarse,
crushed limestone materiaith a strength that satisfied MASH criterf@or post nos. 3 through
27, 6-in. x 12in. x 14.25in. (152mm wide x 3®-mm deep x 362nm long) wood spacer
blockouts were used to block the rail away from the front face of the steel posts.

StandardL2-gauge (2.68nm)thick W-beam rails were placed between post nos. 1 and 29,
as shown in Figure35 and38. The top rail height wa31 in. (787 mm) with rail splices at the
midspanocatiors. All lap-splice connections between the rail sections were configured to reduce
vehicle snag at the splice during the crash test.

Thelllinois Tollway standard light pole measurg8 ft (15.25m) tall with a 15-ft (4.6-m)
long mast arnand 0.31in. (8mm) wall thicknessas shown irFigure36. The poleis supported
on a breakaway transformer base manufactured by Hapeopole has 40-in. (254mm) base
diameter and &-in. (152mm) top diameter. Thé&-in. (229mm) tall breakaway transformer base
wasfabricated from 35@ 6 aluminum, as shown in Figur&2 and53. The weights of the pole
shaft and arm mast wer844lb (219.5kg) and 2 Ib (23.6 kg), respectivelyApproximately55 |b
(25 kg of steel plate was added to the end of the luminaire arm to simulate the luminaire weight.
The total weight of the pole assembly was 591 Ib (268.1TH front face of the pole was offset
20 in. (508 mm) laterally behind tiback of theposts,andthe centerline of the pole was offset 24
in. (610 mm) longitudinally from the centerline of post no. 13.
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6"%3" [152x76] 10 Gauge [3.4] Strut

[13] 3___ M=+ 1108]

4 1/4

s 4

[76]

Yoke

4

[102]

i

L1 g
a7/87[22] x
2"[51] slot

Midwest Roadside
Safety Facility

IL Tollway MGS—Pole

Ground Strut Details

CWG. MAME.
Nincs_Pale—MG5_R22

SCALE: 1:18

UNITS: I [mm] (KA
WRiTID

Figure44. Ground Strut Details, Test N.T-1
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80 1/16"

[2033]

|
.
o

Note: (1) 6x25 IWRC IPS cables meet the minimum breakinq] strength of 42.7
kips [190 kN] and may be substituted for the 6x18 IWRC IPS cables.

Midwest Roadside
Safety Facility

IL Tollway MGS5—Fole

BCT Anchor Cable & Load Cell
Detail

[SHEET:

11 of 28
TATE
31342017

ORAWN BY:
Tun/ e

CWG. WAME. SCALE: 18
Ninoia_Pale—WGS_R22 UMITS: In.[mm]

REV. BY:
it

Figure45. BCT Anchor Cable and Load Cell Detail, Test NoT -1
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\ 30 1/2"

[775]

15"
[381]
2 1/2"

[1??:3] [64 11 |’—[12?]
@1” ;| ________ / ‘

‘l o1 1/4"

@3/4
[19]

PLAN VIEW

29

[65]

4

.

/16" [86]

ELEVATION VIEW
Part c3

, Ea IL Tollway MGS—Pcle

[25] @1"—UNC 8 [25x3] [32]
Part <1
p2 3/4"
“ [?1 1 1/4"
[6] _J—
_*_F’LAN VIEW
R3/4" R1 3/B"
[20] [35]
[95]
™
3/4"
[Z{U]
ELEVATION VIEW PROFILE VIEW
Part c4

Midwest Roadside
Safety Facility

SHEET:
12 of 28
DATE:
313207
ORANN BY:
Modified BCT Anchor Cable Tan/0me
C'WG. NAME. SCALE: 1:4 REV. BY:
Hincia_Pale—W3! UNITS: In, KAL/RNE,
noia_Pale—WGS_R22 n[mm] MP]?@D'I /

Figure46. Modified BCT Anchor Cable, Test NGL.T-1
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[35]
R3" 7y
R1 5/B" 76] .
[41] T -
|
|
S B _
! 5 3/8"
- [137]
! 3[;;?- 1 3/8" R2 5/8"
[35] [67] _
s T R1 1/4" )
[32]
| S I I, L N "
- | 6 1/2
2] T [165]
ELEVATION WIEW PROFILE VIEW 4" T
[102] Py
I
FT T T, —_—
Y Aoy G \.1::] ELEVATION VIEW PROFILE VIEW
\\_ i1 - . I\ /A
@1 1/2" R1 9/18"
e - [38] [40]
PLAN VIEW
Part &
PLAN VIEW
Part c6
[SHEET:
IL Tollway MGS—Pole 13 of 28
[oaTE |
3132017
DORANN BY:
Midwest Roadside Shackle and Eye MNut Detail Tan/oe
Safety FCI CI|It)f DWG. }fmz. Sx;ﬂ.LE 14 [REV. BY:
Ninoia_Pale—MGS_R22 UNITS: In.[mm] mﬂa{

Figure47. Shackle and Eye Nut Detail, Test NioT -1
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" 8 1/2" 2"
E![?2212’22] " [241 ﬂ‘ T s
43 3/4" @3/4" [19] =« 2 1/2" [64] Slot ~=5 =
s : %50 1t
r 4 {4)
= == E [ EN—— (TVP)
— |l -]
37 1/2° | = =
L [953] — #3/47 [19] x 2 1/27 [64] Slot (TYP) \
(vP) PROFILE VIEW 5 = =)
ELEVATION VIEW bart a3 s 1+ L
[158]
162 1/2" DETAIL G
[4128] SCALE 1 : 10
43 3/4" 37 1727
I —_ - [953] —
[1111] (vP)
—_— = = r— — "
== = 4
_.Emz;._
@3/4" [19] x 2 1/2" [64] Slot (TYF) VP
ELEVATION VIEW / \
Part al
/ hY
[ o O o o \
I 1
162 1/2" % /
57 1/27 [#128] g3" ]'l\ e 2 K f;’l
[1461] [2362]
@3/4"
= —— — = DETAIL H (TYP)
= —— = SCALE 1 : 10
4 37 1/27
43 3/47 \\—"‘H . [955] . ?3/4" [19] =« 2 1/2" [64] Slot (TYP)
[1111] (TYP)
ELEVATION VIEW SHEET:
Part a2 IL Tollway MGS—Pole " or 20
[DATE |
3/13/2017
Midwest Roadside| e Section Detals ot
Safety FG Cillty DWG. }4_I.A!||E. [SOALE: 1:30 REV. BY:
Hinoia_Pale-WGS_R22 UNTS: In.[mm] mma{

Figure48. Rail Section Details, Test NQ.T-1
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, 4
| [356] | e
I [102] [14]
( I—
@[E;féf]l" 5/B-11 UNC—/
. Part f1
*"[315]2" @5/8" 9/16"
{ [16] E[M]
5/8—11 UNC bt 2
| 7 1/2" | .
| (1e1] 1 7/8" }_ ?2/64]
E _'__E‘iﬁll_ﬂ
| @7/8" 7/8-9 UN;B‘
[22] Part 3
[;g;] '
9/16"
_.1[%?1. [14]
]
@5/8" —
[16] — 5/8=11 Unc Part f4
1 1/2" @5/8" -
- 138) g [16] gg[fﬂf]
5/8-11 UNC bart 5
| 10 18"
| [254] e [/;4]
q [102]
L ‘23[51/5?“ 5/8-11 umc—/
Part 76

ELEVATION VIEW

Part g1
$2 1/47
[57]
@15/16"
[24]
ELEVATION VIEW
Part g2

1/8"
% [3]

FROFILE VIEW

3/16"

iy

PROFILE VIEW

Midwest Roadside

IL Tollway MGS—Pole

Guardrail Hardware Details

[SHEET:
15 of 2B

TATE
31342017

ORANN BY:
Tan/aEc

CWG. HAME.
Hinoia_Pale—W2S_R22

Safety Facility

SCALE. 13 |REV. BY:
UNITS: In[mm] mmu[

Figure49. Guardrail

Hardware Details, Test NbT -1
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Foundation

192 1/4"

[4882]

Ground

7

L Pl Y A B IR

Line

PLAN WIEW

ELEVATION VIEW

SCALE

Notes: {1} Pole haond hole is located on the upstream side of the

pole.

DETAIL |

1:8

(2) 5/8" [16] dia. through hole in the truss arm for
ballost attachment is to be field drilled.

Midwest Roadside
Safety Facility

IL Tollway MGS—Pole

Mincis Tellway Pele Details

[SHEET:

18 of ZB

CWG. HAME.
Hincia_Pale—W2S_R22

SCALE. 150
UNITS: In[mm]

Figure50. lllinois Tollway Pole Details, Test NeLT -1
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4 | —(2) 1/47 [6]-20 x
[102] r 3/4" [18] Long 55 3"
/ Flat Head Screws [76] 7]

—]

Flush Fitting
Aluminum Door_\
! s
|
N
| (s .
| | 1293 | e ([
| I B i | th
| \ ./ ’ [1s2] |1 ke
P ey ||
| i il
18" i
[45?] i i
-
@ 15" | I
m [381] ! |
II” dB :
s | |
I ! !
e [F e
,; PN
i U
 f el
|
N Lt it A i

; DETAIL K

@ SHEET:

, IL Tollway MGS—Pole 17 ot 28

DETAIL J DATE:
/1342017
Eole B‘i,se G[;‘Idt '_I;russ DRANN BY:

Mote: {1) Pole Bose (Part d2) connects to the foundation's four Midwest Roadside| “°mnecten -t R
anchor bolts {Part h1) using hex nutzs {Part h2), flat washers Safety FGCI“ty DG, HAME. SCALE: 1:7  [REV. BY:
{Part h3), and lock waoshers {Part h4). Winoia_Pale-W35_R22 UNTS: In ] AL/ENE/

Figure51. Pole Base and Truss Connection Detail, TestNo-1
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2'-8 B
[813] (81
R5"
127]
PLAMN VIEW
o
T [102] ]
T
27" 4" m
[8331] i i
Taper : :
0.13" [3] / ft @5/15"_/ g | i
[B] 203 i i
(TYP) [ ]
) /’j \{\ 4 3/8"
ELEVATION VIEW (ot iy [111]
Flush Fitting Aluminum Door I ¥
L SCALE 1:4 .
14
f [356] !
DETAIL L
B10
[254
Wk
[4572]
E_ @11" SHEET:
Q [279] : IL Tollway MGS—Pole 18 of 28
DATE-
PLAN VIEW W fem
ELEVATION VIEW Bols Detail ORAKN BY:
SCALE 1:85 Bart d1 Midwest Roadside o
Safety Fa CI|It)' CWE. }f.AHE. [SCALE: 1:10 ’ﬁ\.«_ BY:
Nincia_Pale—WM3S_R22 UNITS: In.[mm] K»\%Rwuf
MP/TID

Figure52. Pole Detail, Test NdLT-1
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15 13/16"
[402]

PLAN VIEW

51:" Ir 3 :5! J
[127] | [229]
f =L ;
I|.\"|1'I“'|"l_‘l' _____ ‘l_r'TJ‘I‘H_jl {
7 1/4"
= [184] —
14 3/4"
f [375]

ELEVATION WIEW
Part d2

Note: (1) The pole (Part d1) is attached to the base using hex head
bolts and nuts {Part d4} and flat washers (Part d5) and (Part df)
provided with the base assembly (Part d2).

BOTTOM VIEW

Midwest Roadside
Safety Facility

SHEET:

IL Tollway MGS—Pole 19 of 28
[DATE |
/132017
ORAAN BY:
Anchor Base Detail Tanae
TG, NAME. SCALE: 1:10 |REV. BY:
Winsia_Pale_WGS_R22 UNITS: In[mm] %ms;

Figure53. Anchor Base Detail, Test NALT-1
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180"

| [4572]

PLAN VIEW

Upper mast arm made from 3 1/2" [88] CD
x 0.125" [3] wall aluminum tube topered to 2
3/8" [60] OD and flottened to 4 11/32 [110]
x 2 3/8" [60] elliptical cross section.
683"
[1600]
ohn
[533]

ELEVATION
Part d3

Lower mast arm made from 2 3/B" [60] OD
» 0.124" [3] wall aluminum tube flattened to
3 [76] » 1 1/2" [38] elliptical cross section.

VIEW

3/16" [5]l7

Mote: (1) Connecting bolts and hex nuts {Part d7), flat waoshers (Part d8), and

lock washers {Part d9) are provided with truss assembly {Part d3).

(2) 5/8" [16] dia. through hole in the truss arm for ballast attachment is
to be field drilled.

Midwest Roadside

SHEET:

Safety Facility

IL Tollway MGS—Pole 0 of 28
TATE:
3£13/2017
ORAKN BY:

Truss Detail Tun/ e

DG, NAME. SGALE: 1:25  |REV. BY:

Winoia_Pale-MWG5_R22 UNITS: In.[mm] mﬂa{

Figure54. Truss Detail, Test NdLT -1
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3 1/2"

96"
[2438]

JI:UEZ] _ _ { [ag]*

a 3/4"

[222]

————————qf————————f—f—7

RUNRE NRNUUR. o

&

i

ﬁ
i
i /?"" i
/.
- ”;_(____
v

(O S ————

= 3" CC
| o
' [76] PLAN VIEW
' |
== ;
]

Note: (1) Pole Base (Part d2) connects to the foundation's
four anchor bolts {Part h1) using hex nuts (Part h2),
flat woshers {Part h3), and lock washers (Part h4).

(2) @30 [762] Sonotube {Part hB) ot upper part of
concrete foundation exposed to grade.
(3) Option 2 used in testing.

SHEET:
T IL Tollway MGS—Pole 2 of 28
- 3" cC
3 Additional Loops ?5 cc (TYP) ] —[76] 3132017
Top and Bottom [76] DRARN BY:
. . Fi dati Detail

ELEVATION VIEW ELEVATION VIEW Midwest Roadside| ~ o O o/

- H HH DWG. HAME. SCALE: 1:17 REV. BY:
Option 1 FOUNDATION Option 2 Safety Facility s A .n.[mm]&mg,

Figure55. Foundation Detail, Test N&.T-1

LTTIEE0dHION Hoday 4SHMN

/102 ‘6gaunt



T,

[102] .
1 3/4| _E'sz]
=1 [49] "}
L S
L
- F
1—B UNC
Part d4
1/2"
@2 3/4" [13]
el 17167 [70]
[27]
ELEVATION VIEW PROFILE VIEW
Part dé
o1 1/4" 1/8
@5/3"@ [32] (3]
[16] H
ELEVATION VIEW PROFILE VIEW
Part d8
3/4"
19
1/8" [*9]
[31 "
/
3/B"
Sl ]
4/4—20 une L ¢[‘é’]"f"
Part 410
SCALE 1:1

@2 1/2" 3/16"
&1 1/16" [64] = [/4]
[27]

ELEVATION VIEW PROFILE VIEW
Part d5

3 1/2"
|-—[7s]——| [13]
:I
= @1/2"
1/2-13 UNC [13]

Part d7

a1 " 1/8"
[25 1—\@0‘-'[?/65]‘ ﬂ-IHL..— [/3]

ELEVATION VIEW FPROFILE VIEW

Part 49

IL Tollway MCGS—Pole

Pole Hardware Details

Midwest Roadside

Ninos_Pale—MGS_R22

UNITS: In[mm]

Safety Facility ™ e sz 3

Figure56. Pole Hardware Details, Test NoT -1
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84" 7/8"

[2134] - ’—_T[zs]
6
e ——,
L 1 -
. T @1
4 JFKR[?;Z] 1-8 UNC—/ [25]
[102] Anchor Bolt
Part h1 Part h2
SCALE 1:15
3/16"
w1 1/16" =143
[27] @1 1/16" @1 5/8"
[27] [41] m
2" ]
51 1/4
[51] b A A
ELEVATION VIEW PROFILE VIEW ELEVATION VIEW PROFILE VIEW
Hardened Washer Lock Washer
Part h3 Part h4
[SHEET:
IL Tollway MGS—Pole B of 38
[DeTE |
337
Midwest Roadside Foundation Hardware Details :j:wﬁr;‘m:
Safety Facility | e SOALE: T3 [REV. BY:
Ninoia_Pale—WG5_R22 UNITS: In.[mm] mm!f

Figure57. Foundation Hardware Details, Test NoT -1
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3/8" 5 1/27 7/18"
— 9] [140] T
1 1/4"
[32]
_________________ i
@1/2"
[13]
7 f
1/2—13 UNG
FPart i2
@3/16" 1"
[14] [25]
#11 1/8°  —
[283]
1/8"
31771
pa/16"
[14] || i gge
@1 3/8" - —
[35] ELEVATION VIEW PROFILE VIEW
ELEVATION WVIEW PROFILE VIEW Part i1
] SCALE 1:4
Part **3
[SHEET:
IL Tollway MGS—Pole et
[TE |
3130207
ﬁullgst Plate ond Attochment ORAWN BY:
Midwest Roadside| "°™""® o
Safe-ty FG Cillty DG, }fAHE. SGALE: 11 Ev. BY:
Winoia_Pale—WG5_R22 UNITS: In.[mm] mﬁ!{

Figure58. Ballast Plate and Attachment Hardware, TestIND-1
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BILL OF BARS
ITEM NO. QTY. | BAR SIZE UNBENT LENGTH MATERIAL SPEC.
h5 Option 1 1 #4 [13] 1517" [38532] Epoxy—Coated ASTM AB15 Gr. 60
h9 Option 2 a #4 [13] 74" [1880] Epoxy—Coated ASTM AB15 Gr. 60
hé 8 #6 [19] 20" [2286] Epoxy—Coated ASTM AG15 Gr. 60

90"

3 additional loops
top and bottom

122

[2286]

| Q)24“
A/\/\ [w
L)
»24" [610] Spiral
with 6" [152] Pitch
Part h5 Part h9
Option 1 Option 2
1 90" |
[2286] |
. 4
o34 ]
Part h6 [19]
[SHEET:
IL Tollway MGS—Pole 3 of 38
DATE:

S5/18£2017
ORANN B

. . Bill of B
Midwest Roadside| =~ ° K
Safety FG C”Ity DWG. ;fmz. SMLE 1:15  |REV. BY:
Hinoia_Pole-W55_R23 UNTS: In[mm] mmu{

Figure59. Bill of Bars, Test NoILT-1
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IF?;‘ QTY. Description Material Specification As—Tested Modification Hﬂ[;rgi\::t{:re
al 12 [12°—6" [3B10] W—Beam MGS Section 12 gauge [2.7] AASHTO M180 Galv. (ASTM AB53) - RWMO4a
a2 | 2 [{Z56 [3B10] W—Beam MGS End 12 gauge [2.7] AASHTO M18O Galv. (ASTM A653) - RWM14a
a3 1 [8'=3" [1905] W-—Beam MGS Section 12 gauge [2.7] AASHTO M1B0 Galv. (ASTM ABE53) - RWMO4a
WBxB.5 [W152x12.6] or WBEx9 N .
ASTM AZ9Z or ASTM A36 Min. 50 ksi [345 MPa] Steel
a4 | 25 \g;tBZx‘l 4], 72" Long [1B28] Steel Calv. Per AASHTO Mi171 (ASTM A12 % ] - PWEDS
Bx12x14 174" [152x305x368] Timber
a5 | 25 |gipckout for/SteeH Pasts ] SYP Grode No.1 or better - PDB10a
ab 25 |16D Double Head Mail - - -
. SYP Grode No. 1 or better (Mo knots 18" [457
b1 | 4 [BCT Timber Post — MGS Height e o b e A ants 18, 14571 - PDFO1
b2 | 4 |72 [1829] Long Foundation Tube ASTM ABOD Grade B 93'1"@35’” AASHTO MTT (ASTM - PTECE
A—T0TT-55, Yield Strength 48,380
b3 2 |Ground Strut Assembly ASTM A36 Steel Golv. Per AASHTO M111 (ASTM A123) psi. Tensile Strength 64,020 psi PFPOZ
8" [60] O.D. «x & [15Z] Long BCT ASTM AS53 Grade B Schedule 40 Galv. Fer AASHTO _
MEREERE M111 (ASTM A123) FrM02
B xB x5/8 [ZD03xZ03x16] Anchor _
b5 2 Bearing’ Plate ASTM A36 Steel Galv. Per AASHTO M111 (ASTM A123) FPEO1
b6 2 |Anchor Bracket Assembly ASTM A.SS Steel Galv. Per AASHTO M111 (ASTM A123) - FRAD1
5 — Galv. Fitting Per AASHTO MZ3Z {ASTM
el 4 |BCT Anchor Cable End Swoged Fitting A153) Stud Par AASHTO MZEZ} or M29B {ASTM A153 - -
or BB3S
373 O0] Dia. 6xT19, 24 172 [6Z2Z] IPS Galv. Per AASHTO M30 {ASTM A747] Type Tl Class _ _
e2 Lang RGPS Wire Rope A
o3 El}i105_ HT Wechanical Splice — 3/47 [13] As Supplied _ _
Crosby H Duty HT — 374" [T3] Dia. "
c4 Grosby Heaw Duly /4 [T8] Dia Stock No. 1037773 — Galv. — As Supplied _ _
Crosby G2130 ?r 52130 Bolt T{ﬁe
Shackle — 1 1/4 Dio. with thin .
c5 4 head holt, nut,” and co:lter pin, Grade A, Stock MNes. 1019597 and 1019604 — As Supplied - -
Class
Chicago Hardware Drop Forged Heavy
ef 4 Du?‘ Mut — Drilled and Tapped 1 Steck Ne. 107 — As Supplied - -
[gB] Dio. — UNC & [M36x4]
c7 2 |TLL—50K—PTB Load Cell - - -
45" [13716] Long Aluminum Pole, Pa .
d1 1 ItemLNu_ 903A10. JSBI000S ¥ 6063-T4 Aluminum Alloy - -
CS—370 Anchor Base, Model HNo. R
d2 1 Nori45153RaT 6063 Aluminum Alloy - -
d3 1 |Truss, Model No. 1TA1SB6CE0ZA E0B3—TE Aluminum Alloy — —
SHEET:
IL Tollway MGS—Pole 76 of 28
TATE
31342017
Bill of Material o
. . il of Materials TJD/JEK
Midwest Roadside /
Safety FGCI“ty T, WA FMLE: None |REV. BY:
Winnia_Pale—WGS_R22 UNITS: In.[mm] KA%RW!‘.-’
WRFTuD

Figure60. Bill of Materials, Tet No.ILT-1
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June29, 2017
MwRSF Report NoTRP-03-361-17

Figure61. Bill of Materials, Test NolLT-1













































































































































































































































































































































































































































































































































































































































































































































































































































































































































