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1INTRODUCTION

1.1 Background

The use of curbs along roads is often required for certain functions such as drainage control,
right-of-way reduction and sidewalk separation. However, curbs along roadways can adversely
affect the interaction of errant vehicles with roadside barriers. When curbs are placed near
guardrail systems, the propdégsfor vehicle underride, override, and instabilitpyareases. The
Midwest Guardrail SystemMGS) installed behind curbs is a common hardware configuration
used by statdepartmerd of transportation[OT) that hal not yet been evaluated to tidanual
for Assessing Safety Hardwa{/dASH 2016 Test Level 3 (L-3) conditions 1-2]. During the
early development of the MG8ye guadrail systemwas successfully crash tesiaccombination
with a curbto National Cooperative Highway Research Prog(Bl8HRP) Report No. 350 T3
requirements 3-5]. The curb was placed at6-in. (152mm) offset from the front face of the
guardrail, as shown iRigurel. Howeveronly the small pickup truck testB3l wasconducted to
verify the crashworthiness of the system installed adjacent to a curb.

305 mm
657 mm |
""‘ |“—25 mm 787 mm
- Z mrem
152 mm 632 mm
17 -
| R13 rr.rrl“ | R76 mm
\ ’- =
: / / / 152 mml ), o= +
"N \// ’

RS / , L =
\\f/ NJR7E o,
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NN
N
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G | R PR
NS S \\ \ \ 2\ AN
AN \(// ' \\/4& AX /\\//K\// %

{ 203 mm

faty]

362 mm

Figurel. MGS Offset6 in. (152mm) from &in. (152mm) AASHTO Type B Curb3-5]

Roadside obstructions sometimes prevent proper post placement withinf yuandvail.
To avoid obstacles, one approved alternative is to install adpag system for an unsupported
span up to 25 ft wide (7.6 m). However, the MGS lgpgn system developedtae Midwest
Roadside Safety FaciliglwRSF) requires the use of the CRT posts adjacent to the unsupported
span to prevent pocketing ahdh rail tension[6].

1
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Previously, the MGS with an omitted post without the use of CRT posts was crash tested
to MASH2016TL-3 test no. 311 and adequately redirected the 2270P pickup truck when installed
on level terrainand in a tangent configuratigi]. Concerns existed that the omission of a single
post within a standard length of MGS guardrail would leakigb rail loads, barrier pocketing,
and vehicle instability. In order to evaluate the performance of the MGS with a single omitted post,
afull-scale crash test was performed according to th8& $afety performance criteria defined in
MASH 2016 test designationo. 311 [7]. Test no. MGSMPL consisted of a 4,938 (2,238kQ)
pickup truck impacting the MGS with an omitted post at a speed of 63.410ph km/h) and an
argle of 25.3 degrees. The vehicle was contained and smoothly redirected, and test no.-MGSMP
1 met the MASH2016safety criteria.

Following the evaluation of the MGS with an omitted post, MWRSF considered the
application of an omitted post when a curb wasspnt. The MGS in combination with curbs has
never been evaluated with a small car or to the safety performance criteria of BOAGHRecent
MASH 2016small car testing of the MGS stiffness transition with curb resulted-le¥n rail
rupture due to padl vehicle underride and a vertical load being imparted to thé&Jallfi omitted
post within an MGS installation with curb may cause similar results as thdeveloald be
allowed to traveldrther into the system and impart vertical loads to thba&m rail and splices.
There is also potential for the combination of an omitted post and curb to increase rail loading, rail
pocketing, and vehicle instability whempacted with the 2270P vehicle. Therefore, the Midwest
Pooled Fundnemberstates funded a research study to evaluate the performance of the MGS
installedwith an omittedpost andn conjunction with a én. (152mm) tall AASHTO Type B
curb

1.2 Objective

The djective of this researchasto evaluate the performance of the MGS installed with
the face of the rail offséd-in. (152mm), as measureftom thefaceat midheightof the 6in.
(152mm) tall AASHTO Type B curbwith a single omitted post accordingMtASH 2016 TL-3
safety criteriaBoth MASH2016 estdesignation as. 310 and 311 were originally to be included
in the evaluationHowever, die to the failur@bserved duringestno. MGSCQ1, aMASH 2016
test designation n@&-10, the system was modifieand retested to MASB016 test designation
no. 3-10 criteria As such,MASH 2016 test designation n8-11 was not conducted during this
research study.

1.3 Scope

The research objective was achieved through the completion of several tasks. The MGS
with a6-in. (152mm) offset from a 8n. (152mm) tall, AASHTO Type B curb was designed and
drawn in CAD. Barrier VII was used to idify the critical impact poinbf the system based on
stiffness and the likelihood for rail rupture or releaséull-scale teswas conducted according to
MASH 2016 test designation n8-10, which resulted in a failuréfter the test failure, the system
was redesigned by nesting thed&ugemetricW-beam rail around the omitted post location. An
additional fullscale test wasonducted according to MASIE016 test designation n3-10.
Following the successful completion of the second test, test results were anelyatedted and
documented. Conclusions and recommendations werne rireede pertaining to the safety
performance bthe MGS with a curb andnomitted post.

2
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2 TEST REQUIREMENTS AND EVALUATION CRITERIA

2.1 Test Requirements

Longitudinalbarriers, such as Weam guardrails, must satisfgpact safety standards in
order to be declared eligible for federal reimbursement by the Federal Highway Administration
(FHWA) for use on the National Highway System (NHS). For new hardware, these safety
standards consist of the guidelines and procedaubbshed in MASH 20161]. Note that there
is no difference between MASH 2008 and MASH 2016 for longitudinal barriersuch as the
system tested in this projecexcept that additional occupant compartment deformation
measurements are required by MASH 20A6cording to TL-3 of MASH 2016, longitudinal
barrier systems muge subjected to two fucale veltle crash tests, as summarizedablel.

Note, both crash tests described herein were conducted in accordance with ROISHest
designation no3-10. Evaluation of the system according to MASBIL6 test designation ng-11
will need to be completed in a separate project in order to complete the testing matrix.

Tablel. MASH 2016 TL-3 Crash TesConditions for Longitudinal Barriers

Test Vehicle Impact Conditions
Test L Test Weight Speed Evaluation
Article | DS59M31ON vehicle | b mph | AN | Criterial
' (kg) (km/h) 9
2,420 62
Longitudinal | 520 1100C | 1'100) | (100) 25 ADFH|
Barrier 5,000 62
311 2270P (2.270) (100) 25 A,D,F.H,I
! Evaluation criteria explained ifable2.
It should be noted that the test matri X

engineering judgement with respect to the MASH 2016 safety requirements and their internal
evaluatian of critical tests necessary to evaluate the craghwess of the barrier system.

2.2 Evaluation Criteria

Evaluation criteria for fullscale vehicle crash testing are based on three appraisal areas:
(1) structural adequacy; (2) occupant risk; and (3)atehrajectory after collision. Criteria for
structural adequacy are intended to evaluate the ability M@t installed 6 in. (152 mnigehind
the faceat mid-heightof an AASHTO Type B curlo contain and redirect impacting vehicles. In
addition, contrbed lateral deflection of the test article is acceptable. Occupant risk evaluates the
degree of hazard to occupants in the impacting vehicle-ifapsict vehicle trajectory is a measure
of the potential of the vehicle to result in a secondary collisidh wther 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 summarize@aiole 2 and defined in greater detail in
MASH 2016. The fuliscale vehicle crash test was conducted and reported in accordance with the
procedures provided in MASH 2016.
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Table2. MASH 2016 Evaluation Criterior Longitudinal Barrier

A. Test article should contain and redirect the vehicle or bring the ve
Structural to a controlled stop; the vehicle should not penetrate, underrig
Adequacy override the installation although controlled lateral defleotibtine test
article is acceptable.

D. Detached elements, fragments or other debris from the test article :
not penetrate or show potential for penetrating the occy
compartment, or present an undue hazard to other traffic, pedgstni
personnel in a work zone. Deformations of, or intrusions into,
occupant compartment should not exceed limits set forth in Section
and Appendix E of MASH 2016.

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

H. Occupant Impact Velocity (OIV) (see Appendix A, Section A5.2.]
MASH 2016 for calculation procedure) should satisfy the follow
Occupant Risk limits:

Occupant Impact Velocity Limits
Component Preferred Maximum
Longitudinal and Lateral | 30 ft/s (9.1 m/s) | 40 ft/s(12.2 m/s)

l. The Occupant Ridedown Acceleration (ORA) (see Appendix A, Se
A5.2.2 of MASH 2016 for calculation procedure) should satisfy
following limits:

Occupant Ridedown Acceleration Limits
Component Preferred Maximum
Longitudinal and Lateral 15.0 ¢ 20. 49

In addition to the standard occupant risk measures, thelRpatt Head Deceleration
(PHD), the Theoretical Head Impact Velocity (THI\&)d the Acceleration Severity Index (ASI)
were determined and reported. Additional discussion on PHD, THIV and ASI is provided in
MASH 2016.

2.3 Soil Strength Requirements

In accordance with Chapter 3 and Appendix B of MASH 2016, foundation soil strength
mustbe verified before any fucale crash testing can occur. During the installation of a soil
dependent system, W6x16 (W152x23.8) posts are installed near the impact region utilizing the
same installation procedures are the system itself. Prior teddd 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. (127 and 508 mm) measured at a height of 25 in. (635 mm). If
dynamic testing near the system & desired, MASH 2016 permits a static test to be conducted
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 detié&tidiis
and 15 in. (127, 254, and 381 mm). Further details can be found in Appendix B of MASH 2016.
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3 DESIGN DETAILS T TEST NO. MGSCO-1

The test installation consisted of igauge (2.#4mm) AASHTO M180 standard Wbeam
guardrail, W6x8.5teel posts with timber blockouts, and MGS end anchorages. The total system
length was 182 ft 3%z in. (55.6 m). The system was installed with the face of the guardwittb
6 in. (152 mm) behinthe face ofa 6in. (152mm) tall AASHTO Type B curlat mid-height as
shown in Figure® throughl14. Photographs of the test installation are shown Figlsesd16.
Material specifications, mill certifications, and certificates of conformity for the system materials
are shown irAppendix A

The test installation was constructed using tyenght guardrail post$ost nos. 3 through
26 were standard 7. (1,829mm) long W6x8.5, ASTM A992 steel guardrail po$test nos. 3
26 were each embedded #odepth of45 in. (1,143 mm) and post nos. 1, 2, 27, and 28 were
embedded to a depth of 39 in. (991 mm). All posts were embeddeell-graded gravel (GW)
and were spaced . (1,905mm) on center. One post was omitted between post nos. 13 and 14,
which created an unsupported span length of 150 in. (3,810 mm) betesenpostsTimber
blockouts measuring 6 in. x 12 in. x 14%4 in. long (152 mm x 305 mm x 362 mm) were used to
block therail away from the front face of each steel post. Thé&&m guardrail was mounted
with a toprail height of 32 in. (813 mm) measured fréine surface of the roadwayhe system
was raised 1 in. (25 mm) from its nominakidl (787#mm) rail height to evakte thepotential of
the small car to extend under the rail under standard construction tolei@ploas joints which
were oriented to prevent vehicle snagre used between posts to connect the guardrail where
necessary, as shownhigure4.

A 6-in. (152mm) tall, AASHTO Type B curb spanned from post nos. 9 through 19. The
curb was located 6 in. (152 mim)front of the face of the railas measured from the &of curb
at midheight. Soil wasackfilled behind the curlflush to the top surface of the curb. The soil
backfill extended a minimum of 5 ft (1.5 m) behind the curb. A replica concrete gutter was created
by casting a 4n. (102mm) deep by 48n. (1,219mm) wide concrete slab in front of the curb.
The concrete used to cast the curb and gutter had a minimum compressive strength of 4,000 psi
(27.6 MPa). The curtvasreinforced bya single no. 4 rebar extending longitudinally.

The upstream and downstreanderof the guardrail installation were configured with a
nonproprietary end anchorage syste®rlp]. The guardrail anchorage systésad a comparable
strength toother crashworthy end terminals. The anchorage system consisted of timber posts,
foundation tubes, anchor cables, bearing plates, rail brackets, and channel struts.
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ftem T qry. Description Material Spec Galvanization Spec Hardware
No. P Guide
al 12 [12'-6" [3,810] 12 gauge [2.7] W—Beam MGS Section AASHTO M180 ASTM A123 or A653 RWMO4q
@ | 5 |25 L2816l 12 gaugs [2:7] W—Bsam: MOS: End AASHTO M180 ASTM A123 or A653 RWM14a
a3 1 |6'=3" [1,905] 12 gauge [2.7] W—Beam MGS Section AASHTO M180 ASTM A123 or AB53 RWMO4a
6x8.5 152x126 or W6x9 [W152x13.4], 72" Lon
a4 | 24 fl 1,829] teel Post ] [ L . Min. 50° ke ?345 MPa] ASTM A123 PWEOG
of | 24 |BX1ZA18 U/ | 1024500x06R] Timbe Blookout for SYP Grade No.1 or better - PDB10a
ab 26 |16D Double Head Nail = = =
SYP Grade No. 1_of better
b1 4 |BCT Timber Post — MGS Height (No knots 18" [457] above, or - PDFO1
below ground tension face)

b2 4 72" [1829] Long Foundation Tube ASTM A500 GCr./B ASTM A123 PTEO6
b3 2 |Ground Strut Assembly ASTM A36 ASTM A123 PFP02
b4 | 2 |2 3/8" [60] 0.D. x 6" [152] Long BCT Post Sleeve ASTM A53| Gr. B Schedule 40 ASTM A123 FMMO2
b5 2 [8"x8"x5/8" [203x203x16] Anchor Bearing Plate ASTM A36 ASTM A123 FPBO1
b6 2 |Anchor Bracket Assembly ASTM . A36 ASTM A123 FPAO1
cl 2 [BCT Anchor Cable — - FCAO1
41 | 24 ﬁétS" [16] Dia. UNC, 14" [356] Long Guardrail Bolt and Bolt — ésI\hSATOBREZ)SgX A ASTM A153 or B695 Class 55 or F2329 FBBO6
& | a 5/3" [16] Dia. UNC, 10" [254] Long Guardrail Bolt and Bolﬁlu; ASTM_B307 Gr A o sTA53 or BE95 Class 55 or F2329 FBBO3
a3 | 112 2{3" [16] Dia. UNC, 1 1/47 [32] LonggguardQyl BOQ Bolt = ASTMASQL Cr- A | ASTM, A153 or B695 Class 55 or F2320 | FBBO1
st | & /&L [‘IS] Dia. UNC, 10" [254] Long Hex Head Bolt Bolt — ASTM_AS07 Gp. A B W55 o BE0S Class 55 or E0BG | FEXiBo
ds | 16 [3/8 E}ts] Dia. UNC, 1 172" [28] MC gy FQEalt | Boff - ASTMGIEN Cr A ASTM A153 or B695 Class 55 or F2329 | FBX16a
| M{; [22] Dia. UNC, 8" [203].Long Héx Head Bolt and BOILUI ASTVAS07 G ASTM A153 or B695 Class 55 or F2329 _
el 44 [5/8” [16] Dia. Plain Round Washer ASTM FB44 ASTM A123 or A153 or F2329 FWC16a
e2 8 |7/8” [22] Dia.Plain Round Washer ASTM _F844 ASTM A123 or A153 or F2329 -
f1 1 [Curb f'c '=.4,000 psi [27.6 MPq] - -
2 | 1 |#4 Rebor 819" [20,803] Long ASTM A615 Gr. 60 = =
3 | 45 |§4 Rebor 16" [406] Long ASTM AB15 Gr. 60 = =
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Omitted Post

Test No. MGSCO—1

= 5 Bill of Materials
Midwest Roadside
Sqfety FOCIllty DWG. .NAME. SCALE: None
OmitPost—Curb—1_R6 UNITS: In.[mm] gﬁgﬁ&/

Figurel4. Bill of Materials, Test No. MGSCQ
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Figurel5. Test Installation Photographs, Test No. MGSTCO
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Figurel6. Test Installation Photographs, Test MiGSCO-1
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4 TEST CONDITIONS

4.1 Test Facility

The Outdoor Test Sites located at the Lincoln Air Park on the rorest side of the
Lincoln Municipal Airport and is approximate miles(8.0 km) northwest of the University of
Nebraskalincoln.

4.2 Vehicle Tow and Guidance System

A reversecable tow system with a 1:2 mechanical advantage was usppel the test
vehicle. The distance traveled and the speed of the tow vehicle wetalbribat 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 insmladhe accuracy of the test vehicle impact speed.

A vehicle guidance system developed by Hifit§ was used to steer the test vehicle. A
guideflag, attached to thaght-front wheel and the guide cable, was sheared off before impact
with the barrier system. THg-in. (9.5mm) diameter guide cable was tensioned to approximately
3,500 Ib(15.6 kN and supported both laterally and vertically eveé® ft (305 m) by hinged
stanchions. The hinged stanchions stood upright while holding up the guide cable, but as the
vehicle was towed down the line, the guildg struck and knocked each stanchion to the ground.

4.3 Test Vehicles

Fortestno. MGSCO1, 2009 Hyundai Accent was used as the test vehicle. The curb, test
inertial, and gross static vehicle weights were 2,458 Ib (1,115 kg), 2,438 Ib (1,106 kg), and 2,604
Ib (1,181 kg), respectively. The test vehicle is showRigure 17, and vehicle dimensions are
shown inFigure18. Pretest photographs of the vetecb s i nt e r i amdundér¢awiage boar d
for test no. MGSC€L are not available.

For test no. MGSC&Q, a 2011 Hyundai Accent was used as the test vehicle. The curb, test
inertial, and gross static vehicle weights were 2,440 Ib (1,107 kg), 2,404 Ib (1,090 kg), and 2,566
Ib (1,164 kg), respectively. The test vehiclsh®wn in Figured9and20, and vehicle dimensions
are shown irFigure21.

The longitudinal component of theenter of gravity €.g) was determined using the
measured axle weight$he vertical component of the c.g. for the 1100C vehicledetermined
utilizing a procedure published by SAE4]. The location of the final c.g. for test no. MGSQO
is shown in Figured8 and22 The location of the final c.g. for test no. MGSQQs shown in
Figures21and23. Data used to calculate the location of the c.g. and ballast information are shown
in Appendix B

Square, blackand whitecheckered targets were placed on the vehicles for reference to be
viewed from the higtspeed digital video cameras and aid in the video analysis, as shown in
Figures22 and23. Round, checkered targets were placed at the c.g. on ts&lefioor, the right
side door, and the roof dfi¢ vehicls.
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Figurel7. Test Vehicle, Test N0MGSCO-1
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Date: 8/28/2017 Test Number: MGSCO-1 VIN: KMHCN4AC1AU480683
Year: 2009 Make: Hyundai Model: Accent
Tire Size: 185/65 R14 Tire Inflation Pressure: 32 Psi Odometer: 125370

Vehicle Geometry - in. (mm)
Target Ranges listed below

e ~  a:_647/8 (1648) b: 58 (1473)
— i 653 (1650£75)
c: 1681/4 (4274) d: 35314  (908)
a|[m| — t 16948 (4300200)
e: 987/8 (2511) f_ 3358  (854)
| 98+5 (2500+125) 3544 (900+100)

E B 1 g: 22 7/8 (581) h: 37 1116 (941)
3924 (990£100)

i_161/2  (419) Ji_20314  (527)

ki 161/4 (#413) 1. 203/4  (527)
b m:_561/2 (1435) n: 57118 (1451)
- il 5642 (1425250) 5612 (1425250
ol J L9
' o 28 1) p 2 (51)
2424 (600£100)

q:_241/8  (613) r._153/8  (391)

s: 121/8  (308) t 6434  (1645)

Mass Distribution 1b (kg)

Top of radiator core

Gross Static LF 820 (372) RF__ 795 (361) support: 29 1/2 (749)
Wheel Center

LR 515 (234) RR__ 474 (215) Height (Front): 10 3/4 (273)
Wheel Center

Height (Rear): 11 (279)
Weights Wheel Well

1b (kg) Curb Test Inertial Gross Static Clearance (Front): 25 7/8 (657)
Wheel Well

W-front 1560 (708) 1524 {691) 1615 (733) Clearance (Rear): 25 (633)
Bottom Frame

W-rear 898 (407) 914 {415) 989 (449) Height (Front): 8 3/8 (213)
Bottom Frame

W-total 2458 (1115) 2438 (1106) 2604 (1181) Height (Rear): 7 1/4 (184)

2420155 (1100£25) 2585155 (117550)
Engine Type: Gasoline
GVWR Ratings Ib Dummy Data Engine Size: 1.6L
Front: 1918 Type: Hybrid 1l Transmission Type: Automatic
Rear: 1874 Mass: 166 Ib Drive Type: FWD
Total: 3638 Seat Position: Driver
Note any damage prior to test: NONE

Figurel8. Vehicle Dimensions, Test NMGSCO-1
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Figurel19. Test Vehicle, Test N0MGSCO-2
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Ve h i agk @nd Isteribr irldoeboacda, MastiMGSCO 2

Test

Figure20.
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Figure2l. Vehicle Dimensions, Test NMGSCQO-2
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