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1INTRODUCTION

1.1 Background

The Hawaii Department of Transportation (HDOT) utilizeburiedin-backslope (BIB)
guardrail end terminateferred to as th®lodified Type A1l flaredBIB guardrail end terminal.
The Hawaii buriedn-backslope (HBIBpystem consists of a guardrail end terminal anchored into
a reinforced concrete block that is inset into a roadside cut; slopgnues with a flared, strong
post, Wbeam guardrail system with a rubrail through a section of sloped roadside srchinen
continues with a strongost, Wbeam guardrail system along the roadway shoutttarever, the
crashworthiness dhis system under current impact safety standards has not been demonstrated.
This report documentsérsystem modifications and fidtale crash testing conducted to evaluate
the safety performance of the modified TypelAlare systemaccording tothe American
Association of State Highway and Transportation (AASHT¥gnual for Assessing Safety
Hardware, Second EditiofMASH) criteria[1] in standard direction for ruoff-road impacts

HDOT providedthe research team wifbur systemconfigurationghatvariedthe location
of the end anchorage blod®ption 1 consisted of the least offset from the roadway and utilized a
single flare rate, terminating in an anchor block. The flare rate of Option 1 was dependent on the
design speed of the roadway. Option 2 utilized the same flared configuration aslOpttadded
an additional 7.4:1 flare rate before terminating the sys@ptions 3 and 4 added additional
steepenindlare rates to thepstream end of the previous optio®¥. the four options, HDOT
indicated thaDption 1 was the most common (estimated 75%) and Option 2 was the second most
common (2625%). Few, if any, actual installations used Options 3 and 4. Thus, @tilens 3
and 4were possibly moresevere, they may not be used in practice. Thus, the most severe
configurationthat would be used on the roadwegs Option 2shown in theystem plans provided
by HDOT in Figuresl through3.

1.2 Objective

The objective of this research was to conductdgallle crash testing of the HDOT buried
in-backslope system according to MASH Test Level 3-B) impact safety standards. This report
describes the performance of the HBIB system in the standard direttiopact; a second report
describes testing of the system in the reverse direction.

1.3Scope

The researclobjectivewas performed through the completion of several tasks. The first
task included a comprehensive literature review of the existing BIB roadside safety features. The
research team identified potential design revisions to improve constructability and Statider.d
System plans were developeaid a ditch with a 6:1 foreslope and 2:1 backslope was constructed
to model a HDOT roadside ditch. The system was constructed and subjecte® falf-scale
crash tests in accordance with MASébt designation nos-® through 335. The full-scale
vehicle crash test results were analyzed, evaluated, and documented. Additiestléutirash
tests for reverse directiompactswill be detailed in a subsequent repo@onclusions and
recommendations were then made pertaining to the safety performance of the HBIB guardrail,
rubrail, and end anchorage
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2 LITERATURE REVIEW

A literature review was performed on previously creedtedBIB systems that were
considered relevant to the HDOT systérne literature review was separated into three topics: (1)
BIB full-scalecrashtesting; (2) Wbeamto-bridge railtransition fultscalecrashtesting; and (3)
W-to-thrie-beam transition fulbcale crash testing. An evaluation of the similarities and
differences between the tested systems and the cHEROT BIB Midwest Guardrail System
(MGS) design is discussed in each section

2.1 Buried-in-Backslope Terminal Testing

A literaturereview of previously crastesed BIB systems was completed to inform
researchers on design details of failed and successful systpeteeam and downstream-béam
anchorage details, impact points, ditch configurations, and rail heights were considered for
previouslyevaluated systems. The majority of systems were evaluatddtional Cooperative
Highway Research PrograMCHRP) Report No. 350 TL3 impact conditions and evaluation
criteria, and one system was evaluateM&SH TL-3 impact cowlitions.

2.1.1Buried-in-BackslopeTerminal with 6:1 V-Ditch (1998)

The Texas A&M Transportation Institute (TTI) evaluated the crashworthines8i8 a
terminal according to crash test evaluation critetjalescribed iNational Cooperative Highway
Research ProgralNCHRP) Report No. 35(03]. TheBIB terminal system was installed adjacent
to a \-ditch with a 6:1 foreslope and4al backslope. The ditch was constructed with a flat ¢zero
grade) paved shoulder followed by6d slopeextending8 ft 1 10%in. laterally to a maximum
depth ofl ft i 5% in., anda 4:1 backslopg¢hatextended approximately 20 ft laterally from the
ditch bottom Theguardrail system crossed the center of\thditch 2 fti 30 in. upstreanfrom
postno. 8.

TheBIB guardrailsystem consisted 8/-beam guardrail with a Ydeam rubrail attached
to W6x9 steel post3imber blockouts supporting the upper rail measured 6 in. x 8 inirx 1l
andwere routed to fit over the steel post flangd®e guardrail beginning at post no. 22 was parallel
to the travel way. The top of the poststhis sectionwas26%2 in. measured from the shoulder
gradeAt t he wupstream end of the system, post fAA
backslope and anchored the uppeb®am rail. The 12gauge Wheam gardrail was attached to
the 8ft long W6x9 steel posts with-i®. deep blockoutsThe guardrailwas flared at a4:1 flare
ratebetween posts A, B, 1, and ®hichwere numbered sequentialiygginning athe upstream
end anchorThe W-beam rail was flared6:1 between post nos. 2 through84l between postos.
4 through 8and 131 from post nos. 8 through 2Erom post no. 22 to the downstream end of the
system, the guardrail was parallel to the travel WéweW-beamrubrailwas mounted to the front
face of the posts using-in. bolts andvaslocated 3 in. below the bottom of the upper rail. The
rubrailextended fronpost no. 20 22. Theupstream end of theibrail wasanchored using a plate
bracket attachetb post no. 2. The downstream end of the rubrail was termiasted back side
of post no. 241sing aeg -in. dia. bolt and spacer sleevéhe system layout is shown kgure4
and the systenmstallation is shown ifrigure5b.
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Figure5. Buriedin-Backslope Terminal with:@ V-Ditch andRubrail Installation[2]

Testno. 4042111 was conducted according to NCHREBport No. 35Qest designation
no. 3-35, consisting of a 2000P pickup truck impactithg systerat approximately 62 mph and
an angle o5 degreesatthe critical impact point (CIP), which was located at post n@.uing
test no. 404211, the vehicle impacted the BIB system 3% in. downstream postno.8 at 60.4
mph and a angle 0f25.2degres. The test vehicle was smoothly redirected and came to a stop
219 fti 3 in. downstreanfrom impact After the test, deformationf ohe upper and lowal/-beam
guardrailextended from postos.8 through 11as shown irigure6. No penetration, override, or
underridewasobserved after the te$fiCHRP Report No. 350 test designatiom 3-34 was not
performed on th&IB system.Testno. 4042111 was the first BIB end anchoragedoccessfully
meet NCHRP Report No. 350 criteria. The test evaluation summsinpwn inFigure?.

Figure6. Buriedin-Backslope Terminal with:@& V-Ditch, SystemDamage Test No4042111
(2]
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2.1.2Buried-in-BackslopeTerminal with 4:1 Slope (2000)

TTI evaluated the crashworthiness of a modified version @ tBe¢erminal with a steeper,
4:1 V-ditch according to safety criteria described in NCHRP Repor{350osts A, B, 1, and,2
numbered sequentiallgeginning atthe end anchomwere fully embedded below grade in the
backslopeat a minimum of 11.8 inPost nos.3 through 5Swere partially embedded such that the
upstream end of the guardrail and rubrail was buried in theAsoshown irFigure8, the guardrail
systemwas flared afour rates 4:1 between post nos. A, B, 1, and 8:1 between post nos. 2
through4, 8:1 between post nos. #hrough8, and13:1 between post nos. tBrough20. The V-
ditch consisted of &:1 foreslopewhich was6 ft wide with a2:1 backslopeontinuing behind the
rail. The top of the rail for the length of need was 27% in. above the shoulder grade

A W-beam rubrailvas installed 3 in. below the upper rail amdended from post nos. 2
to200 The rubrail was mio.dianetefbltstTbe rubrailewasconsected wi t h
to postno. 2, and the downstream end of the rubrail was connected to the back b [@istvith
ae -in. diametebolt. Post nos. A, B, and 1 were connected to the guatthiaig’zin. x 30-in. X
290-in. steel platesThe systeminstallation is shown ifrigure8 and he system layout is shown
in Figure9.

Figure8. Buriedin-Backslope Terminal with:4 Slope InstallationTest No. 4042113 [2]
9
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Testno. 40421113 was conductedccording to NCHRMReport No350test designation
no.3-35. The2000P vehicle impacted tisgstem at post no. 8, corresponding tolteéginning of
theLength of NeedLON). The vehicle was smoothly redirectedd came to rest 111ift6.6 in.
downstreanfrom impact satisfing all NCHRP Report No. 350 evaluatienteria The damage
to the system was deemed moderate censigthe deformation of both raild-he maximum
dynamic deflection was 2.8dihd the permanent set thierubrail and top rail were 17% andR27
in., respectivelyThe system damage is showiirigurel0. The test report summary page is shown
in Figure1l. Test no. 4042113 was determined to be successful according to NCHRP Report
No. 350 test designatiaro. 3-35.

Figurel10. Buriedin-Backslope Terminal with:4 Slope System Damagd,est No. 4042113
[2]

11
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2.1.3Testing and Evaluation of W-beamBuried-in-Backslope with Ditch (199)

Following the successful performance of BI8 system in a 6:1 Mitch, TTI evaluated
alternative anchorage options f@mW-beam BIB systenfd]. The anchor block was buried with
11.8in. minimum covemwhich transitioned into a Mitch with a70*/16-in. wide, 10:1 foreslope
and a354-in. flat ditchfollowed by a2:1 backslopeThe BIB systenutilized W-beamguardrail
and strong steel posts. The guardveals flared at 8:Dbetween post nod. through6 and13:1
between post nos.through22. Beginning at post no. 22, the guardrail was parallel ttréivel
way and extended for 100 ft. The height of the upper rail wasi@7measured from the shoulder
gradeand held constant througtt the systemTlhe BIB end treatment included standarédb®ans
connected t&W6x8.5steel posts using wood blockeainde -in. dia.buttonhead bok. All posts
were spaced 75 in. on centé&n RWEQO2 terminal connector was used in this installation to
connect the \Abeam to the concrete anchor bloEkur M24 x 50 galvanized hex head cap screws
were used to connect the terminal connector to the concrete block ahlbBoronnector was
splicedtothe Wb e a m w i t-ih. dianetgribolts, agd the rubrail was centered 13% in. below
the center of the Weam.The BIB systemwasflared 13:1through the ditchwith the bottom of
the ditch l@zated between post nos. 8 andBe systeninstallationis shown inFigure12.

Figurel2 BIB Terminal withDitch Guardraillnstallation Test No. 405521 [4]

Test n04055211, was conductedccording taNCHRP Report No. 350 tedesignation
no. 3-35. A Chevrolet2500pickup truck impacted the systemaaspeed 061 mph and an impact
angle of 213 degrees to the tangent section of the guardzpproximately7 in. upstream from
post no. 8 The vehicle wasmoothlycontained andedirected andame to a controlled stdy3
ft T 10in. downstream from the point of impadtest no. 405521 wassuccessful according to
NCHRP Report No. 350 criteria for test degtjonno.3-35.Thev e h i lerigth @ sontact with
the guardrail elements was 20 ft. The system was damaged betweaong@shroughl2. The

maxi mum post def |l ect osmm7. Thé systethgamiage is shovatagure r e d

13andasummary of the test results is showrFigure14.

13

at



October 22025
MwRSF Report NoTRP-03-496a25

Figurel3. Buried-in-BackslopeTerminalDamage Test No. 405521 [4]

14
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Dummy . ...... 76 z-direction .. ..o 23012 Max. Pitch Angle (deg} .. ... - -5.94
Gross Static .., . 2076 Max. Yaw Angle {deg) .... -3B6.11

Figurel4. Summary ofResults for Test No. 4055211[4]
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2.1.4Testing of W-beamBuried-in-Backslope with Drop Inlet (199)

A systeminvolving a drop inlet instead of a-dfitch wasalsoevaluated by TT[4]. The
system consisted standard WWbeam guardrail flared across the ditch witeend anchored to a
BIB concrete blockThe guardrail between post nosthtough6 was flared at 8:1, and thail
between post nos. through22 was flarecat 13:1 The top of the guardrail between post nos. 1
through6 wastapered from 20 in., measured from the shoulder grade at post ntm @/ in. at
the concrete block for thane treatment with the draplet. The guardrail beginning at post no. 22
was parallel to the travel wayndextendedfor 100 ft. The top of the rail was/2ain. high
measurd from the shoulder gradPosts were spaced at 75 in. on cernfteeBIB concrete anchor
block wasattached to the rail usingterminal connectorThe rubrail spannetiom post ns. 2
through 14with thedownstreanend of the rubrail connected to the back of the flange of post no.
14.

For the drop inlet configuration, tlitch was graded at 80:1slope for 8 fii 10 in.after
which the 2:1 backslope began. TH&B concrete block was anchored with a8tih. minimum
cover.The systeninstallationis shown inFigure15and he system layout is shown kigure 16.

SRS

Figurel5. W-beam Buriedn-Backslope with Drop Inlelinstallation Test No. 405522 [4]
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Figurel6. W-beam Buriedn-Backslope with Drop Inlet Schematjdsest N0.4055212 [4]
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Test n0.4055212 was conducted according tdCHRP Report No. 350 test designation
no.3-35. A Chevrolet2500 pickupruckimpactedhe systenata speed 060.3 mph andan angle
of 22 degreeat postno. 8. The vehicle was smoothly redirected and came tol&@sfti 9% in.
downstream from the point of impadtest no. 405522 was successful according to NCHRP
Report No. 350 criteria for test designation n@53The length o¥ehiclecontact with thesystem
wasapproximately24 ft i 3E in. The maximum dynamic dflection of theW-beamrail was2 ft
T 7% in.between postos.9 throughl0.The maximum permanent deformation of the rail elersent
wasl fti 7% in.at postno. 9. The system damage shownin Figure17 and a tessummary is
shown inFigure18.

Figurel7. W-beam Buriedn-Backslope with Drop InleiGuardrailDamage Test No. 40552-P
[4]
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General Information
Test Agency ...........

TestMo: wwsenmns wd v

Date........... .. .....
Test Article

Type: aas

NaMe v oo vio e e e

Installation Length {m}
Size and/or dimension
and material of key
elements . ..., 00
Soil Type and Condition
Test Vehicle
TYPe & i wys oot i s
Designation . . ..........
Model v oo sson o s
Mass (kg) Curb .........
Test Inartial
Dummy .. .....
Gross Static . . . .

Impact Conditions

Texas Transportation Institute Speed (km/h}

406621-2 Angle{deg) ...... .......
10/03/96

Exit Conditions
Terminal Speed (km/h} ..o o0
W-beam Buried in backslope Angle {deg) .............
114.3

Occupant Risk Values
W-beamn guardrail on steel posts Impact Velocity {m/s)
wiwaood blockouts, rubrail, drop inlet
Standard soil, dry ~

Ridedown Accelerations {g’s)

Production x-direction .. ...
2000P y-direction ......... 5 ermn
1990 Chevrolet 2500 pickup Max. 0.060-s Average {g's)
1955 x-clirection . . ..........
2000 y-direction . . ... .......

76 z-direstion wuweisimaeie
2076

Figurel8. Summary ofResults Test No. 40552-P [4]

x-direction ........ . ....
y-direction . ...........

. 97.00
. 21.97

. 61.71
. 8.28

. 773
. 5,53

. -7.56
7.27

. -5.97
v B.1F
. -6.21

Test Article Deflections {m)

Dynamic . ..... .. Jeasae. 0.80
Permanent . ........... 0.50
Vehicle Damage
Exterior
VDS« i svmmmssmmsmes . O1LFQS
CDE Y iAoy L O1FLEW3

Maximum Exterior

Vehicle Crush (mm) .... 600
Interior 3
LF0O100000

OCD|  cogrswrons s s
Max. Ocg. Compart.

Deformation (mm) ... .. 33

Post-Impact Behavior

{during 1.0 s after impact)
Max. Roll Angle (deg) .. ... 41.30
Max. Pitch Angle {deg) . ... -4.68
Max. Yaw Angle {deg} .... 36.74
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2.1.5Buried-in-BackslopeTerminal with MGS (2018)

In 2018, TTI redesigned the BIB terminal using standardM6JS The installation
consisted ohtangent MGSyuardrail system connected to a flarBtB terminalwith a constant
31-in. top mounting height relative to the roadway between postlidkrough40. The V-ditch
had a 72n. wide, 4:1 foreslope that initiated from the edge of the pavement, and a 2:1 backslope
with amaximum height of 66 in. measured from the bottom of the ditch. The bottom of the ditch
crossed the rail terminal between post nos. 9 an@iti®upstream end of the systerasdesigned
by the Texas Department of Transportatfd@rDOT). The guardrail was flared across alich,
while the endwas anchored to three -fi2 long steel postd20st nos. 1 through 3 were spaced at
37% in on center while all other posts were spacedan. on centerW-beam guardrail was
attached to 72n. long W6x8.5 posts andif. x &in. timber blockouts using 1. long, e -in.
diameterguardrail bolts.

TheBIB system incorporated three flare rates. At the downstream end of the rubrail, the
guardrail was flared at a 13ratebetween post no40through22. The rail was flare@tan8:1
ratebetween post nos. through10, anda 6:1 rate between post nod through6. Therail was
terminated at post no%.through 4with a 4:1 flare rateThe system sloped downwasthrtingat
post no. 10. Post nosand6 were partially buried ithe backslopand post nosl through4 were
fully buried in backslopeThe system layous shown inFigure19 and te systeminstallation is
shown inFigure20.

i Tolal RailLengin=  Test Installation

Plan View

xt sheet B -

Section A-A
Scale 1:50 3
Post and Rail details typical Section C-C
in LoN (Posts 22 - 39) Scale 1: 50

Figurel9. 31-in. Tall BIB Terminal with MGSLayout[5]
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Figure20. PretestPhotographsTest No. 6084301-2 [5]

Test no. 60843D1-2 was conducteadccording toMASH test designationo. 3-34. The
1100C test vehiclanpacted thesystem 8%2in. downstream from post no. 9, corresponding to the
beginning of ION of the terminalat a speedf 64.1 mph and the angle o#45 degreesDue to
the vehicleds interaction with the sl ope as
17.8 degrees to the roadway and 24.9 degrees with respect to the travel tangEné Nredicle
wassmoothly redirected by the system and came ta@3@&ft downstreanrom the impact point
and 45 ft toward trafficDamage to the test article was limited, comsgstf bent and deformed
posts, flattened Weam guardrail, and posts and blockathist disengaged frm the rail. The
maximum dynamic deflection was Qs in. at post no. 9, and the maximum plastic deformation
was 3%in at post no. 10Posttest damage photographs ah®wn inFigure21. The performance
of the BIB system with MGS was determined to be successful according to k&Sdesignation
no.3-34. A summary of the test results is showrFigure22.

Figure2l. InstallationDamage Test No. 60843D1-2 [5]
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‘{ 1 4 Elevation View ) -
{ ® / : .
() i
General Information Impact Conditions Post-Impact Trajectory
Test Agency.........cccovnene Texas A&M Transportation Institute (TTI) Speed s 64.1 mi’h Stopping Distance...................... 303 ft downstream
Test Standard Test No. ...... MASH Test 3-34 Angle* ..o ..14.5°/17.8°/ 24.9° 54 ft toward traffic
TTI Test No. ............... ... 608431-01-2 Location/Orientation........... 18.5 inches dwnstrm Vehicle Stability
[ F=1 6 D[ ——— 2018-06-01 of post 9 Maximum Yaw Angle ................ 44°
Test Article Impact Severity**................. 31 kip-ft / 59 kip-ft Maximum Pitch Angle ............... 6°
TYPE oo Terminal Exit Conditions Maximum Roll Angle..... AT
1 E= 11 (= SAR——— . Buried-in-Backslope Terminal ST =T To [ 49.9 mi/h Vehicle Snagging...... ... No
Installation Length 242 ft 7 inches Exit Trajectory Angle . . 9.1° Vehicle Pocketing .........c......... No
Material or Key Elements ... W-Beam Terminal flared back at 4 Exit Heading Angle............. 6.7° Test Article Deflections
different angles, for total setback of 14 f; Occupant Risk Values Dynamic 19.9 inches
31-inch rail height to the paved road; Longitudinal OIV ................ 141 ft/s Permanent.. ... 5.5inches
splices between posts; 4:1 foreslope; 2:1 Lateral OlV. s 20.3 ft/s Working Width.............. ... 25.3 inches
backslope; W-beam rubrail Longitudinal Ridedown........ 759 Height of Working Width ........... 32.0 inches
Soil Type and Condition ..... AASHTO M147-65(2004), grading B Soil Lateral Ridedown ............... 85¢g Vehicle Damage
(crushed limestone), Damp VDS .. ... 01RFQ4
Test Vehicle COC s ... 01FREW4
Type/Designation............... 1100C Max. Exterior Deformation......... 8.0 inches
Make and Model .. .... 2009 Kia Rio [© 61 D] NPT — RS0000000
Cuib.onnvaiiin ... 24751b Max. Occupant Compartment
Test Inertial .............cccoe.. 2427 b Deformation.........cccocccceeeeee None
Dummy ..o 165 1b
Gross: Static......ummmminis 2592 Ib

Figure22. 31-in. Buried-in-BackslopelerminalResultsSummary Test No. 60843D1-2 [5]
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A secondull-scale craskvas conductedccording tdMVASH TL-3 test designationo. 3-
35[5]. Testno. 60843D1-1evaluatedt he systemO6s r obustLONsvkBichat t he
was determined to be 19 in. downstream from post no. 9, corresponding to the point where the
system crossed the bottom of thelNth. The system and the point of impact are showrigure
23.

Figure23. ImpactLocation for Test No. 6084311-1 [5]

A 2012 RAM 1500 pickup impactetie systeni9e in. downstream from post no.&@a
speed o63.3 mphan@gnangleok 5. 4 degr ees. Due to the vehicl
it traveled into the ditch, the actual impact angle was 27.2 degrees to the readi®4y3 degrees
with respect tahe travel tangent line. The vehiclgas smoothly contained and redirectetd
came to rest 167 ft downstredrom the impact pointDuring impacta 4%2-in. tearoccurredin
therubrail at thesplicebetween post nos. 11 and The upper and lower Weam rails detached
from post nos. 12 through 13he maximum dynamicand permanerdeflectiors of the system
were both 517/16 in. Overall system damage is shownFigure 24. Test n0.60843101-1 was
deemed successful andiMASH TL -3 safety criteria for test designatinn. 3-35 were satisfied.
A summary of the test resultsssownin Figure?25.

Figure24. InstallationDamage Test No. 60843D1-1 [5]
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