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1 INTRODUCTION
1.1 Background

The Hawaii Department of Transportation (HDOT) utilizéisree beam approach guardrail
transition (AGT) to connect Vdeam guardratio concrete barriers and bridge rails. However, the
crashworthiness of this AGT under current impact safety standards has not been demonstrated.
This report documenthie system modificagns andull-scale crash tesig conducte to evaluate
the safety performancef theHDOT thrie beamAGT to concrete parapet in accordance \tiité&
American Association of State Highway and Transportation (AASHWV@pual for Assessing
Safety Hardware, Sead Edition(MASH 2016)[1].

HDOT 0 s coAdiatBEd ohested thrie beam supported by W6x15 postis a 6in. tall,
vertical curblocated below the thribeam guardrailas shown in Figure& through10. The
downstream end of the guardraicisnnected to a specialized concrete end pbBtlOT 6 s Ty pe 2
End Post. The end post can be cos#anftallgerticdd t o
concree bridge rail, as shown in Figurésthrough4, or HDi@ Tad gertichlZoncrete
bridge rail, as shown in Figur&through8. Note,thatboth of these bridge rails have previously
been evaluated tihe Test Level 3 (T43) criteria ofMASH 2016 P-3].

The upstream end of the AGVas originallytransitioned to \Wbeam guardrail utiiing a
symmetric Wto-thrie transition segent, as shown in Figureés 6, and10. However, HDOT
recenly adopted the Midwest Guardrail System (MGS), which raised thentapting height of
the Wtbeam guardrail to 31 in. Subsequently, the upstream end of the transition needed to be
redesigned to connect the taller-Wam systems to the AGRdditionally, modifying the
upstream end of the AGT to replicate previously MASH evaluated upstream stiffresssons
would reduce the number ofash tests necessary to evaluate the entire AGTefine, the AGT
system was todomodified as part of thisesearch studyn addition to evaluatinthe HDOT AGT
to concrete parapet thbe MASH 2016 TL-3 criteria

1.2 Objective

The objective of this repovtas toevaluae the safety performance tifemodified HDOT
Thrie BeamAGT between MGS and concrete parafdte system wasvaluated according to the
TL-3 criteria ofMASH 2016[1].

1.3 Scope

The research objective was achieved thrabhglcompletion of several taskbhe first task
includeda review of the existip HDOT AGT to concret@arapetthe identification opotential
safetyissuesandtherecommendtionof system modificatiogito improve the crashworthiness of
the AGT.The modifiedsystem washenconstructed andubjected tawo full-scale crash tesin
accordance witMASH 2016 testlesignatiomos. 3-20 and 321. The full-scale vehicle crash test
results were analyzed, evaluated, and documented. Conclusions and recommendations were then
made pertaining to the safety performaié theHDOT AGT to concrete parapet
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Srnee] Rh || aen
GENERAL NOTES FOR STANDARD BRIDGE o —
HAwalL | Haw. | STP-IS00092IR | 207 ! 0
RAILINGS AND TRANSITIONS
DESIGN _SPECIFICATIONS:
A, AASHTO LRFD Bridge Design Specificafions, 7th Edition, 2014 including all interim revisions.
B. State of Hawaii, Department of Transpurranm, Highways Division, “Design Criferia for
Bridges and Structures”, August 8, 201
MATERIALS:
A Reinfarced Concrefe: Class A (F'c = 4000 psi minimum) unless otherwise specified.
B. Reinforced Steel: Deformed and plain carbon stee! bars for concrete reinforcement shall ,SYMBOI'_S AND ABBREV}'AT]ONS
meet the requirements of AASHTO M3IMsM3I-07 Grade 60 (ASTM A6I5-15a Grade 60).
Deformed and Plain reinforcing bars which are shown to be welded in the plans shall Detail or Section Det. Detail 1B nbound R Radius
meel the requirements of ASTH AT06/ATO6M-15 Grade 60. designation m Dia, & Diameter IF. Inside Face Rawy FRoadway
C. Structural Steel: W-beam struciural steel shapes shall conform to ASTM A992/A9921-Il. Sheet No. Seotion XA AL . Dim. Dimension . In. Inch Ref. Reference
Structural steel plates and bars shall conform to ASTM A36/A36M-14. Al structural sfesl is cut or Sheel No. Defail  Dwg, Dwgs.  Drawing, Drawings Inf. Interior Reinf. Reinforcement
shall be hot-dip galvanized after fabrication in accordance with ASTM AI23/AI23M-15. Detzil Location is drawn inv. Invert g’ﬁ ” gersf_m:g
D. Guardrail bolts and recessed ruts .shall conform fo FBEOIG5 from "A Guide fo Standardized ) ) 5 el " Joint Reg Roquired .
Highway Barrier Hardware® AASHTO-AGC-ARTBD Joint Committee Task Force 13 Report. @ - & Bearing Abutment Seat Line - Ef:dn,c?;-f d o mr Right
E. Carriage boits and nufs shall conform fo FBCI0-20 From "A Guide to Standardized Highway G - Boring No. # Designation El, Elev. Fievation L Length RAW Right OF Way
Barrier Hardware” AASHTO-AGC-ARTBO Joint Committee Task Force I3 Repor] Emb, Embankment LBS, Ib, bs.  Pound, Pounds
F. High Strength bolts (Heavy Hex Structural Bolis) shall conform to ASTM A,'}25 14, Type I uniess Abut, Abutment EF. Edge of Pavement LF, Lin. Fi.  Linear Feet s South
afherwise specified and hot-dip galvanized in accordance with ASTM F2329/F2329H-15. “c. Asphaitic Concrete Eaq. Equal g Long g8, Soihinnd
G. Bolts (Hex and Heavy tex Bolts) shall conform fo ASTM A307, Grade A uniess ofherwise Adj. Adjacent fﬁ- Estimated Langit. Longitudinal 5 ng,a’ffg Feet
specified and hol-dip galvanized in accordance with ASTM F2329/F 2329M-15, Al :'feﬂ‘ nafe " ‘E-XE- g:ggv:‘?gn fri 'L-U";P Sum Shidr. Shoulder
H. Anchar bolts (and enchor rods) shall canform to ASTU FIS54-I5, Grade 105, Class 24, unless e ot Exist Existing Lo, Std Lighting Standard Shi. Sheet
otherwise specified and hot-dip galvanized in accordance with ASTM F2329/F2329M 15, " ) Exp, -fE} Expansion g ) Spe. Space
L Nuts for ASTM A325 bolfs shall be heavy hex and shall conform to ASTM AS63-I5, Grade DH & Baseline Ext. Exterior Max, Maximum Spod. Spaced
and hol-dip galvanized in accordance with ASTM F 2329/ F2329M-15. Bt Balance Mech, Mechanical Speg. Spacing
4. Nuts for ASTH A307 balfs shall conform fo ASTH AS63-15, Grads A and hof-dip, gahvanized gon i, Ostween ) Fixed Hin, Minimum opeet i
in accordance with ASTM F2329/F2329M-15. Nuts for ASTM A307 bolts size I)p" or less B F £ Bottom Feoting Elevation fe Specified Strengih of Misc. Miscellansous S'?; . ngfi on
shall be hex and for sizes greater than IJ5” shail be heavy hex. Back A Concrete 3. Standard
K. Nuts for ASTM FI554 anchor bolfs (and anchor rods) shall be heavy hex and conform t ,gm Bolt o Strength of Concrete at o Norih stirr. Stirruy
Time of Inifial Prestress  NB. Northbound 2
ASTM A563-15, Grade DH and hot-dip galvanized in accordance with ASTH F?JZG/FZJ?QM 15, Beam FF. Front Face NF W F. Str. Straight
L. Washers for bolts shall canform to ASTM F435-1i, Type | and hot-dip galvanized in sccordance with B, Bot, Bott.  Bottom Fig. Flgure Noo # Moo Strugt. Structural
ASTM F2329/F2329M-15. Washers for boifs shall be circular siyle unless ofherwise specified. Bridge ) Fin Finish NTS. Wot To Scale Y. Symametrical
M. Preformed expansion joint filler for concrete (bifuminous type) shall conform fo ASTM D994-11(20i6) Brg., Brgs.  Bearing, Bearings. Fin. Gr. Finish Grade
i i BV Beginning of Vertical Curve r Top
and shall be considered incidenial o contract pay ifems and will not be paid for separately. egInning ical Lurve  frg, Footing 0. Outbound Tarp. Teesporan]
¢ Cenfer Line ac. On Center Thk, Thick, Thvckness
CONSTRUCTION REQUIREMENT S: Canf. Cantilever Ga. Gage, Gauge OAG.’ Ouiside Girder T.0.0. Top Of Deck
A Refer_jo Hewsii Siendard Specifications for Rosd and Bridge Construstion, 2015 edition e Cubic Foet o Galvan(zed Ws g Tot. Total
i i isions. L EJ g
and Special Provisions. ‘ ‘ ) CIP. Cast Iron Pipe GRP. Grouted Rubble Paving ?’msv ir‘rapsvferse
B. Except as nofed otherwise, all vertical dimensions are measured plumb. cl. Cir. Clear Gr. Grade FB. Pull Box Yo ypical
C. For steel reinforcing, siagger all splices where possible. Col. Column Grd. Ground PL. Point of Curvature Var, Varies
0. Steel reinforcing shall be supported, benf and piaced as per AASHTO LRFD Bridge Design Conc. Concrate i £CC Portland Cement Concrefe V(. Vertical Curve
Specifications, 7th Edition, 2014 including all inferim revisions. Conn. Cannection H) Hinge Perf. Perforated vert. Vertical
E. For cast-in-place concrete minimum reinforcement cover shall be as Follows: Const. Construction Hariz. Horizonfal Al Prestressed Girder-(Type)
Concrefe cast against earth: 37 Cont. Continuous HS Htgh Strength PL Piate W Wesr
Walis: v CRM Cement Rubble Masonry HE Height P/S Prestressed Strands W/ With
Curbs and Railings: P CY, Cu. ¥d. Cubic Yards Hwy. Highway Pyt Pavement W, Wingwal!
Slab tops: 2"
Measured fo the closest part of fhe bars.
F. Af the time concrete is placed, reinforcing shall be free from mud, oif, laitance or other
coalings which may adversely affect bond strength.
G. ANl reinforcement, dowels and otfier embedded items shall be positively secured before pouring.
H. Minimum clear spacing between parallel bars shall be one and one-half (16"} times the diamefer AUG 21 2017
of the larger bar (for non-bundled bars), but in no case shall the clear distance befween the
bars be less than one and one-half (1[5") limes the maximum coarse aggregale size.
2 AL!,fn ’gggegiﬁraigl;ﬁ?gam reinforeing bars (eg. spacing of bars efc) are to centers of bars CONSTRUCTION REQUIREMENTS con't: @R AF i
K J. Al footings shall bear on firm undisturbed natural soils or properly compacted structural fill, b 'Ef;eg%;,rgéﬁ%id Plans for adaifiapaldefalls, ad, ddios Aot lcovered by devalls nd
I K. The welding of reinforcing steel shall be in accordance with the Structural Welding Q. Anchor boifs shall have sufficient length when installed to ensure that the DDH projects at
i Code-Reinforcing Stesl AWS DI4/01.4M 2011, igast Jg" beyond the fop of the nut but should not project more than %" Anchor bolts o
i L. The welding of structural steel shall be in accordance with the Structural Welding Code shall not be out of plumb more fhan 1:40 Horizontal: Vertical. DERRRTRENT B T BORTATION
: AWS DLI/DLIM 2015, R. Bolts and high sﬁrengrn bolts shail have sufficient length when instailed to ensure that ihe HIGHWAYS DIVISION
H M. The Contractor shall conduct his work in such a manner and provide such temporary sharing bolt projects at feast J" beyond the nuf but should not project more than 1" il' RA”_ I ]’RA”S ;r ﬂﬂs
or other measures as may be necessary fo insure the safety of all concerned and fo protect
existing structures. GE HE RA[ HGIES am'
N. In the event of over excavation, the space between the fooling or footing key and the ground
shail be filled with a minimum of class D concrete af the Contractar’s expense at no SWMLS ﬁm MMR! V!A”@!
cost to the State. CHA.SH Ti STHIB OF VARJ'WS iR
! 0. Uniess noted otherwise chamfer all exposed concrete edges thres-quariers (3/4) of an inch. Pr IP- )R
Scale:_As Noted Osie: Aug 207
SHEET No. @ OF 2 SHEETS

Figure9. HDOT AGT Details Material Specifications and Notes
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FED.ROAD|gyarg| FED. AID | FISCAL | SHEET| TOTAL
NOTES. } 26" DIST. NO. PROJ.NO. | YEAR | NO. |SHEETS
o ) HAWAI | HAW, » i

4. The work necessary fo conneot guardrail fo ine concrefe end post shail L, ! e L T

include all labor, materials, tools, and i necessary fo ! !

complete the work and wiil nof be paid for s&parafe/y e TS 3
&, Lap terminal connector and rail efements in the direction of traffic to Guardrail connection ref. line I b 105" =

prevent snagging. # 2-%x2lh" slots for %"d == > ol o 3-1%" i} 3-il%”
Bolits shall have sufficient length when installed to ensure that the nut past bolts or anchor bolfs. 3 2'min T Zmin. 4 7 bes Ui dZ

is at least fiush but should not project more than % The Contractor
will not be allowed to cut, grind or otherwise alfer the boit to meef fhis m
e

o

2

2%

e € post bolf

— siot e
H 9, S i
R Y2l

reguirement unless it is done during the fabrication of fhe bolt prior
to gatvanizing.

D. The "Terminal Connector”, "Transition Section”, backup piate and thrie - - <
beam shall be fabricated from I0-gauge steel conforming to the 0 3 '?’S
requirements of AASHTO M 180 Type 1, Class B and be galvanized
after fabrication.

E. Cap (Bearing) Plate shall be fabricated from structural steel conforming

fo ASTM A36/A36M-14 and shail be hot-dip galvanized afier fabrication

in accordance with ASTM AI23/AI23M-15. 55 holes

The first 25-0" of guardrail adjoining the “Terminal Connector” shail be % anch%ﬁsbolo:g ] 26"

placed tangent to the concrefe iransifion front face or pabral;e/ fo the 5 (Use at posts where splices

roadway, uniess conditions et the site renders it impossibie fo do so. VAT ION do not eccur.)

Flare point fo be determined in field. ELELATION TRANS]T]ON SECT]ON

G. Al w-beam quardrail shall conform fo the requirements of AASHTO MIB0 TERMINAL CONNECTOR BACKUP PLATE  RAIL SPLICE Seale I =
Type 11, Class A and be gaivanized after fabrication. Scale: 1" = 1-0" Secale: 1 = 1-0" Scale: 1" = 10"

H. Double nest the first panel of thrie beam guardrail adjoining all endpost % @xily tong

connections, excep! on highways wilh one-way Iraffic palfern (one-way button head Y B x2"ong

ramps or divided roadways), use single thrie beam slements af frailing ends. 2 splice bolts [~ Lotton head

Where double nested ihrie-beam occurs the 12” backup plate is nof required. ;, / 15 TE a W/ DTS ey rail bolts w/nuts

' bac ! 8 WExI2 ~ '28 2 x # washers

Head of alf bolts shall be placed on the fraffic side of the rail. oY \ i 5

Structural Steel: W-beam structural steel shapes shall conform to ASTM ;\g T L Steaxlb”

A992/A992M-11.  Structural steel plates and bars shall conform to ASTH & Thrie Ty | b f long post

b o e B
b %) ;
T

post boit &

i
i
=1
|

o 4w¢ f —

- .Q, slot __._____,_g, -

-
o
=
== | ==
J\— splice bolt L i Y4rx2l" post
\ &2t shot: % x2lf shot —T8'x1l" splice bolt siot (typ) —~
SR NG sols post bolt slot ~ boit siot (typ)

S

.

Pl ity

A36/A36M-14. bolis w/nuts
L. All structural steel shall be hot-dip galvanized after fabrication in ¢ washers
accordance with ASTM Ai23/AI23M-15,
. All WexI5 guardrail posts shail be clearly stamped during fabrication
“WéxI5" on each post.

LV
< = wexi5
T Metal
FRONT  SIDE  REAR Metal spacer |

block Wex12 -
SPACER BLOCK DETAILS /> v

Scale: I” = 1-0”

=

110"

[~ W6xi5 -+

SINGLE UBLE Ground line, shouider, 2
SECTION THRU o oo i3 ;
RAIL ELEMENT i
. Scales 15" - 10" i
%’T ,-l’? i Lot
| 1 I —
(] m ' : T
L F . P
[Designator L i ]
5 P n TYPICAL SECTION FRONT SIDE
FBAOI - ButtonHead, Spllc.e Bolt I/ql STEEL WASHER FOR 5 “s BOLT ALl At L0 Y RONT {3
FBBO2 - Button Head, Rail Bolt | 2" Soaer B 10 7% R I R T POST DE TA] LS
s Mo Scale: 1" = 10" Scale:
4 A6\ recess. m;s -
m T\ both sides I I
_™ : ‘ o
(@) O £ O Emm=s|
5/ g BiUTTON HEAD BOLT %l Hex Nut 94"l Hex Boit s DEDARTMEN:;(E::FT;?\?E:SLZORTATION
& RECESSED NUT FOR % 8 HEX BOLT STMDARD BRIDGE RAILINGS & TRANSITIONS
SPLICES ¢ RAILS NUT FOR POSTS % o METAL GUARDRAIL TYPE 3 THRIF BEAM
Scale: 67 = 107 Scale: 6" = /0" ADG 21 2017 and APPURTENAKCES DETAILS
g} @ @ CRASH TESTING O VARIQUS BRIOGE
METAL GUARDRAIL TYPE 3 THRIE BEAM AND APPURTENANCES DETAILS 2y a\ ] ? et T

. SHEET No. §2 OF 2 SHEETS

Figure10. HDOT AGT Details Guardrail and Camection Hardware
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2 DESIGN DETAILS
2.1 Design Modifications

As describegbreviously, the upstream region oetRIDOT thrie beam AGT wasodified
to include the MGS with a topail mounting height of 31 in. Specifically, the MGS upstream
stiffness transitionwhich was successfully evaluated and crash tested to MASH, Was
incorporated into the HDOT AGT design. The MGS upstream stiffness transamdesigned to
transition from 31in. tall W-beam guardrail to the stiffened thrie beam regions of AGTs using an
asymmetrical Wto-thrie transition rail segment and standaiftl I®ng W6x8.50r W6x9guardrail
posts fi]. The MGS stiffness transition was designed to be compatiltheaniariety of thrie beam
AGTSs. Thusiits inclusion withinthe HDOT AGTwould only require modifications to a few
componentsall of which were discussed with HDOT prior to the finalization of the new AGT
design

Merging the HDOT AGTand the MGS upstream stiffnesansition required the usd o
the asymmetrical Wo-thrie rail segment and a rearrangement of the posts. The taguré11
shows the original HDOT AGT, while the bottom of the figure showa#tested MGS upstream
stiffness transition. The middle Bfgurell depicts he merging of the twiransitions to create a
modified HDOT AGT. Notahatthe length of tk thrie beam and transition rail segments remained
the same. The adified HDOT AGT incorporated twmore posts than the original HDOT AGT,
butthe additional posts located within the upstream stiffness transi@deemecdhecessary to
provide a smootlhransition between standard MGS and the stiffened, nested thrie beam region of
the AGT. Further elimination of posts in this region of the system would require additesis
to evaluatehe safety performance this region Additionally, the number oftte larger W6x15
transition postsvas reduced from eight to fquandonly post nos. 1 and 2 were spaced 18.75 in.
apart. The rest of the W6x15 posts were spaced at 37.5-aenber.

HD O T orginal AGT wasdetailed with a top rail height of 38., asnated inFigurell.
However, most thrie beamGTs, the MGS stiffness transitioand the MGStself have nominal
rail mounting heights of 3ih. Therefore, the temounting height of the thrie beam was reduced
from 32 in. to 31 in. within the modified transition.

HDOT6s Type D2 End Post is 34 in. timl |, S0
thrie beam. Due to concernswghicle sng on the upstream end of the end post above the rail, a
vertical taper measuring 2 in. vertically and 12 in. longitudinally was placed on the upstream end
of the parapetNote, this taper wasot included in the sketches figure 11 as it would be too
small to see clearly, bittwas incorporated to the test articlé detailed drawings.

The original DOT AGT used W6x12 steel blockoutsetween the W6x15 posts and the
guardrail segmentsHowever, wideflange steel blockouts have been associated muithiple
performance issues. Firghe thin, single web of wid#ange sections make the blockout more
vulnerable to buckling, which allows for increased lateral displacena increases the risk of
vehicle snagSecondthe flange edges of wietange sections represent relatively sharp, hard
points that induce stress concentragitihvat can lead to tearing in the raeviously, rectangular
HSS tubeblockouts have beedeveloped for use within AGTssahey are much less likely to
buckle/fail under lateral loading and have rounded edges that greatly reduce the risk of rail tearing
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[5]. Therefore, the modified HDOT AGT incorporated rectangular HSS tube blockouts instead of
the previoususedW6x12 blockouts.

The original HDOT also specifiet?-in. backup platefor usebehind the guardraéxcept
for post locations adjacent teested ail sectiors or atrail splices. The modified HDOT AGT
designlimited the amount bbackup plateto only two post locationsithin the entire AGT
Further,the risk of rail tearingvas reducedby the switch tdHSS tubeblockouts. Subsequently,
backup platesvere deemednnecessargnd were removed from the modified HDOT AGT

A total of seven bolts were used in the original HDOT AGT to anchor the thrie beam to the
Type D2 En din 8angtebplts in thertermi&) connector antivo e -in. diameter bolts
through the center of the splice between the terminal connector and the nested thrie beam. Previous
MASH crash testing of thrie beam transitions has shown thédt thes-m. di@meterbolts are
sufficient to anchothe rail[6-9]. Thus, the extrawo bolts in the center of the spliagere removed
from the modified HDOT AGT.

Finally, the 6in. curb located beneath the thrie beam rails flagd away from the
roadwayto mitigate wheel snaig the original HDOT AGTdesign. However, the same flared curb
would interfere with the placementtjpost no. 7 in the modified HDOT AGT, as showrFigure
12. Multiple options were investigated to alleviate this issnguding reducing the lateral flare
of the curb and reducing the length of the curb such that it terminates within tha.3p&cing
of the W6x15 transition posts. Ultimately, HDOT decided to eliminate the flare and instead
terminate the curb with aevtical taper, as shown at the bottonfrigfure12. Note, the longitudinal
length of the tangent curb in the modified HDOT AGT remained the same as the flaredtbarb in
original HDOT AGT.
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Originol HDOT AGT with Type "D2” End Post

concrm Barrier | 2 Nested 12-go. 12-go. Symmetric 12-go.

: go- 3
. i ThnfsoB_eum Thﬁe_}sﬂuum Tru_"ngl.tlnn ‘ W-Beam
] _[ i I

' INEREE

- 6—ft WEx9 Posts
75 o 75"

8'-9" WBx15's__| 6'-9" WBx15 Posts
o 18.75" o 375"

Modified HDOT AGT with Type "D2” End Post

— _ Type "D2° 10—
Concrete Borrier | 2 Nested 12—ga. 12-ga ki 12-ga

s TR R .
S:FI_[ —H I ﬂ I I I :%
| | |

6'-9" wsns‘._J Ls'—s' WS!15'a_J 6-ft WEx9's 6-ft WExd's 6~ft WEx's
© 18.75" 0 37.5" 0 18.75" © 375" © 75

MASH Tested MGS Upstream Stiffness Transition

ID—gu

2 Nested 12-ga. . 12-ga.
= Thrie Beom 150" __T"”’ B“’"'__ Trun-iuon W-Boam

T InlnEE

~Bridge Rail

7—ft WEx15 6—ft W6x9 6—ft WEx9's | 6—ft W6x9's
o 37.5" © 18.75" © 375" o 75"

Figurell Modified HDOT AGT with Inclusion of MGS Upstream Stiffness Transition
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Original HDOT AGT with TYPE D2 End Post
Original Curb Configuration

- 1763" : ; ; }

108"

Modified HDOT AGT
Original Curb Configuration

- I 5. | N I

Modified HDOT AGT
Tangent Curb — Vertically Taperd

B . S S . W NI O s N

1763"
140" 36"—

— |
Sm— |

H_. |
=

Figurel2 Modified HDOT AGT with Inclusion of MGS Upstream Stiffness Transition

2.2 TestArticle Detailsi Modified HDOT AGT

Themodified HDOT AGTtest installatiorwas approximately 83 ft long amdnsistedf
a concrete parapetransitian, a thrie beam AGT, MGSand a guardraianchorage systenas
shown in Figured3 through4l. Photographs of the test installation are showirigures42
through 44. Material specifications, mill certifications, and certifies of conformity for the
system materials are shownAppendix A

At the downstream end of the test installatitvere existedn 8-ftlongv er si on of HDO
Type D2 End Post. Since the downstream half of the end post was not expected to interact with
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the test vehicles, the length of the end post was reduced from its standatentsh toreduce
installation costsThe test installation erbst was 34 in. tall, 18 in. widand was reinforced with

a combination of longitudinal and lateral steel rebar. The vertical steel bars of the end post were
anchored direty to the nonrreinforced existing concretarmacusinga chemical epoxy with a
minimum bondstrength of 1,450 psihe upstream end of the end post was sloped vertically with

a 2in. x 12in. taper. The face of the end post was recessed 4 in. at the location of the guardralil
terminal connector so that the face of the thrie beam vaatyriish with theface of the concrete
parapet. The concrete was found to have a compressive strergibroximately4,900 psi prior

to crash testing.

The downstream end of the AGW¥as comprisedof 12.5 ft of nested thrie beanail
supported by W6x15teel posts at various spacings, while the upstream end of the AGT
incorporated thgreviously MASH testedMGS upstream stiffness transitip4] to connet the
AGT tothe adjacent MGS. All guardrail segments had a top mounting height of 31 in. Blockouts
within the AGT consisted of rectangular HSS steel tubke.W6x15 posts wereftlong, while
the W6x8.3W6X9 posts were 6t long. To ensure the width of the blockgsumatched the width
of the posts, 6n. wide blockouts were used with W6x15 posts, and. 4vide blockouts were
used with W68.5W6x9 posts.

A 6-in. tall concretecurb wasplaced below the AGT with itsont face flush with the face
of the guardrailThecurbbegarat the upstream end of the concrete end posts and extended 176.25
in. upstreamThe curbwas terminated with a vertical taper measuring.4vertically by36 in.
longitudinally prior to extending below the asymmetricait@vthrie transition sgment A 4-in. x
12-in. vertical taper was applied to the downstream end of the curb adjacent to the concrete end
post to mitigate wheel snag on the end post.

Approximately 37.5 ft of MGS extended fmothe upstream end of the AGT. This MGS
region of the tst installation utilized plastic blockouts manufactured by Mondo Polymer
Technologies.

Finally, a guardrail anchorage system typically utilized as a trailing end terminal was
utilized to anchor the upstream end of the test installation. The guardrail anchorage system was
originally designed to simulate the strength of other crashworthyeeminials. The anchorage
system consisted of timber posts, foundation tubes, anchor cables, bearing plates, rail brackets,
and channel struts, which closely resembled the hardware used in the MBd#a@way Cable
Terminal BCT) system. The guardrail enorage system has been MASH-3Icrash tested as a
downstream trailing end terminfdl0-13)].
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(1) Test shall be performed according to test designation no. 3—20 of MASH
2016.

(2) The impact location is 60” [1,524] upstream of the concrete buttress.

(3) BCT anchors are placed in 3’ [914] diameter holes, then backfilled and
tamped with soil.

(4) Critical region is located between post nos. 11 and 19.
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Notes: (1) Test shall be performed according to test designation no. 3—21 of MASH
2016.
(2) The impact location is 84” [2,134] upstream of the concrete buttress.
(3) BCT anchors are placed in 3’ [914] diameter holes, then backfilled and
tamped with soil.
(4) Critical region is located between post nos. 11 and 19.
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Figurel7. Type D2 EndPost and Terminal Connectorest Nos. HWTT-1 andHWTT-2
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