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1 INTRODUCTION

1.1 Background

Concrete box culverts are routinely installed under roadways in order to allow water
drainage without affecting the motoring public. Unéoately, these box culverts can also
represent a hazard on the roadside when they do not extend outside of the clear zone and often
require safety treatments in the form of roadside barriers. The most common safety barriers
utilized to shield these arease Wbeam guardrail systems. However, ivculverts with less
than 40 in(1,016 mm)of soil fill prevent the proper installation of standard guardrail posts due
to a lack of available embedment depth. Previous crash testing has shown -beatmwWV
installations with shallow post embedment do not perform adequately and are prone to vehicle
override [l]. Therefore, lowfill culverts require specialized guardrail systems to safely treat the
hazard.

Currently, two different typs of guardrail systems are being used to treat-cirassage,
box culverts: 1) guardrail systems anchored to the top slab of the culvert and 3pdmng
guardrail systems. Temounted guardrail systems typically consist of steel posts welded to base
plates which are bolted to the top slab of the culvert. Anchoring the guardrail posts to the
culverd top slabensures that the post will provide the lateral stiffness necessary for the barrier
to contain and safely redirect errant vehicles. @neh systemdeveloped at the Midwest
Roadside Safety Facility (MwRSH)corporatedV6x9 (W152x13.4)steel posts space&¥Y% in.
(953mm) on centera27%in. (705mm) top rail height, @eformable *4n. (13mm) base plate,
and four %in. (25mm) diameter threaded anch$2-4], as shown irFigure 1. The system was
successfully testetb the safety performance criterialdétional Cooperative Highway Research

Program NCHRP) ReportNo. 350 [5].
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A similar system developed hlifite Texas Transportation Institute (TTas configured
to satisfy the more demanding safety performance criteria from the American Association of
State Highway and Transportation OfficifddsASHTO) Manual for Assessing Safety Hardware
(MASH) [6]. The system utilizedV6x9 (W152x13.4) steel posts spaced 75 in. (1,905 mm) on
center a t hin. @&nem) base(plate, and a-&L (787mm) top rail heightT], as shown
in Figure 2. Both topmounted guardrail systems descrilbeteinwere designed for use with a
minimum fill depth of 9 in. (229 mm) on the culverts.

Although topmounted guardrail designs provideceashworthy treatment for culvert
openings, they have disadvantages. Both of the crashworthy systems were crash tested with an
18in. (457#mm) lateral offset between the back of the post and the inside of the culvert
headwall. MWRSF later recommended aid0(254mm) minimum offsefollowing ananalysis
of thecrasht e s t Gspeedchvidgoh This offset is necessary to allow the post to rotate back
freely without contacting the headwall. If rotation is restricted by placing the post too close to the
headwd, the posts can become snag poiotsclimbing rampsand may result in vehicle
instabilities pP]. However, this 18n. (254mm) lateral offset coupled with the footprint of the
system itselfresults in the loss of over 4f6(1.4 m) of traversable roadway width. Extending
the culvert length another 4.5 ft (1.4 m) to gain back this loss in roadway width can drastically
increase costs. Additionally, when these systems are impacted, the damaged posts must be
replaced, similato standard guardrail installations. However, the fill soil must be removed
arounddamaged togmountedposts to gain access to the anchor bolts. This soil removal and
replacement after the new post is installed adds to repair time and labor costs.

Long-span guardrail systems contain unsupported lengths -dfédm rail that span over
the top of culverts. These barrier systems do not require attachment to the culvert, thus allowing

the culvert and the barrier system to operate independently. One crashwstéimy sgnsists of
2
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# PART NUMBER QTY. ARTBA
1 Box Culvert Post 17
2 12" 6" W-Beam, 4- space 12 gauge 9 RWMO2a
] 3 Blockout, 8-inch W-beam Routered 17 PDBEO1b
A
4 Bolt, Button-head 10 inch 17 FBBO3
5 Nut, Recessed Guardrail 89 FBB
0 Bolt, Button-head 1-1/4" 72 FBBO1
7 Hilta Anchor (see note 2a) 68
31"
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Y
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Figure2. W-beam System Attached to Lekill CulvertsDevelopedat TTI [7]

¥1+./2-€0dH 10N Hoday 4SHMA

10221 ArenigaH



February 122014
MwRSF Report NoTRP-03-277-14

100 ft (30.5 m)of nested, 1auge(2.66mm thick) W-beam guardrail centered over af25
(7.6-m) unsupported span leng{B-10], as shownin Figure 3. A 27%in. (705mm) top rail

height was utilized for the entire system. Three wooden CRT posts were placed adjacent to and
on both sides of the unsupported span length in order to prevent vehicle pocketing andjsnaggin
This system was designed and successfully crash tested to NGIdRReport 350 safety

performance criteria.

_12—gauge _ _ 12—gauge _
W—beam Nested 12—gauge W—beam W—bearn
37.5 ft ' 25 ft i 37.5 ft
—

f
27 3/4"
I—6—ft W6x9 steel posts |-6—ft Wood CRT posts |—6—ft W6x9 steel posts

Figure3. NCHRP ReporNo. 350-Compliant LongSpan Guardrail Syster8-{.0]

The Midwest Guardrail System (MG&)ngspan systemis an updated version of the
original system and was designed to satisfy MASH safety standards. TheldnGSpan
systemmaintained the 2% (7.6-m) unsupported span length and the uksio CRT postsas
shown inFigure 4. However, only a single layer df2-gauge (2.66nm thick) W-beamwas
utilized, the rail height was increased to 31(#87 mm) and the rail splices were moved to post

mid-spang11-12].

12—gauge
W—beam
I 25 ft |
== T T 2 l T T T
f
31”7
|-6—ft W6x9 steel posts I-G—ft Wood CRT posts L6—-1"( W6x9 steel posts

Figure4. MASH-Compliant, MGS LongSpan Guardrail System ]-12]
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Longspan guardrail systems do not require additicomponend for attachment to the
culvertandprovide a coseffective method for shielding culverts. Further, leaman systems do
not require an offset from the culvert and can be installed with the back of the post even with the
interior face of the duert headwall. Thus, longpan systems do not intrude into the roadway
width as much as tepounted systems. However, the NCHRP Report350 longspan system
utilizes double blockouts for a 4. (406-mm) total depth, while the MG%ongspan system
utilizes 12in. (305mm) deep blockouts. These blockout deptinsaddition to the 8n. (203
mm) deep poststill result in a loss of nearly 4 {iL..2 m)of traversable roadway width. Finally,
long-span systems are limited to a maximum unsupported spah lein@b ft(7.6 m) Thus,box
culverts with a width, or roadway lengtireater tha25 ft (7.6 m)cannot be treated with current
long-span Wbeam systems.

Although the weakpost, MGS bridge railvas not designed for use on culvertshas
some similarites to culveAmounted barrier systems. The wgadst, MGS bridge rall
incorporates 3n. (787mm) tall W-beam guardrail and attaches to concrete bridge decks
(similar to concrete box culverts). The use of weak, S3x5.7 (S76x8.5) posts and the ahethod
pog attachmentto the bridge deck make this system unique. The posts are installed into
HS S 4 x H3F02(mm x 102 mm x 10 mnsteelsockets placed along the outside edge of the
bridge deck. Each socket is attached to the bridge deck witim.a(25-mm) diameter ASTM
A307verticalthroughbolt and a bottom steel angle, as showFRigure5. The placement of the
posts and sockets off the edge of the bridge ,demkpled with the use of-#. (152mm) long,
W-beam backup plates instead of blodispallows for minimal intrusion into the roadway and
maximizes the traversable width314].

The use of weak S3x5(8576x8.5)posts limits the load transferred to the bridge deck and

prevents ddc damage. During the successful MA$#$t level 3 TL-3) crash testing program,
6
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the posts were bent over while only minor cracking was observed in the bridge deck. Without
significant damage to the deck or attachment sockets, repairs to an impactedasgatssronly

the removal of the damaged posts and rail segmiasesition ofnew posts, and attachment of

new W-beam segments. Thus, repair to the system should be relatively quick anBiresby;.

the posts were spaced at hadfst spacing, or 37%2 il053 mm)on center. The combination of a
weaker post and reduced post spacing makes the lateral stiffness and dynamic deflection of the
weakpost, MGS bridge rail very similar tthat observed fothe standard MGS. Therefore, a
stiffnesstransition is notequired between the bridge rail and the adjacent MGS installations.

S3x5.7
Post

W-Beam and
8" Long Backup Plate

ASTM A307 q)%)

TP gl
2 B

Plate

ASTM A3Z07 @17

N

e 02,

Z

3 3
el yy— N p—
L7x *g HSS /Ix4><8

Socket

Figure5. WeakPost,MGS Bridge Railttached t@€Concrete Deck13-14).

1.2 Objective
The objective othis research efforvasto develop a newv-beam guardrail system for

use on lowfill culverts that satisfied the safety performance criteria of MASH3TThe new
7
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guardrail system was to address the disadvantages of current culvert treatments by mgaximizi
the traversable roadway width, providing an unrestricted system length, minimizing repair time
and effort, and maintaining the ability to be utilized without a stiffness transition between
upstream and downstream guardrails. Since the ywesk MGS buge rail provides these
characteristics for concrete bridge decks, this study was focused on adapting thgosteak
MGS bridge rail for attachment to the outside face of culvert headwalls.
1.3 Scope

The first step in the research effavbis to conduct a suryeof the standard culvert
headwall designs used throughout stetes participating in the Midwest States Regiéiualed
Fund Research Pragm in order to identify the critical culvert desigmased on structural
capacity.A simulated critical culvert wathen constructedtthe MWRSF testing groundblext,
the MGS bridge rail podb-deck attachmenwvas redesigneth order to accommodate anchorage
to the exterior facef existing culvert headwalls. Four design options were fabricated, installed
on the simiated culvert, and subjected to dynaranponentesting.Testing was conducted in
both the lateral and longitudinal directions to evaluate the performance of each design option
under both critical loading scenarios. Finallye tresults from theomponenhtestswere utilized

to guide the selection of the final designs and make appropriate recommendations for future use
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2 SIMULATED CULVERT DESIGN

In order to design a barrier attachment that would be applicable to a wide range of
culverts, a critical culwé configurationneeded to be identified. Thus survey was conducted to
gather thecurrent culvert standards and system drawifigen the state departments of
transportation POT9) within the MidwestStatesRegionalPooled FundProgram The survey
soughtto obtain design details suchtap slab thickness, headwall width, headwall height]
steel reinforcemertdonfigurationgor both the top slab of the culvert and the headwzily the
critical configurations (identified as the structurally weakest)earecorded from each staiée
surveyresults are shown ihablel.

The critical dimensions and reinforcement configuratisasy depending on the height
and width of the culvert as well as the fill depth on top of the culdenever,only box culvert
details with acell width greater thar® ft (2.7 m) and fill depths less than 2 ft (0.6 m) were
considered. Theninimum cell width was based on culverts that would exceed2fhét (7.6 m)
maximum unsupported guardrail lengththe MGSlong-span system11] and would therefore
require an anchored post system. fher commortriple box styleculvertinstallation an 8 ft (2.4
m) cell width results in a total length of only 24(®3 m). Thus, 9 ftZ2.7 m) was set as the
minimum cell width. The fill depth limitation was necessary fgrevent large elevation
differentials between the roadway and the top of the headwall, where the system was to be
mounted. Thus, only minimal fill depths wedesired andmoststate DOTSs list a minimum fill
depth as less than 2 ft (0.6 m).

For each of the component characteristics listedhe columns ofTable 1, a weak
configuration was selectddr the final designAll of the selectedlimensons and reinforcement
patternswere commorto at leastthree different statesand were often the weakest of all the

survey results. However, a few of the component characteristics contained eavsagkst
9
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configuration. In these instances, the outlierswignored, and the next weakeof the
configurations was selected for use in the final simulated culvert design.

A simulated culvert was built at the MwWRSF testing facility as per the selected critical
design characteristicshe simulated culvert was efigured withthreeadjacent cells, each with
a width (or span) of 9 ft (2.7 m) and a total installation lengtB&ift (8.5 m) The simulated
culvert was positioned such that the top of the headwall was level with the top of the existing
tarmac. A 9in. (229-mm) deep soil fill was used to create a level ground surface for testing. To
anchor the system, the lateral steel reinforcement in the top slab of the simulated culverts was
extended and epoxied into the tarmac, as showigureo6.

The top slab was 9 in. (229 mm) thjcand both a top and bottomayer of steel
reinforcementvas usedThe longitudinal reinforcement (relative to the roadway) consisted of #5
bars spaced 12 in3Q5 mmn) on center, while the lateral reinforcemearunsisted of #4 bars
spaced 18 in. (457 mm) on center. The culvert headwall was 12 in. (305 mm) wide and extended
9in. (229 mm) above the slab for a total height of 18 in. (457 mm). The headwall coftained
#4 longitudinal reinforcing bars and #4 tsaerse stirrups spaced on 12 in. (305 mm) centers.
Detailed drawings and installation photographs of the simulated critical culvert are shown in

Figures6 throughl0, andFigurell, respectively.

10
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Tablel. Survey Results dbtate DOT Standard Culvert Plans

CULVERT TOP SLAB CULVERT HEADWALL
STATE Thickness Lo_ngitudinal T_ransvere Height | Width Lo_ngitudinal T_ransverse
Reinforcement Reinforcement Reinforcement Reinforcement
Wyoming 9" E%E '\l/\Lla;at':c zj g g E%Ft). I\KI/;;tL j:j g 1l§ 9" + slab 12" 4 # 6 bars #4 stirrup @ 6"
South Dakota NA NA 18—85 m;t#f‘l @;24 9" + slab 12" 4 #5 bars #4 stirrup @ 12"
Nebraska 12" E%‘t). hlf/l?atic zss g 11855 ;gﬁ I;\/I/g[t: zj gig 9" + slab 12" 4 #4 bars #4 stirrup @ 18"
Kansas 9" ggf ng i? g 2 -Brgf '\,\/l/gg ii gg 180 4 #5 bars #4 stinup @12"
Missouri 11" ngtl\_/l 3;?25@@1?3;.5 " ggf I\l\//IIZE Zj (C?;)gj 9" + slab 20" 4 #8 bars #5 stirrup @12"
lowa 9" -Brgf I\I\/}Iztii f#%%llzz Bo-lt—.ol\F;I:a?l#S@(clEBl'IZ" 240 12" 4 #7bars #4 stirrup @6"
Minnesota 9" E%F:_Mw?;:t##fs%lgl E%g I\KI/;;tL gj gig 12" + slab 12" 4 #4 bars #4 stirrup @12"
Wisconsin Vj;i,e s -Brgﬁ I\I\/I/Ie;tt: ij % ﬁ Looa.MMa;:t zj gllg," 6" + slab 15" 4 #4 bars #3 stirrup @9"
lllinois 9" L%F;_Mh/?;tfs%168"" ;gf I\ICIZtt:: zg gig 9" + slab 12" 4 #6 bars #4 stirup @6"
Ohio 12" NA NA 9" + slab 12" 4 #6 bars #5 stirrup @12"
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) Eﬁzio/'imuhTP ﬁS—doy concrete compressive strength (F'c) of 4,000 psi Simulated Culvert ?H:i..
8 Mbal. Installation =
(3) Area below vertical support walls shall be well-compacted/tamped soil. 12/1'9/11
(4) 2” [51] minimum clear cover for all steel reinforcement. System View PENTREE
5) a6 bars shall be spaced on 18" [457] centers and epoxied into the H H i
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Figure6. Simulatel Culvert, System Layout
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Figure7. Simulated Culvert:levation View
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ltem No. [ QTY Description Material Specifications Hardware Guide
al 1 332"x18"x48" [8,433x457x1219] Reinforced Concrete Culvert Deck/Headwall Min. F'c = 4,000 psi -
a2 4 12"x36"x48" [305x914x1219] Reinforced Concrete Support Wall Min. F'c = 4,000 psi -
a3 24 #4 Bent Rebar, Support Wall Hook, 44 1/2" [1,130] Total Length Unbent Grade 60 =
a4 8 #4 Straight Rebar, 41” [1,041] Long Grade 60 -
a5 29 #4 Bent Rebar, Vertical Hoop, 68 1/4” [1,734] Total Length Unbent Grade 60 -
a6 38 #4 Straight Rebar, 54” [1,372] Long Grade 60 -
a7 8 #5 Straight Rebar, 27'—8" [8.4 m] Long Grade 60 -
a8 4 #4 Straight Rebar, 27°—-8" [8.4 m] Long Grade 60 -
a9 24 #4 Straight Rebar, 44” [1,118] Long Grade 60 -

oT

Midwest Roadside
Safety Facility

SHEET:
Simulated Culvert 50f 5
Installation
DATE:
12/19/11

Bill of Materials DRAWN BY: |
DMH

DWG. NAME. SCALE: None |REV. BY:
SimulatedCulvertinstallation_rd. UNITS: in.[rm]| SKR/KAL/
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Figure 10. Simulated Culvert, Bill of Materials
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Figurell Simulated Culvert Photographs
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3 BARRIER ATTACHMENT DESIGNS
3.1 Design Criteria

In order to avoid confusion between similar systems and allow Bafes to stock a
single component instead of two, the same post assembly from thepa&alGS bridge rail
was to be used for the new guardtaiculvert attachment system. Thiise same 44n. (1,118
mm) long S3x5.7 (S76x8.5) steel post equipped Wwitm. (6-mm) thick standoff shim plates
was utilized Sinceall post dimensions remained the same, the samex4-in. x E-in. (102
mm x 102mm x 18mm) steel tube was utilized as the post sqckedthe sames -in. (16mm)
diameter bolt wsutilized tohold the post in the socket.

Due to the location of the bolt hole and shiomsthe post, the top of the socket had to
remainat a distance of 30 in. (762 mm) from the top of the.pbsus, the top of the socket
needed to extend 2 in. (51 mm) above thedbthe culvert headwall just as the original socket
design extended 2 in. (51 mm) above the bridge dee&ping theoriginal socket heighensured
the post woulbend at thesamepoint during impacts, thus providing the same resistance forces
demonstragd during the successful MASH testing of the M@ ifigerail system.

Recognizing that the barrietd., post) resistance forces would be identical to the original
system, the performance criteria for the new attachndesign was very straightforward
transfer the plastic bendingpads of the post to the culvert headwall without sustaining
significant damage to the attachment hardware or the culvert. Significant damage would include
large deformations in the socket assembly, steel tearing, weld failuleorapullout, and/or
concrete cracking. This performance specification applied to impact loads in both the lateral
(strongaxis bending) and longitudinal (wealis bending) directions.

As stated in the objectives of this study, it was desired to maxithedraversable

roadway width over the culvert. Thus, similar to the original bridge rail system, the sockets were
18
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to be placed along the outside face of the culvert headwall. The attachment hardware could
utilize the top, bottom, or inside surfaces of tieadwall, but the socket and post had to remain
adjacent to the outside face. Additionailywas desired to have an attachment design that could
be applied to both new and existing culverts. Thus, components could not be designed as cast
into the culvet slab or headwall. Subsequently, all anchors had to be epoxied into the culvert,
threaded into the culvert, or through bolted.
3.2 Design Concepts

Through brainstorming and preliminary design calculations, four stoictivert
attachment concepts were dieyed and subjected to dynamic testing and evaluation. These
concepts were: 1) a tapounted, singl@anchor concept; 2) a tapounted, doubl@anchor
concept; 3) a wrapround concept; and #yo versions oh sidemounted concept.d&€h concept
had a uniquevay of transferring impact loads to the culvert headwall in hopes of minimizing
attachment and culvert damage. The design conceptesecabed in the following sections.

3.2.1Concept A: Top-Mounted, Single-Anchor

Design CoreptA was developed to be as siarilas possible to the original MGS bridge
rail attachment by utilizing a top mounting plate, gusset, and a single vertical ,aa€strown
in Figures12 through18. Impact loads would be transferred into the culvert as a tensile force
through the top mounting plate (or shear force through the vertical anchor) and a compression
force at the bottom of the socket as it bears against the fabe dieadwall. However, small
changes were implemented to minimize the risk of damaging the culvert or socket assembly. The
top mounting plate was extended 2 in. (51 mm) to a length of 9%z in. (241 mm) in order reduce
potential concrete cracking by movingetthreaded anchor farther away from the edge of the
headwall. Additionally, the plate thickness was increased ffgyin. (11 mm) to % in. (13 mm)

to prevent plate tearing, and the anchor rod
19
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concerns for bearing failure. Finally, the length of the socket tube was extended 2 in. (51 mm) to
162 in. (419 mm) in order to ¢nease the moment arm distance from the top mounting plate to
the bottom attachment plate, thus resulting in reduced tension and compression forces under a
constant bending moment.

The original MGS bridge rail system utilized a throtmgit to anchor theop mounting
plate to the bridge deck. In an effort to make the new system attachment applicable to existing
structures, t he bol-ih. 2%ans) diameter,| ASTM A307@adeIC a 1 a
threaded rod embedded 10 (@54 mm)into the top of the culvéheadwall using an epoxy with
aminimumbond strength of 1,300 p@.0 MPa) During installation, the socket assembly would
be lowered into position over the threaded rod.

A %-in. (13-mm) thick bottom mounting plate was welded to the lodvent face ofthe
socket. Two %4n. (13-mm) diameter, ASTM A307%Grade Cthreaadrods, one on each side of
the socket tube, were utilized to attach the bottom mounting plate to the outside face of the
headwall. The rods were embedded 441tt4 mm)into the headwall usg 1,300psi (9.0 MPa)
minimum bond strength p o x y a d h e-is.i(16-m@mm) widewslots vgere cut into the bottom
mounting plate so that the socket assembly could be lowered into place over the threaded rods.
Washers and nuts were used on each threamtedor attach the socket to the headwall. The

socket, mounting plates, and gusset plate were all fabrifratedb0-ksi (345MPa) steel.
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Configuration A

Iltem No. | QTY. Description Material Specification
al 1 [4"x4"x3/8" [102x102x10] Square Steel Tube ASTM AS00 Grade B Steel Galvanized
a2 1 |B"x3"x1/2" [203x76x13] Bottom Mounting Plate ASTM A572 Grade 50 Steel Galvanized
a3 2 [1/2" [13] Dia. UNC, 7" [178] Long Threaded Rod A aamaas /A 1498 “Crdis 3 Galvamizan  C =0
a4 2 [1/2" [13] Dia. Hardened Round Washer ASTM F436 Galvanized
a5 2 |1/2" [13] Dia. UNC Heavy Hex Nut ASTM A563A Galvanized
aB 119 1/2"%3"x1/2" [241x76x13] Top Mounting Plate ASTM AB72 Grade 50 Steel Galvanized
a7 112" 1/2"x1 /2" [51x38x13] Top Mounting Plate Gusset ASTM A572 Grade 50 Steel Galvanized
a8 1 |1 1/8" [29] Dia. UNC, 13" [330] Long Threaded Rod AT A orase G S 2R ST oo orode 36
a9 1 (1 1/8"” [29] Dia. Hardened Round Washer ASTM F436 Galvanized
ald 1 |1 1/8" [29] Dia. UNC Heavy Hex Nut ASTM AS563A Calvanized
et 1 [S3x5.7 [$76x8.5] by 44" [1118] Long Steel Post ASTM A992 Grade 50 Steel Galvanized
e2 4 |2 3/4"x1"x1/4" [70x25x8)] Post Standoff ASTM A36 Steel Galvanized
e3 1 |5/8" [16] Dia. UNC, 5" [127] Long Heavy Hex Bolt and Nut Bolt ASTM A325 Type 1 Galvanized, Nut ASTM AS63A Galvanized
1 — |epoxy Powers l-'clslteners1 3'\((}35 GF;)SI? [19(?8+M|§g] egg;\éolz?serfg&xy with minimum
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Figure18. Design Concept A, Installation Photographs
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3.2.2Concept B: Top-Mounted, Double-Anchor

Due D the design similarities with the original wep&st, MGS bridge rail, concerns
arose that a singlanchor design would result in the same concrete cracking that occurred during
full-scale crashtesting of the MGS bridge rail. Therefore, the -topunted,doubleanchor
concept was developed to better distribute the tensile force from the top mounting plate to the
headwall and prevent shearncretecracking.

The only differences between the tounted, doubl@nchor design and the top
mounted, singl@ncha design are the top mounting plate dimensions and the use of a second top
anchor rod, as shown in Figur&8 through?25. Two %zin. (19-mm) diameter, ASTM A307
Grade Cthreaded rods spaced 6 (152 mm)apart were used to anchor the top mounting plate
to the headwall. The top anchor rods were embedded 4%¥likh mm)into the headwall using an
epoxy adhesive with eninimum bond strength ofL,300 psi (9.0 MPa), similar to the bottom
anchor rodsThus, both the diameter and the embedment defpite top anchoreere reduced
by more than 50 percent from the single anchor attachment of Desigoeon To
accommodate the double anchors, thenmpinting plate was flared from a 3 {76 mm)width
adjacent to the socket to a 9 (829 mm)width around the anchors.

Similar to Design Concept Athe topmounted, doublkanchor concept was installed by
lowering the socket assembly over the eperybalded, threaded rods. Washers and nuts were
used on all four threaded rods to attach the socket to the headwall. The socket, mounting plates,

and gusset plate were all fabricated withks0(345MPa) steel.
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Configuration B

ltem No. | QTY. Description Material Specification
b1 1 |4"x4"x3/8" [102x102x10] Square Steel Tube ASTM A500 Grade B Steel Galvanized
b2 1 [8"x3"x1/2" [203x76x13] Bottom Mounting Plate ASTM A572 Grade 50 Steel Galvanized
b3 2 |1/2” [13] Dia. UNC, 7" [178] Long Threaded Rod R e e R
b4 2 [1/2” [13] Dia. Hardened Round Washer ASTM F436 Galvanized
b5 2 [1/2” [13] Dia. UNC Heavy Hex Nut ASTM A563A Galvanized
b6 1 19”x9"x1/2" [229x229x13] Top Mounting Plate ASTM A572 Grade 50 Steel Galvanized
b7 112”1 1/2"x1/2" [51x38x13] Top Mounting Plate Gusset ASTM A572 Grade 50 Steel Galvanized
b8 2 [3/4” [19] Dia. UNC, 7" [178] Long Threaded Rod ASTHIAZOT. Brde, © Balyanized/ ST Flond, orada 36
b9 2 [3/4” [19] Dia. Hardened Round Washer ASTM F436 Galvanized
b10 2 [3/4” [19] Dia. UNC Heavy Hex Nut ASTM A563A Galvanized
el 1 [S3x5.7 [S76x8.5] by 44” [1118] Long Steel Post ASTM A992 Grade 50 Steel Galvanized
€2 4 |2 3/4"x1"x1/4" [70x25x6] Post Standoff ASTM A36 Steel Galvanized
e3 1 |5/8” [16] Dia. UNC, 5” [127] Long Heavy Hex Bolt and Nut Bolt ASTM A325 Type 1 Galvanized, Nut ASTM A563A Galvanized
1 —  |Epoxy Powers Fasteners 3?(?5 G;sl,? [é(?é)%—MF?g] egg;\éolg?:eneg%%xy with minimum
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Figure24. Design ConeptB, Bill of Materials
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Figure25. Design Conce, Installation Photographs
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