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1 INTRODUCTION
1.1 Background

The Hawaii Department of Transportati@dDOT) utilizes several concrete bridge rails
with aesthetic treatments. However, the crashworthiness of these bridge railings under current
impact safety standards has not been demonstrated until redérglyeport documents two full
scale crash tests conducted iport of a study to evaluathe safety performance 6fDOTO s
34-in. tall, Aesthetic @ncreteBridge Rail with aesthetic recessed rectangular paadided tats
traffic-side and backsurfaces. The originalstandardplars of the HDOT 34in. tall, Aesthetic
Concrete Bridge Ril areshown inFiguresl through4. The recessetkectangular pansifor the
HDOT 34-in. bridge railare60 in.wide, 15 in. tall, and %h. deepwith aninclination angle of 45
degreesThe concrete bridge ras anchored t@ concrete bridge decknda 2in. thick concrete
or asphalfinishing surface is applied on the traf8ale face of théridge rail Expansion joints
using smooth dowshare located at intervals in theidgerail. End sections measuringt3 6 in.
long are used at the ends of the bridge rail adjacent to douéinelss structure.

Severalyears ago, researchers at the Texas A&M Transportation Institute (TTI) published
National Cooperative Highway Research Program (NCHRP) Report Ng15%¢hichdeveloped
design guidelines for aesthetieatmend for safety shapeoncrete roadway barrieusing aseries
of Finite Element ModelingEM) simulationsin conjunctionwith physical crashesting The
computer simulation effort examined the effect of aspeniigth and depth as well asthe
inclination angle ofthe asperity surfaceA parametric FEM analys wasperformed for asperity
angles of 30, 45, and 90 degressmeasured from the froface of the barrieand the simulation
outcomes were categorized as acceptable, margikatdum, and unacceptable. NCHRg®rt
No. 554 provided final design guidelinés safety shape barriebmsed orsimulation and crash
testingresults, as showim Figure5.
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Figure5. Final DesignGuidelines for Aesthetic Surface Treatments of Safety Shape Concrete
Barrier[1]

NCHRP Report No. 554lso provided guidelines for singddoped and verticehce
bariers that were developed byeCalifornia Department of Transportation (Caltrai®)n 2002
and approved byhe Federal Highway AdministratioFHWA) in acceptace letter B110.
Caltransconducted crash testing on singleped barriers with various architectural treatments in
order to develop guidelines for evaluaticrgshworthiness of barriers with widanging patterns
and textures. Six recommendations foggesloped or verticaface barriers were developed after
full-scalecrash testing in accordance with NCHRP Replart350Test LeveB (TL-3) [3] criteria
As reported in NCHRP Report No. 554, the following typesudiase treatment are permitted:

1. Sandblastdtextures with a maximum relief of 9.5 mm.

2. Images or geometric patterns cotio the face of the barrier 25 mm or less and having
45-degree or flatter chamfered or beveled edges to minimize vehicular sheet metal or
wheel snagging.

3. Textures or patterns of any shape and length inset into the face of the barrier up to 13
mm deep and2mm wide.

4. Any pattern or texture with gradual undulation thas danaximum relief of 20 mm
over a distance of 300 mm.

5. Gaps, slots, grooves, or joints of any depth with a maximum width of 20 mm and a
maximum surface differential across these featuresain5
6
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6. Any pattern or texture with a maximum relief of 64 mm, if such a pattern begins 610
mm or more above the base of the barrier and if all leading edges are rounded or sloped
to minimize any vehicle snagging potential.

After comparing the HDOT 3#h. tal, Aesthetic Concrete BridgeaR to the NCHRP
Report No. 554 design guidelines, the research team anticipated that existing bridge rail would
likely provide acceptable safety performance under current impact safetiasds for passenger
vehicles.Howeve, full-scale crash testing was needed to evaluate the bridge rail to the safety
criteria inthe American Association of State Highway and Transportation (AASHJI&)ual for
Assessing Safety Hardware, Second EdiMASH 2016)[4].

1.2 Objective

The objetive of this report included a safety performaaecaluation othelengthof-need
(LON) of HD O T 6 -in. tell,AestheticConcrete Bridge Rail system. The system was evaluated
accordingo TL-3 criteriafound MASH 2016.

1.3 Scope

The research objective was achieved through the completion of several tasks. Two full
scale crash tests were conducted on HEOT 34in. tall, Aesthdic Concrete Bridge Rail
according to MASH 2016 test designation nod.03and 311. Next, the fulscale vehicle crash
test results were analyzed, evaluated, and documented. Conclusions and recommendations were
then made pertaining to the safety perforoeaof theHDOT 34-in. tall, Aesthetic Concrete Bridge
Rail systemA final reportwas publishedliscusgg the results and findgs fromtwo full-scale
crash testthat wereconducted on thelDOT 34-in. tall, Aesthetic @ncreteBridge Rail.
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2 TEST REQUIREMENTS AND EVALUATION CRITERIA
2.1 Test Requirements

Aesthetic concrete bridgailts must satisfy impact safety standards in order to be declared
eligible for federal reimbursement by thelWA for use on the National Highway System (NHS).
For new hardwa, these safety standards consist of the guidelines and procedures published in
MASH 2016[4]. Note that there is no difference between MASH 2@)%Hd MASH 2016 for
longitudinal barriergi.e., bridge rails)except that additional occupant compartment deformation
measuremeniphotographs, and documentatame required by MASH 2016. According to -BL
of MASH 2016,longitudinal barriess must be subjected to two ftdkale vehicle crash tests, as
summarized iMablel. Note thatoth prescribed fulbcale crash tests, test designation nd< 3
and 311, wee conducted and reported herein, along witheaaluation of thebridge railing
system.

It should be noted that the test matrix detailed herein rapseaegractical worstase
conditionwith respect to the MASH 2016 safety requirements aacshworthinessvaluation
of the barrier systeniccording to MASH 2016, thelDOT 34in. tall, Aesthetic Concrete Bridge
Rail should be evaluated at a location that evaluates the greatest propensity for vehicle snag as
well as a location that maximizes structural loading of the bridge rail at a critical section. For the
HDOT 34in. tall, Aesthetic Concrete Bridge Railhe critcal impact point for both impact
locations occur upstream from the expansion joint in the bridge rail. The HD&. &I,
Aesthetic Concrete Bridge Rdiks a transition from the recessed panel to the main face of the
bridge rail 2% in. upstream fromdhexpansion joint in the rail. Thus, impacting upstream from
this point provides an evaluation of vehicle snag on both the recessed panel edge and the expansion
joint. Additionally, the critical structural section in the rail is at the expansion joinubedae
bridge rail design does not reduce the transverse reinforcement near the expansion joint and
smooth dowel bars are used to transfer shear loading across the opening. As such, the critical
impact point specified test designation nod.03and 311 for rigid barrier testing in Table 2.7 of
MASH 2016 were applied upstream from the expansion joint for the evaluation of vehicle snag
and structural loading of the HDOT -84 tall, Aesthetic Concrete Bridge Rail

Tablel. MASH 2016TL-3 Crash Test Conditions for Longitudinal Barriers

Test Vehicle Impact Conditions
Test Designation| 'St | Weight, | Speed. | Angl Evaluation
Article g Vehicle gnt, peed, ng'e, Criterial
No. Ib mph deg.
Longitudinal 3-10 1100C | 2,42 62 25 A,D,F,H,I
Barrier 311 | 2270 | 5,000 62 25 ADFHI

! Evaluation criteria explained ifable2.
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Table2. MASH 2016 Evaluation Criteria for Longitudinal Barser

A. Testarticle 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 deflection of
test article is acceptable.

D. Detached elements, fragments other debris from the test artid
should not penetrate or show potential for penetrating the occ
compartment, or present an undue hazard to other traffic, pedeg
or personnel in a work zone. Deformations ofintrusions into, the
occupant compartment should not exceed limits set forth in Seg
5.2.2 and Appendix E of MASH 2016.

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

H. Occupant Impact Velocity (OIV) (see Appendix A, Section A5.2.

Occupant MASH 2016 for calculation procedure) should satisfy the follow
Risk limits:
Occupant Impact Velocity Limits
Component Preferred Maximum
Longitudinal and Lateral 30ft/s 40 ft/s

l. The Occupant Ridedown Acceleration (ORA) (see Appendix
Section A5.2.2 of MASH 2016 for calculation procedure) shq
satisfy the following limits:
Occupant Ridedown Acceleration Limits
Component Preferred Maximum
Longitudinal and Lateral 15.0 g 20. 49

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) vehicle trajectory after collision. Criteria for
structural adequacy are intended to evaluate the abilitgbfIOT 34in. tall, Aesthetic Concrete
Bridge Rail to contain andsafely redirect impacting vehicles. In addition, controlled lateral
deflection of the test article is acceptable. Occupant risk evaluates the degree of hazard to
occupants in the impactingekiicle. Postimpact vehicle 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 otheeseThese
evaluation criteria are summarizedTiable2 and defined in greater detail in MASH 2016. The
full-scale vehicle crash testocumented hereiwerecondiwcted and reported in accordance with
the procedures provided in MASH 2016.

In addition to the standard occupant risk measures, thellRpatt Head Deceleration
(PHD), the Theoretical Head Impact Velocity (THIV), and the Acceleration SevedexI(ASI)
were determined and reported. Additional discussion on PHD, Taitd ASI is provided in
MASH 2016.

9
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3 DESIGN DETAILS

The test installation consisted of two-ftllong and three 2& long concretebarrier
segmentsas shown in Figure8 through14. Photographs of the test installation are shown in
Figures15 throughl17. Material specifications, mill certifications, and certificates of conformity
for the system materials are showrAippendix A

As noted previously, the HDOT 34. tall, Aesthetic Concrete Bridge Raias fabricated
for evaluation of the LON othe bridge rail. Thus, no end sections of the rail were constructed.
The rail was constructed in five segments separated by four expgmsteto allow for evaluation
of the critical rail section at the expansion joints. The spacing between the expaigis was
limited to 22 ft, which was the smallest rail segment length between joints noted by HDOT. Larger
rail segment legths between expansion joints weoasidered less criticalhe HDOT 34in. tall,
Aesthetic Concrete Bridge Railas installecbn the concrete tarac at the MWRSF Outdoor Test
Siterather than on a simulated bridge deck and overhang. Previous testiifpA8H 2016 TL-4
bridge rail on similar 8n. thick concrete bridge deadttisplayedno deck damage[6], which
indicated that the potential for deck damage or deflection that would affect the outcome of the full
scale crash of the HDOT 3. tall, Aesthetic Concrete Bridge Railas minimalunder MASH
2016TL-3impact conditionsHowever, thaedDOT 34in. tall, Aesthetic Concrete Bridge Ravias
constructed in a trench sudtat the back of the rail was 86 tall relative to the tarmac to simulate
the correct height of the rail relative to ttvedge deck in the HDOT standard. A concrete fill was
then applied to the trench in front of the traffide face of the rail to simulate ther tall finished
grade used by HDOT.

The bridge rail was 3. tall relative to the traffieside tarma@nd10in. wide at the top
and the bottom. The top surfalcad 3zin. chamfered edgeRecessedesthetidines 2 in. deep
were located’ in. below the topsurfaceard 9 in. abovethe bottomsurfaceon the traffic and
backside facesThe mainaesthetideatue on this concrete bridge rawas60-in. wide x 15in.
tall x ¥>in. deep recessed panels on bibth trafficside and backside facesThe edges of the
panels transitioned to the face of the rail using 2H:1V sldpe.concrete mix for the bridge rail
sections required a minimu@8-day compressive strength of 4,000 psi. Teancrete cylinder
compression tests were conductgilh 13-daycompressive strength results4g®00 psi and 4,260
psi. Steel reinforcemenin the barrierconsisted ofASTM A615 Grade 60 rebar. Eacloncrete
bridge railsegmentonsisted okightno. 5 longitudinal bar§four per face}hat werevertically
spacedLO in. apart.Vertical stirrupsnverealso provided usingo. 5 rebarwhichwerespacedon
12-in. centes on the backside face and on 6in. centes on the traffieside face Vertical
reinforcement baraere anchoretb an existing concrete tarmax boththetraffic-side andack
side faces to a depth ofiB. and epoxied wittHilti HIT RE-500 V3in order to develop the full
tensile strength of the bafhe minimum bond s¢ngth oftheepoxy adhesivevas1,560 psiafter
atwo-day cure.

The bridge riisystem contained an expansjoimt consisting of a ¥n. gap that was filled
by expansion joint sealards shown in Figure8 and9. The expansion joint assembly consisted
of three 24in. long, no. 8 smoothrebarwith PVC tubes and caps cedbn the upstream side of
the expansion joint. Additional verticadtirrups speed on 4-in. centerswere placed atthe
expansion joirg, as shown irFigures8 and9.

10
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DETAIL F

e " _2"[51]
5"N127) CLR (TYP)
74 A\
” CETIETST
6"[152] ’,’\;E I;j'_\J Impact
B e Side
o)
L =2 <
e
12"[305]
, = f-1/2"[13
e a /@ 62 2 5/16"[59] 2T ]*4"[102]*
» OR) (TYP)
36"[914] ®) i F ~ AN — :
= NN x) :_\ . / ¥ ] L/ : |
N o ® -
G ) !
- ¥ . H H H § H Ly = H H
J A % A J P
1
S < . l
"
o T 'mp"CM -—12"[305]‘“-—13"[3301

Midwest Roadside
Safety Facility

- o ” SHEET:
Hawaii 34" Aesthetic 4 of 9
Concrete Bridge Rail DATE:
Test No. H34BR—1-2 R

DRAWN BY:

Expansion Joint Details D/ e/
DWG. NAME. ISCALE: 1:8 REV. BY:

H34BR-1-2_R9 UNITS: in.[mm] :LE:I:/RWE/

Figure9. Expansion Joint Details, Test Né£34BR-1 andH34BR-2
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Figurel0. 11-ft Concrete Parapet Details, Test Nd84BR-1 andH34BR-2
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Figurell 22-ft Concrete Parapet Details, Test Nd84BR-1 andH34BR-2
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L e
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f
Bar b2 8 .
Notes: (1) Reinforced Steel: Deformed and plain carbon steel
bars for concrete reinforcement shall meet the requirements of
AASHTO M31M/M31-07 Grade 60 (ASTM A615—15a Grade 60).
| L (2) Steel reinforcing shall be supported, bent and placed
Bar b1 as per AASHTO LRFD Bridge Design Specifications, 7th
Edition, 2014 including all interim revisions.
= = 7 SHEET:
Hawaii 34" Aesthetic 7 ot 9
Concrete Bridge Rail DATE:
il s , ___ Test No. H34BR—1-2  [/*/*"*
Part No Bar No. Qty. Unbent Length Material Specification Py
b1 #5 264 46 3/4” [1187] ASTM A615 Gr. 60 5 i Rebar Details D/ e/
b2 5 24 38 7/8" [987] ASTM_A615 Gr. 60 Midwest Roadside i
b3 #5 24 259 1/2° [6591] ASTM_AB15 Gr. 60 Safety Facility e j‘:""f”[’ ::::;s/
b4 #5 16 127 3/4" [3245] ASTM A615 Gr. 60 i e

Figurel2. Rebar Details, Test No834BR-1 andH34BR-2
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Hawaii 34" Aesthetic
Concrete Bridge Rail
Test No. H34BR—1-2

SHEET:
B8 of 9
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3/29/2019

DRAWN BY:
Expansion Joint Components D/ e/
MK
DWG. NAME. ISCALE: 1:3 REV. BY:
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Figurel3. Expansion Joint Components, Test Né34BR-1 andH34BR-2
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[tem

Qry.

Description

No. Material Specification Treatment Specification

al — |Reinforced Concrete Min. f'c = 4,000 psi [27.6 MPa] NE Mix 47BD =

a2 — |Low—Strength Concrete Overlay Concrete NE Mix 9019 CITY —

b1 |264|#5 [16] Rebar, 46 3/4"” [1187] Total Unbent Length ASTM A615 Gr. 60 Epoxy Coated (ASTM A775 or A934)*
b2 | 24 |#5 [16] Rebar, 38 7/8” [987] Total Unbent Length ASTM A615 Gr. 60 Epoxy Coated (ASTM A775 or A934)*
b3 | 24 |#5 [16] Rebar, 259 1/2” [6591] Total Length ASTM A615 Gr. 60 Epoxy Coated (ASTM A775 or A934)*
b4 16 |#5 [16] Rebar, 127 3/4” [3245] Total Length ASTM AB615 Gr. 60 Epoxy Coated (ASTM A775 or A934)*
cl 12 |#8 [25] Smooth Rebar, 24" [288] Total Length ASTM A615 Gr. 60 Epoxy Coated (ASTM A775 or A934)*
c2 12 (1 1/4” [32] Dia. PVC Pipe Schedule 80 PVC Gr. 12454 =

c3 12 (1 1/4” [32] PVC Cap Schedule 80 PVC Gr. 12454 —

c4 — |Epoxy Adhesive Hilti HIT RE—-500 V3 -

5 — |Expansion Joint Filler AASHTO M33, M153, or M213 —

cb — |Expansion Joint Sealant AASHTO M173, MESS%‘;‘ %gg;t,’ ASTM D3581, ar =

*Rebar does not need to be epoxy—coated for testing purposes.

Midwest Roadside
Safety Facility

SHEET:
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Figurel4. Bill of Materials, Test NodH434BR-1 andH34BR-2
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Figurel5. Test Installation Photographs, Test N684BR-1 andH34BR-2




Figurel6. Test Installation Photograptack Side Test NosH34BR-1 andH34BR-2
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Figurel7. Testinstallation Photographdraffic Side Test NosH34BR-1 andH34BR-2
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4 TEST CONDITIONS
4.1 Test Facility

The Outdoor Test Site is located at the Lincoln Air Park on the northwest side of the
Lincoln Municipal Airport and is approximately 5 miles northwest of the University of Nebraska
Lincoln.

4.2 Vehicle Tow andGuidance System

A reversecable, tow system with a 1:2 mechanical advantage was used to propel the test
vehicles. The distance traveled and the speed of the tow vehicle werBatinidat of the test
vehicles. The test vehickewerereleased from the tow cable before impact with the barrier system.

A digital speedometer on the tow vehicle increased the accuracy of the testsvéhudet speed.

A vehicle guidance system developed by Hinghwas used to steer the test velsclé
guide flag, attached to the ldfont wheel for test @ H34BR-1 and H34BR-2, and the guide
cableweres hear ed off bef ore i mp a-ntdiametet guidetcdble wdsar r i €
tensioned to approximately 3,500 Ib and supported both ligterad vertically evey 100 ftby
hinged stanchions. The hinged stanchions stood uprighd timbiding up the guide cable sAhe
vehicle was towed down the line, the guide flag struck and knocked each stanchion to the ground.

4.3 Test Vehicles

For test noH34BR-1, a 2009 Hyundai Accent was used as the test vefibkcurb, test
inertial, and gross static vehicle weights wef&l2 Ib, 2430 Ib, and2,589 Ib, respectively. The
test vehicle is shown in Figuré8and19, and vehicle dimensions are showirigure20. MASH
2016 describes that test vehicles used in crasimgeshould be no more thaix model years old.
The 200Hyundai Accentvas used instead die2013 model for therashtest because the 2013
model vehicle geometry did not comply with the recommended vehicle dimension ranges specified
in Table 4.1 in MASH 2016.
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Figurel8. Test Vehicle, Test Ndi34BR-1
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Figure20. Vehicle Dimensions, Test N6i34BR-1
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