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APPROXIMATE CONVERSIONS TO SI UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
in. inches 25.4 millimeters mm
ft feet 0.305 meters m
yd yards 0.914 meters m
mi miles 1.61 kilometers km
AREA
in? square inches 645.2 square millimeters mn?
ft2 square feet 0.093 square meters m?
yd? square yard 0.836 square meters m?
ac acres 0.405 hectares ha
mi? square miles 2.59 square kilometers km?
VOLUME
fl oz fluid ounces 29.57 milliliters mL
gal gallons 3.785 liters L
ft® cubic feet 0.028 cubic meters m®
yd® cubic yards 0.765 cubic meters m®
NOTE: volumes greater thah000 L shall be shown in‘m
MASS
0z ounces 28.35 grams g
Ib pounds 0.454 kilograms kg
T short ton (2,000 Ib) 0.907 megagrams (or A1 Mg(or"t"
TEMPERATURE (exact degrees)
o . 5(F32)/9 . o
F Fahrenheit or (F32)/1.8 Celsius C
ILLUMINATION
fc foot-candles 10.76 lux Ix
fl foot-Lamberts 3.426 candela per square meter cd/n?
FORCE & PRESSURE or STRESS
Ibf poundforce 4.45 newtons N
Ibf/in® poundforce per square inch 6.89 kilopascals kPa
APPROXIMATE CONVERSIONS FROM SI UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
mm millimeters 0.039 inches in.
m meters 3.28 feet ft
m meters 1.09 yards yd
km kilometers 0.621 miles mi
AREA
mmn? square millimeters 0.0016 square inches in?
m?2 squaremeters 10.764 square feet ft2
m?2 square meters 1.195 square yard yad?
ha hectares 2.47 acres ac
km? square kilometers 0.386 square miles mi?
VOLUME
mL milliliter 0.034 fluid ounces fl oz
L liters 0.264 gallons gal
m® cubic meters 35.314 cubic feet ft3
m® cubic meters 1.307 cubic yards ya®
MASS
g grams 0.035 ounces oz
kg kilograms 2.202 pounds Ib
Mg (or "t") megagrams (or fl 1.103 short ton (2,000 Ib) T
TEMPERATURE (exact degrees)
°C Celsius 1.8C+32 Fahrenheit IE
ILLUMINATION
Ix lux 0.0929 foot-candles fc
cd/m? candela per square meter 0.2919 foot-Lamberts fl
FORCE & PRESSURE or STRESS
N newtons 0.225 poundforce Ibf
kPa kilopascals 0.145 poundforce per square inch Ibf/in®

*Sl is thesymbol for the International System of Units. Appropriate rounding should be made to comply with Section 4 of ASTM E3¢
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1 INTRODUCTION

1.1 Background

The Hawaii Department offransportation (HDOT) utilizes a thrleeam approach
guardrail transitiofAGT) to connect Wbeamguardrail toconcrete bridgeails. However, the
crashworthiness of thigransition attached tothe 42in. tal, solid concrete bridge rail with
aestheti¢c recessedrounded panels and-f6 sidewalk with approach ramphas not been
demonstrated under curtempact safety standardBhis report documents futicale crash testing
conducted to evaluate the safety performanée H Dt@rie-beamAGT attached t@42-in. tall,
solid concrete bridge railing with aesthetiecessedrounded paneland a 6-ft sidewalk with
approach rampccording to the Test Level 3 (12) criteria of theAssociation of State Highway
and Transportation Official PAASHTO) Manual for Assessing Safety Hardware, Second Edition
(MASH 2016) p].

Researchers at the Midwest Roadside Safety Facility (MwR&HEfiedHDOTG6s t hr i e
beamAGT designto safely transition from Wheam guardrail to a rigid concrete paragtThe
modified AGT consisted of nested thrieamrail supported by W6x15 and W6x9/W6x8.5 steel
posts and was at t a-ddsignddreinforcet @Craiedend posp, the Tiyme D2 y
End Post. The AGT was also designed for use withra fall curb placed below the thrlzeam.
Al t hough not originally part of HDOT6s AGT des
the Midwest Guardrail SystemMGS) stiffness transition utilizing an asymmetrical-é#thrie
transition segment to ensure a crashworthy connection between the upstreaam\énd the
downstream nested thfieam.The modified HDOT thridbeam AGT including a concrete
parapet, transitionlMGS, and a guardrail anchorage syst&smnshown inFiguresl through3.
Details regarding the design modification of the HDOT thw@m AGT can be found in
MWRSFO&s pr evi ou s[2.ytshpuldibd notedhihatdhe42edall, aasthetic concrete
bridge rail systenwithout a sidewalk wapreviously evaluated to ttHdASH 2016TL-3 criteria

[3].

Furthermore, twdull-scale crash tests were conducted omibdifiedHDOT thrie-beam
AGT to investigate the safety performance according-t@ criteria in MASH 20162]. Test nos.
HWTT-1 and HWTTF2 were conducteger MASH 2016 test designation nos:28 and 321,
respectively. In botkests, the transition successfully contained and safely redirected the vehicles.
All occupant risk measurements were within the established MASH 2016 limits. Therefore, test
nos. HWTTF1 and HWTTF2 were deemed to have satisfied all safety performanceayaad the
modified HDOT thriebeamAGT to concrete parapet was determined to be crashworthy to MASH
2016 TL-3 criteria

The modified HDOT AGT system in this research study was similar to HDGQVGT
systemthat wasfull-scale crash tested in tesis. HWTTF1 and HWTTF2. However,the current
AGT wasconnected t@42-in. tall, solid concrete bridge railing with aesthetecessegounded
panelswith a 6ft wide by 6in. tall, taperedsidewalkwith an approach ramp on the upstream end
which was peviously crash tested and met MASH 2@t#eria [4]. The sidewalk waanchored
t o MwRSF §,snremnforcesl tonanete tarmac using epoxiedtica, steel dowel bars. A
curb was located under a portion of thee-beam AGTsystem. The upstream stiffness transition
utilized the MGS and asymmetric-eam tahrie-beamtransition section

1
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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

(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

(4) Critical region is located between post nos. 11 and 19.
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Figure3. Test Installation Photographs, Test Nos. H\AWITand HWTTF2 [2]
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1.2 Objective

The objective of this research was to cond
thrie-beam AGTattachedo the 42in. tall, solid concrete bridge railing withestheticrecessed,
rounded panels with af6 wide by 6in. tall sidewalkwith an approach ram@he system was
evaluated according to the 3_criteria of the MASH 2016.

1.3 Scope

Two fullscal e crash tests wer ancAGh ditachédeodtheo n HEL
42-in. tall, solid concrete bridge railing witkestheticrecessed, roundgzhnels with a 6t wide
by 6-in. tall sidewalk according to MASH 2016 test designation neg) and 321. Next, the
full-scale vehicle crash test results were analyzed, evaluated, and documented. Conclusions and
recommendations were then madmutthe safety performance of the HD@ystem.
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2 DESIGN DETAILS

The barrier systemsed for thdest installatiorhada total length of 184 ft 6% in.and
consisted ofa concrete parapet, thrlmeam AGT, MGS, a guardrail anchorage systamy
concrete bridge rail with-& wide sidewalkand an approach ramgs shown irFigures4 through
39. Photographs dhetest installation are shown iguresA0through43. Material specifications,
mill certificates, and certificates of conformity for the systentemals are shown in Appendix A.
Notethatthe drawinginclude details for the entire system, inclusive ofttiree-beam AGT, W
beam rail installationand end anchorage systerfihe downstream end of the barrier system
consisted of a reinforced concrete bridgewatih a total length of 88 ft 1% in.and measured 42
in. tall and 10 in. wide, as shownhigure4.

Thedownstreamend di D O T 6 s-beanhAGT acomprisedl2.5 ftof nested thridbeam
rail supported byV6x9 andw6x15 steel posts at various spacingse upstream end of the AGT
incorporated the previously MAStstedMGS upstream stiffness transition to connect the AGT
to the adjacent MGSApproximately 3 ft of the MGS extended from the upstream end of the
AGT and was anchored using an MGS trailing end anchor sy3teenanchorage system was
originally designed to simate the strength of other crashworthy end terminals. 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 Modified Breakaleay C
Terminal (BCT) system. The guardrail anchorage has been MASH G€iashtested as a
downstream trailinggendterminalsysteny5-8].

The W6x15 posts were 61ft6 in. longandthe W6x8.5/W6x9 posts were 6 ft lonll
guardrail segments had a top mounting height of 31 in. Blockouts witeiAGT consisted of
rectangular HSS steel tub8® ensure the width of the blockouts matched the width gbdlsés
6-in. wide blockoutswere utilized with W6x15 posts, andid wide blockouts were used with
W6x8.5/W6x9 postsPosts were embedded inte@mpacted, coarse, crushed limestone material,
alternatively classified as wejiraded gravel by the Unified Soil ClassificatiSgstem thatnet
American Association of State Highway and Transportation Officials (AASHTO) standard soil
designation M147 Gre B The MGS region of the test installation utilized plastic blockouts
manufactured by Mondo Polymer Technologies.

An 18t long concrete transition buttress was attacheatie@upstream end of the byl
rail. The upstream end of the buttress wasrn32all, and the downstream end was/4®. tall.
Theconcretdransition buttreswas 18 inwide andreinforced with a combination of longitudinal
and lateral steel reinforcement bars. The vertical steel bars of the cdndteteswere directly
anchaed to the nowmreinforcedconcretetarmac using a chemical epoxy with a minimum bond
strengthof 1,450 psi.The concretdor the transition buttresswas found to have a compressive
strength of approximately 340 psibeforecrashtesting.

A 6-in. tall corcrete curb was placdakelow theAGT with its front facetaperedwith a
6V:1H slope and flush with the facd# the guardrail. The curb began at the upstream end of the
concrete end post anektenad 1767 in. upstream The curb was terminated with a taper
measuring in. vertically by 36 in. longitudinally prior to extending below the asymmetricéd\W
thrie transition segment. Aih. verticalx 24-in. longitudinaltaper was applied to the downstream
end of the curbdjacent to the concrete end post to mitigate wheel snag on the end post

6
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{2) Washers (part g1) placed between nuts (part f2) and inner Thrie Beam
saction (part al).

(3) 1 1/4" Guardrail Bolts (part f3) may be used in place of 2" Guardrail Bolts
{part f8) in the nested Thrie Beam splices if the nut (part f3) can be fully
threaded onto Part 3.
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Figure26. Cable Assembly and Anchor Componefitsst Nos. H42STL and H42S72
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Figure27. Guardrail Section Detail§est Nos. H42ST. and H42S72
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Figure28. Rail Transition and Component Detail®st Nos. H42S51L and H42S12
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ltem No. Size anr Unbent Length Material Specification Hawaii Phase 2 31 of 41
el8 #4 & 1196" ASTM AB15 Gr. 60 Systems 3 and 4 I
819 #4 1 1005 1/2" ASTM A615 Gr. 60 Test Nos. H42S—1-2 and|™*/™"
- H425T—-1-2 (e
e20 #4 125 101 8/16 ASTM AB15 Gr. 60 ; . Sidewalk Rebar Details A,
. Midwest Roadside L
e21 #4 11 50 11/16 ASTM AB15 Gr. 60 Safety Facility [ e
e22 #4 11 64 1/2" ASTM AB15 Gr. 60 HHZS=HAZST_R17 ﬁ:n R

Figure29. Sidewalk Rebar Detail§est Nos

. H425T and H42S72
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BILL OF BARS
ltem No. Size qQry Unbent Length Material Specification
25 #5 30 260" ASTM AB15 Gr. 60
a28 #5 275 60 3/16" ASTM AB15 Gr. 60
e29 #5 18 47 13/16" ASTM AB15 Gr. 60
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Figure30. Parapet Reinforcement Dd&iTest Nos. H42ST and H42ST12
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ltem No. Size aTy Unbent Length Material Specification Test Nos. H425—1—2 and|™®/2/
e23 #5 4 340 9/16" ASTM AB15 Gr. 60 H42ST—1-2 lormrs]
o724 #5 1 340 5/8 ASTM AB15 Gr. 60 Midwest Roadside End Post Reinforcement Details Lie/SB/0
e26 #5 4 334" ASTM AB15 Gr. 60 Scfety FI‘JCI|Ity WG, FAME. SCALE: 1110 [REV. BY:
e27 #5 1 334 1/8" ASTM A615 Gr. 60 HAZS—HzsT_RI7 i 7 )

Figure31. End Post Reinforcement Detailest Nos. H42S1 and H42S712
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Part e15
#4 Vertical Stirrup
#4 Vertical Stirrups
Height (x)| QTY |Height (y) Lnsnurll'it #6 V:?t?::uflgtirrup
41* 1 |39 1/2"| 58 1/8" #€ Vertical Stirrups
42" 1 |40 1/2"| 59 1/8* Height (x)] QTY [Height ()] [Treit’
43" 1 |41 172" | 60 1/8" 41 5/8"| 2 |38 7/8" |59 3/4
44" 1 |42 1727 | 81 178" 43 1/8" | 2 |40 3/8" |61 1/4
457 1 |43 1/2" | 82 1/8" 44 1/27 | 2 |41 374" | 62 5/8"
46" 1 |44 1727 | 83 1/8" 48" 2 |43 1/4" | 64 1/8"
47" 4 |45 1/2"| 64 1/8" 47 1/2"| 2 |44 3/4" | 65 5/8" Hawaii Phase 2
51" 1 |49 1/2"| 68 178" 48 7/8" | 2 |46 178" | 67" Systems 3 and 4
52" 1 |50 1/2"| s9 1/8" 50 3/8" | 2 | 47 5/8" | 68 1/2" -}[l?l-SZtSTN—O?'— 5'425-1—2 and
53" 1|51 1/2°| 70 1/8" 51 7/8"| 2 |49 1/8" 70" Mid t Roadsid Transition Buttress Vertical
54" 1 |52 1/2°| 71 1/8" 53 1/4"| 2 |s0 1/2"| 71 3/8" ISCl#gts}’ Fggili?;( €| tirups R .
55" 1 |83 172" 72 1/8" 54 3/4" | 1 |52 3/4"| 72 7/8" HH2S-HIZST_R17 n

Figure32. Transition Buttress Vertical Stirrupest Nos. H42SL and H42S12
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BILL OF BARS
Part No. Size ary Unbent Length Material Specification
L) #6 1 49 7/8" ASTM AB15 Gr. 60
el #6 1 51 7/8" ASTM AB1S Gr. 60
ell #6 1 54 5/8" ASTM AG15 Gr. 60
el2 #6 & 34 37167 ASTM A615 Gr. 60
eld #4 1 49 9/167 ASTM AG15 Gr. 60
al4 #4 2 52 1/8" ASTM AB1S Gr. 60
el7 #6 3 52 3/8" ASTM AB15 Gr. 60

Midwest Roadside
Safety Facility

Hawaii Phase 2
Systems 3 and 4
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Figure33. Transition Buttress End Reinforcemghést Nos. H42S11 and H42S72
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Bill of Bars 71
Part No. Bar No. Qty. Unbent Eangth Material Specification Hawaii Phase 2
el #4 7 16 ASTM AB15 Gr. E0
e2 7 1 12 3/4" ASTM_AB15 Gr. 60 Systems 3 and 4
e3 #5 1 72 ASTM_AB15 Gr. 60 Test Nos. H425—1-2 and rran
e4 #5 1 164 1/4" ASTM AB15 Gr. 60 H425T—-1-2
e5 #6 5 108" ASTM AB15 Gr. 60 . . Longitudinal Buttress and Curb
o6 #6 3 109" ASTM AB15 Gr. 60 Midwest ROCI'C!SIde Reinforcement Details
e7 #4 3 168 1/2° ASTM AB15 Gr. 60 Safety Facility [ = e :" REV. BY:
eB 4 2 100 1/4" ASTM _AB15 Gr. 60

Figure34. Longitudinal Buttress and Curb Reinforcement Detdiést Nos. H42ST and H42S5712
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Figure35. Expansion Joint Componeni&est Nos. H4251 and H42S72
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No. |aT: Description Material Specification Treatment Specification Hordwars
al 2 [12'—6" 12—gouge Thrie Beam Section AASHTO M1BO ASTM A123 or AG53 RTMOBa
az 1 |6'=3" 12—gauge Thrie Beam Section AASHTO M1BO ASTM A123 or ABS53 RTM12a
A : AASHTO M180
6 =3 10-gauge W—Beam to Thrie—Beam . =
o3 |1 Mymmetrfch';gnsﬂiun Section Ml.‘r:f" ul mgt:t;tepent;th _5%0@;‘5' ASTM A123 or AB53 RWTO2
a4 | 3 |[12'-6" 12—gauge W—Beam MGS Section AASHTO M1BO ASTM A123 or AB53 RWMO4a
ad 1 |12'-6" 12—gauge W—Bearn MGS End Section MSHTU M1BO ASTM A123 or ABS3 RWM14a
M180
ab 1 |10—gauge Thrie Beam Terminal Connector Min. %ueld strsng h = 50 ksi ASTM A123 or ABS3 RTEO1b
Min. ultimate stréngth = 70 ksi
b1 — |Concrete* Min. f'c = 4,000 psi - -
: SYP Grgde No. 1 or better (Mo knots +/-
el BCT Timber Post — MGS Height 139 from ground on ter(nsmn face) 4 AASHTO M133 FDFO1
€2 | 2 |72" Long Foundation Tube ASTM ASOO Gr. B ASTM A123 PTEQS
c3 1 |Ground Strut Assembly ASTM A36 ASTM A123 -
¢4 | 2 |BCT Anchor Cable End Swaged Fitting FEig = ASTM 828 Glasd B Stud BT 'K1as ‘o B6eS -
5 1 |3/4" 6x19 IWRC IPS Wire Rope ASTM A741 Type 2 Class A Ceating FCAQ1
c6 | 1 |B"x8'x5/B" Anchor Bearing Plate ASTM A36 ASTM A123 FPBO1
c7 1 |2 3/8" 0.D. x 6" Long BCT Post Sleeve ASTM A53 Gr. B Schedule 40 ASTM A123 FMMO2
cB 1 |Anchor Bracket Assembly ASTM A36 ASTM A123 FPAD1
d1 7 |W6xB.5 or W6Ex9, 72" Long Steel Post ASTM AZ92 Gr. SO **ASTM A123 PWEQE
dz 6 |WExB.5 or W6x3, 72" Long Steel Post ASTM A992 Gr. S0 ASTM A123 PWEOE
d3 | 4 |W6x15, 78" Long Steel Post ASTM A992 Gr. 50 **ASTM A123 -
d4 4 |17 1/2" Long, B"x6"x1/4" Steel Blockout ASTM AS00D Gr. *ASTM A123 -
d5 6 [17 1/2" Long, 12"x4"x1/4" Steel Blockout ASTM AS00 Gr. B **ASTM A123 -
d6 | 2 |k J/16X12°5 1/87 Composite Recycled Mondo Polymer MGS14SH or Equivalent - -
d7 | 5 |14 3/16™xB™x5 1/B" Composite Recycled Blockout | Mondo Polymer GB14SHZ or Equivalent - =
d8 2 16D Double Head Nail = = =
* NE Mix 47815/1PF4000HW was used for testing purposes.
** Component does not need to be galvanized for testing purposes.
Note: (1) Quanitites listed herein are only for one complete system. Hawaii Phase 2
Systems 3 and 4
Test Nos. H425-1-2 and
H42ST—-1-2
. . Bill of Materials
Midwest Roadside
Safety Facility [ ™= ﬁ"“
H4IS=H4ZST_R1T7 i

Figure37. Bill of Materials Test Nos. H42S51 and H42S12
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1%

ftem Tary. Description Material Specification Treatment Specification e -
el 7 |#4 Rebar, 16" Total Length ASTM AB15 Gr. B0 Epoxy—Coated (ASTM A775 or A934) -
e2 1 |#4 Rebar, 12 3/4" Total Length ASTM AB15 Gr. 60 Epoxy—Coated (ASTM A775 or A934) -
e3 | 1 |#5 Rebar, 172" Total Length ASTM AB15 Gr. 6O Epoxy—Coated (ASTM A775 or A934) -
ed 1 |#5 Rebar, 164 1/4" Total Unbent Length ASTM AB15 Gr. 60 Epoxy—Coated (ASTM A775 or A934) -
e5 5 |#6 Rebar, 108" Total Length ASTM AB15 Gr. 60 Epoxy—Coated (ASTM A775 or A934) -
eb 3 |#6 Rebar, 109" Unbent Length ASTM AB15 Gr. 60 Epoxy—Coated (ASTM A775 or AS34) -
€7 | 6 |#4 Rebar, 169 1/2° Total Length ASTM AB15 Gr. 60 Epoxy—Coated (ASTM A775 or AS34) -
eB | 2 |#4 Rebar, 100 1/4" Total Length ASTM AB15 Gr. 60 Epaxy—Coated (ASTM A775 or AG34) -
ed 1 |#6 Rebar, 43 7/8" Unbent Length ASTM AB15 Gr. 60 Epoxy—Coated (ASTM A775 or A934) -
a10 | 1 |#6 Rebar, 51 7/8" Unbent Length ASTM AB15 Gr. B0 Epoxy—Coated (ASTM A775 or AD34) -
ell 1 |#6 Rebar, 54 5/8" Unbent Length ASTM AB15 Gr. 60 Epoxy—Coated (ASTM A775 or AS34) -
e12 | 6 |f6 Rebar, 34 3/16° Unbent Length ASTM AB15 Gr. 60 Epoxy—Coated (ASTM A775 or AS34) -
€13 | 1 |§4 Rebar, 49 1/2° Unbent Length ASTM AB15 Gr. 60 Epaxy—Coated (ASTM A775 or AG34) -
el4 | 2 |#4 Rebar, 52 1/8" Unbent Length ASTM AB15 Gr. 80 Epoxy—Coated (ASTM A775 or AS934) -
al5 | 15 |#4 Rebar, Vertical Stirrup Varying Length ASTM AB15 Gr. 60 Epoxy—Coaoted (ASTM AT75 or AD34) -
e16 | 19 |#6 Rebar, Vertical Stirrup Varying Length ASTM AB15 Gr. 60 Epoxy—Coated (ASTM A775 or A934) -
e17 | 3 |f6 Rebar, 52 3/8" Unbent Length ASTM A615 Gr. 60 Epoxy—Coated (ASTM A775 or A934) -
e18 | 6 |§4 Rebar, 1186 Total Length ASTM AB15 Gr. 60 Epoxy—Coated (ASTM A775 or AS34) -
el9 1 |#4 Rebar, 1085 1/2" Total Length ASTM AB15 Gr. B0 Epoxy—Coated (ASTM A775 or AS34) -
a20 |125|#4 Rebar, 101 9/16" Unbent Length ASTM AB15 Gr. B0 Epoxy—Coaoted (ASTM A775 or AS934) -
21 | 11 |#4 Rebar, 50 11/16" Unbent Length ASTM AB15 Gr. 60 Epoxy—Coated (ASTM A775 or A934) -
e22 | 11 |§4 Rebar, 64 1/2" Unbent Length ASTM AB15 Gr. 60 Epoxy-Coated (ASTM A775 or A934) -
€23 | 4 |#5 Rebar, 340 9/16" Unbent Length ASTM AB15 Gr. 60 Epaxy—Coated (ASTM A775 or A934) -
e24 1 |#5 Rebar, 340 9/16" Unbent Length ASTM AEB15 Gr. 60 Epoxy—Coated (ASTM A775 or AS34) -
a25 | 30 |#5 Rebar, 260" Total Length ASTM AB15 Gr. B0 Epoxy—Coated (ASTM A775 or A934) -
@26 | 4 |#5 Rebar, 334" Total Length ASTM AB15 Gr. 60 Epoxy—Coated (ASTM A775 or AD34) -
e27 | 1 |§5 Rebar, 354 1/B" Unbent Length ASTM AB15 Gr. 60 Epoxy—-Coated (ASTM A775 or A934) -
e28 |275|#5 Rebar, 60 1/4" Total Unbent Length ASTM AB15 Gr. 60 Epoxy—Coated (ASTM A775 or A934) -
e20 | 18 |#5 Rebar, 47 13/16" Total Unbent Length ASTM AB15 Gr. 60 Epoxy—Coated (ASTM A775 or AS34) .

Hawaii Phase 2

Systems 3 and 4

Test Nos. H425—-1-2 and

H42S5T-1-2

Midwest Roadside| & o Meteres
Safety Facility ™™= gl i

Figure38. Bill of Materials, Cont, Test Nos. H42S1l and H42S72
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A%

No._[a: Description Material Specification Treatment Specification Hordware
1 13 [5/8"-11 UNC, 14" Long Guardrail Bolt ASTM A3D7 Gr. A ASTM A153 or B69S Class 55 or F2329 FBEO06
f2 15 5,/3"—11 UNC, 10" Long Guardrail Bolt ASTM A307 Gr. A ASTM A153 or BE695 Class 55 or F2329 FBBO3
3 44 5/’8’—11 UMC, 1 1f4’ Long Guardrail Bolt ASTM A3D7 Gr. A ASTM A153 or BB95 Class 55 or F2329 FBBO1
f4 2 (5/8"=11 UNC, 10" Long Hex Head Bolt ASTM A307 Gr. A or equivalent ASTM A153 or B695 Class 55 or F2329 FBX16a
5 B (5/8"-11 UNC. 1 1/2" Long Hex Head Bolt ASTM A307 Gr. A or equivalent ASTM A153 or BE95 Class 55 or F2329 FBX16a
6 | 5 [7/8"-9 UNC, 16" Long Heavy Hex Head Bolt ASTM F3125 Gr. A325 or equivalent | ASTM A1D3 or BIB9S Class 29 or FI136 | raxaop
7 2 |7/8B"-9 UNC, 8" Long Hex Head Bolt ASTM A307 Gr. A or equivalent ASTM A153 or B695 Class 55 or F2329 FBX22b
f8 24 5f3"—'|1 UNC, 2" Long Guardrail Belt ASTM A307 Gr. A ASTM A153 or BGB9S Class 55 or F2329 FBEBOZ2
fa 96 |5/8"=11 UNC Heavy Hex Mut ASTM ASB3A or equivalent ASTM A153 or BE95 Class 55 or F2329 FNX16b
f10 2 |7/8"=8 UNC Hex Nut ASTM ASB3A or equivalent ASTM A153 or BB95 Class 55 or F2329 FNX22a
f11 5 (7/8"-3 UNC Heavy Hex Nut ASTM AS63DH ASTM A153 or B695 Class 55 or F2329 FNX22b
f12 2 [1"—8 UNC Heavy Hex Nut ASTM ASE63DH or equivalent ASTM A153 or BG695 Class 55 or F2329 FNX24b
f13 | 10 |5/8"=11 UNC Hex Nut ASTM ASE3A or equivalent ASTM A153 or BE85 Class 55 or F2329 FNX16a
gl 46 5;’8’ Dia. Plain USS Washer ASTM FB44 ASTM A123 or A153 or F2328 FWC16a
g2 4 |7/8" Dia. Plain Round Washer ASTM FB44 ASTM A123 or A153 or F2329 FWC20a
g3 2 (17 Dig. Plain USS Wosher ASTM FB44 ASTM A123 or A153 or F2329 FWC24g
g4 | 5 [ xIf or 3 1/2°%3 1/271/47 Square ASTM A572 Gr. 50 ASTM A123 FWRO9
h1 |12 |#8 Smooth Rebar, 24 1/2" Total Length ASTM AB15 Gr. 60 Epoxy—Coated (ASTM A775 or A934) -
h2 20 (1 1/4" Dia. 12 3/4" Leng PVC Pipe Schedule 80 PVC Gr. 12454 = -
h3 | 20 |1 5/8" Dia. PVC Cap Schedule 80 PVC Gr. 12454 - -
i1 — |Epoxy Adhesive Hilti HIT RE-500 V3 - -
i2 — |Expansion Joint Filler AASHTO M33, M153, or M213 - -
i3 — |Expansion Joint Sealant MSHTOESIHB173WME§T2M “3013m - -
- — |Coarse Crushed Limestone (Well Graded Gravel) - - -

Hawaii Phase 2

Systems 3 and 4

Test Nos. H425-1-2 und“’*’”m‘

Midwest Roadside| > ° Materae
Safety Facility [*®= F‘::"

Figure39. Bill of Materials, Cont, Test Nos. H42ST and H42S72
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Figure40. Test InstallatioiPhotographs, Test Nod42ST-1 and H42ST2

43




144

Figure4l Test Installation Photographigst Nos. H42STL and H42S72

22¢.¥7€0dHdI0N Loday 4SHMA

Z20¢ ‘smaquisdaq





































































































































































































































































































































































































































































































































































