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1 INTRODUCTION

1.1 Background

Combination bridge rails are commonly used by many state departments of transportation
and oftenconsist of a concrete parapet with an upper steel railing system. In the past, these types
of bridge rails have typically been designed with the steel posts attached to the concrete parapet
using a casin-place anchorage system. While emsplace ancha have performed well, they
have several disadvantages, including added complexity and constructiomasostd as issues
with dimensional tolerances regarding their placement in the parapet.

The lowa Department of Transportation (IaDOT) was interestaavestigating the use
of epoxy adhesive anchorages for the attachment of posts used in combiomatgenrails.
laDOT desiredan alternative anchorage methiad the attachment of the steel beamdpost
system to a concrete parapetthe BR27C combation bridge rail system. An alternative epoxy
adhesive connection detail was proposed, as showigure 1. The Midwest Roadside Safety
Facility (MwWRSF) performed initial calculations to evaluate the capacity of the epoxy anchorage
based on a previous MWRSF research study involving the dynamjmoc@mt testing of anchors
[1] and applying thenethodologies founth ACI 31811 [2]. From this preliminary analysis, it
was found that the capacity of the proposed anchorage was potentially insufficient. However, the
methodology provides conservative results and may underestimate anchorage capacity. As such,
it was noted thiathe best evaluation of this proposed alternative anchorage system may be to
perform dynamic component testing of the epoxy adhesive system.

laDOT indicated that they desired alternativeepoxy adhesive anchorage system for the
BR27C combination bridgeailing, as well as evaluation of an epoxy adhesive anchorage system

for the BR27C previously used on an existing bridge or20$ lowa.
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1.2 Objective

The research objectiwgasto design and evaluate alternative epoxy adhesive anchorages
for use in the 1aDOT BR27C combination bridge rail system. The alternative epoxy adhesive
anchoragesvereto have equal or greater capgdhan the current cast-place anchorage, so
that they can be used in new construction or as a retrofit to modify existing bridge railings. The
proposed epoxy attachment desigreeto beevaluated through dynamic component testing
verify their capaity.
1.3 Scope

The research effort constst of design, testing, and evaluation of afi@ive epoxy
adhesive anchoragésr attaching the beam and post systathe BR27C combination bridge
railing to a concrete parapet. MwRSfEsearcherseviewed the current casn-place anchorage
design and develeg alternative epoxy adhesive anchorage configuratiomduding inline
anchor systesiand a fowanchor system similar to the cast in place configuration but with
spacing more compatible with tlegpoky adhesive The alternative epoxy adhesive anchorage
systemswveresubmitted to 1aDOT for review and selection of preferred systems to be tested and
evaluated.

Dynamic component testingasused to evaluate treelectedepoxy adhesive anchorages
andto denonstrate that the capacitieSthe proposed epoxy anchorages wemaal to or greater
than the existing cast-place anchorage system. The capacity of theentircasin-place
anchorage hadot been fully quantified with testing. Thus, one dynamic campbtest was
performed on a bridge rajpost using the current castplace anchorage configuration.
Additional dynamic component test®reperformed on the proposed alternative epoxy adhesive
anchorage systems. The target impact conditionslfadess would be identical, anche tests

wereconfigured so that the applied impact laagturredat a height on the po#itat producel a
3
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bending moment and combined loading on the anchorage system similar to that provided during
vehicle crash events. The foreersus deflection, energy dissipated versus deflection, and failure
modeswere documented for each test and compared to one another. These compaegisons
used to verify that the proposed anchoragesiged equal or greater capacitiban the current
anchorage, and that the alternative anchorages did not display undesirable failure modes.

laDOT also proposed an additional test to evaluate a currently installed epoxy adhesive
anchorage for the BR27C bridge rail used on the20®ridge near Hardin, IAThis setupwvas
tested and analyzed using the procedures described above for tireptasé design and the

newly designed epoxy anchorages.
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2 DESIGN OF ALTERNATIVE EPOXY ADHESIVE ANCHORAGE
2.1 Design Methodology

Limited prior research has been conducted related to the use of epoxy adhesive anchors
for attachment o& beamandpost railing system to the top of concrete parapets. In 2010, Texas
A&M Transportation Institute (TTI) researche@nducted a study to ddee two new retrofit
combination steel and concrete bridge rail desidis This effort included the design of a
retrofit epoxy anchorage design and pendulumrtgsif the anchorage system on a short section
of concrete parapet in order to verify the capacity of the connection. Thus, the methodology of
evaluating the alternative epoxy anchorage systems through dynamic component testing has been
previously accepted.

MwRSF researcherslso conducted aelatedstudy for the Wisconsin Department of
Transportation involving epoxy adhesive anchors for attachment of concrete barriers to bridge
decks []. The objective of thisesearchwas to determine if epoxy adhesive anchors could be
utilized to attach concrete barriers to bridge decks and to develop design procedures for
implementing epoxy adhesive anchorages into concrete madlgeys. A series of 16 dynamic
bogie tests and one static test were conducted to investigate the behavior of epoxy adhesive
anchors under dynamic load. Additional dynamic tests weredca c t e din. &mm) a
diameter ASTM A307 threaded rods.

Comparisos were made between the results from the component tests and analytical
models for epoxy adhesive anchors. The aarfell uniform bond mode[4-5] and ACI 31811
[2] procedures were both compared with the component tests in order to verify thei
effectiveness. Review of the comparisons between the analytical models and the tensile
component tests found that both the cone and full uniform bond model and ACL 38vided

reasonable predictions for the failure mode of the epoxy adhesive anchbisyth methods
5
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were conservative for the pretlan of capacities (i.e., undestimated strength). The shear
testing results and predicted capacities were compared, but findings were limited due to the
observed failure modes in the component tests. Mexy& was found that ACI 3181 provided
reasonable yet conservative estimates for shear capacity of the epoxy adhesive anchors. It was
also found that the proposed dynamic increase factors for concrete breakout, steel fracture, and
bond strength improvk the prediction of the anchor failure modes and capacities. It was
recommended that the ACI 318 procedures be combined with the proposed dynamic increase
factors for designing epoxy adhesive anchors. Recommendations for future research were made
to fill gaps in the existing research effort and to evaluate the conservative nature of the proposed
design methodology.

Based on the previous research on epoxy adhesive anchorages, it was proposed to design
several potential alternatives for the BR27C combimatiail anchorage using the analytical
procedures developed during the Wisconsin study. Then 1aDOT could select the alternative
anchorage designs they found most desirable, and dynamic component testing would be
performed to verify their capacity.
2.21aDOT BR27C Combination Bridge Rail

The BR27C combination bridge rail design was originally developed and tested at the
Texas A&M Transportation Institutén 1993 p]. The bridge rail design consisteaf a 24in.
(610-mm) tall by 10in. (254mm) thick vertical concrete parapetith the combination rail
mounted on top of the parapets shown inFigure 2. Both the sidewalkand bridgedeck
mountedversions of the combination bridge rail were subjected to threesdale crash tests
according to Performance Level 2 @) of the AASHTO Guide Specifications for Bridge

Railings[7]. The three fulscale crash tests included:
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1. Impact of an 1,80db (817kg) smdl car at 60 mph (96.6 km/h) and an angle of 20

degrees.

2. Impact of a5,400Ib (2,452kg) pickup truckat 60 mph (96.6 km/h) and an angle of

20 degrees.

3. Impact of @ 18,000lb (8,172kg) single unittruck at50 mph 80.5 km/h) and an

angle ofl5degrees.

All six crash tests of the BR27C combination rail were successful and met the AASHTO
PL-2 criteria. Damage to the combination rail and parapet was limited in the majahty tests.

One of the singlainit truck tests didshow detachment of the rail fromhé support posts, but
most of the bridge rail damage was minamd the combination rail posts remained attached to
the parapet in all of the tests.

Subsequent to the design and testing of the original BR27C combination bridge rail, the
Federal Highway Admnistration (FHWA) released a memo regarding listings of bridge railing
designs that were considered acceptableideron éderalaid projects by virtue of their previous
crash test performand&]. FHWA officials reviewed these listings ands@ged eacla rating
that was relativedo one of the six test levels suggested in NCHRP Réyor850[9]. In this
memo, the BR27C design was listed as equivalent to NCHRP Report No. 350 Test Level 4 (TL
4).

Based on the previous testing and the FHWA memo, [aDOT has previously used the
BR27C rdling on their facilities. As part of recent updates to their bridge rail designs, 1aDOT
has switched to a slightly wider concrete parapet design ttzat is. (610mm) tall by 2 in.

(305 mm) thick as shown irFigure 3. As such, the revised parapet design was used for the

alternative epoxy adhesive anchor designs developed as part of this research.
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2.3 Alternative Anchorage Design Calculations

The design of the epoxy adhesive anchorages began with determination of a design load
for the post and baseplate of the BR27C combination rail. Because the exact imgagtdbad
theBR27C rail during the original crash testing was unknown, it was assumed that the anchorage
designs would need to develop the 4mbment capacity of the bridge rail post. Designing the
alternative anchorages to meet this load would ensurethbatiesigns were as strong as the
original castin-place anchorage that was tested and could develop the upper bound of the
potential load imparted to the anchorage.

The BR27C railing usestSS 4in. x 4in. x ¥/1¢-in. (102mmx 102mm x5-mm) A500
GradeB steel tube for the vertical support post attached toia. ¥49mm) thick A36 steel
baselate. Thetube section haan area, section modulus, and plastic section modulus of 2.77 in
(1,787 mm), 3.30 it (54,077 mnT), and 3.91 if (64,073 mm®), respectiely. A500 Grade B
steel has aninimumyield strength of 42 kg289.6MPa). However, steel tube sections designed
as A500 Grade B are regularly fabricated from higgtength steel, occasionally up to #&00
GradeC minimumyield strength of @ ksi (317.2 MPa) Assumng the potential for the higher
strength Grade C materjand using the plastic section modulus of the tgbees a moment
capacity of the post af79.9kip-in. (20.33kN-m). This moment capacity was rounded to an
even 180 kigin. (20.34 kN-m) and used for the design calculations of the alternative epoxy
adhesive anchorages.

As noted previously, the design of alternative epoxy adhesive anchorages for the BR27C
combination bridge raiwas developed usingACl 31811 procedures for design afpoxy
anchorages with modifications dffnamic increase factors for concrete breakout, steel fracture,
and bond strengthDetails of the design calculatiorfer the final designsare provided in

Appendix A, but some comments on the basic design procedures should be notedorFirst,
10
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conceptsncorporatingtwo rows of anchordt was assumethe tensile loads to develop moment
capacitywould be suppliedy the frontanchors while the rear anchors would develop the shear
loads. Anchorage concepts that used only a single row of bolts had to account for both tensile
and shear loads imll anchors. The design calculations evaluated steel fracture, concrete
breakout, and dhesive bond failure in tension. Shear calculations evaluated steel fracture,
concrete breakout, and concrete pryout.

The calculations also accounted for reduction in anchor capacity due to the distance to the
edge ofthe parapet and anchor spacing basethe area of influence for the concrete and bond
failures.Anchorage eea of influence defines a region of the concrete where the anchorage forces
are distributed in order to develop load for both concrete breakout and bond strength. If these
areas exceethe edge of the parapet or overlap the area of influence of other anchors, then the
capacity of the anchor is reduckg the ratio of the unavailable area divided by the original
assumed influence areA simpleexample ofarea of influence fotwo anchos that exceed the
concrete edge and interfere with adjacent ancis@own inFigure4. Note that for the simple
two-anchor example, the purple area denotes where the area of influence doagatihe
parapetedges The orange area indicates where the area of influencenforkor s A A0 and
overlap.In this areapnly half of the overlapping area can be utilized by eauthar, so the
anchor capacitynust be reduced accordingly

A final note should be made regardiag additional modificatiothat was made to the
ACI 31811 calculations for this projectlnitial calculations for tensile concrete breakout
capacity indicated that extremely large embedment depths would be required to provide the
desired anchoragelue to the edge distance of the anchors to the side of theepaf&ese
calculations assume a concrete cone failure of the parapet that extends diagonally from the base

of the anchor to the edges of the area of influence.
11
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Figure4. Concrete Area of Influence for Two Adjacent Ancs on Concrete Parapet
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While this assumption may be true of las@ea, unreinforced slabs, it was not believed
to be accurate for the reinforced concrete parapet in this research. A more reasonable form of the
failure mode was believed to laehybrid concreteane and adhesive bond failure, as shown in
Figure5. In this type of failure mode, the concrete cone failure is prevented from extending to
the base of the anchor by the longitudinal refbae hybrid failure assumption was extended to
the ACIl 31811 calculations by assuming that the upper half of the aanembedment
contributed to the concrete breakout and the lower half of the embedment contributed to a bond
failure. Thus, the calculations for the concrete breakout and heryth were performed with
onehalf of the actual anchor embedment and thennsehto determine the tensile anchor
capacity.

All calculations for the alternative adhesive anchorages were perf@ssadhing the use
of Hilti RE-500 epoxy adhesive, which has a bond strength of 1,800 psi (12.4MPa). It was
assumed that other epoxy adkesi could also be used with the alternative anchoragesng
as the bond strength of the adhesive was equal to or greater than 1,80D.4diPa) The
concrete compressive strengthr the design calculationsas assumed to be 4,000 psi (27.6

MPa).

13
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2.4 Alternative Anchorage Concepts

Multiple concepts were developed and evaluated as part of the design effort, but only
four concepts were submitted to 1aDOT for review. Tbaer conceptsvaried the number
placementand sizeof the anchors. Nvasbelieved that all of the desigmsould meet the design
tensile and shear loadetermined from the moment capacity of the post. Each of the concepts is
reviewedin the subsequent sections. Details of the design calculations for the final designs are
provided inAppendix A

2.4.1Four-Bolt Square Anchorage

The fourbolt square anchorage concept uaaéctangular bolt pattern of four bolts on a
square plateas shown irFigure 6. The four bolts allowd for a design where the front bolts
developthe tensile loads and the back anchors acealufior the shear loads.

This concept waslso similarin layout tothe current cagh-place design. The anchor
boltswere/gin. (16 mm)in diameter and embedded 10 in. (254 nimty) the parapefll of the
anchorageconceptswere designedo have between 3n. (19 mm)and 1lin. (25 mm) of
clearance from the longitudah parapet reinforcemertb ensure that they were not impacted
during installation of the epoxy anchors. This constrained the design somewhhg daricept
did meet the tension and shéaad requirementss determined from the moment capacity of the
vertical post The main drawbackf this conceptvasthat the anchorsvere only 2.75 in(70

mm) apartacross the width of the parapetich could make it difficult to install.

15
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2.4.2Four-Bolt Spread Anchorage

Thefour-bolt spreadanchorage concept wbséhe same anchor size and embedrdepth
but it spreadbut the backside anchors itaprovethe anchoispacing fora fourbolt pattern as
shown inFigure 7. Design calculations indicated that thenmased spacing of the anchors not
only satisfied the design loads, but ledthis configurationhaving a higher capacity than the
four-bolt square anchorage concept.

2.4.3Two-Bolt Centered Anchorage

The two-bolt centerecanchorageoncept used linear bolt pattern of two bolts centered
on a sgare baseplate, as shownHigure 8. This concept reduceithe number of anchors but
required increased anchor diameter and embedndepth due to combined shear and tension
loading of the anchors. The concept usenh319-mm) diameter bolts with an embedmeri 12
in. (305 mm) Design catulations for this concept showéuht the anchorage can develop both
the shear and the tensile load#en determinedindividually. However, the ACI code
recommends eeduction for combined &ding,wherethe sum of the applied design load divided
by the total capacity in both shear and tension must be less than 1.2. For this concept, that sum
was calculated to b&.44. Howeverneither thegeneral anchor calculations nor tbembined
loading @lculationin ACI 31811 account forthe reinforcing steel and its contributions to the
anchoragecapacity. As such, this design would potentially work under combined loads when

including these other factors.

17
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2.4.4Two-Bolt Offset Anchorage

The twabolt offset anchorageconcept usedwo bolts offset towards the front of the
squarebas@late as shown irFigure9. The desigrwasidentical to the centered conceexcept
that the boltswere offset towards the front of the parapé&d increase the shear capacity
sufficiently to meet the combined loadingquirement in the ACI code. Thus,wias a more
conservativalesign Drawbacks to this desigmerethe offsetof the anchorandthe potential for
reverse bendintpads The researchetselievel that the centered concept may be easier to install
due to tle bolts being centered on the rail rather than offsgditionally, if the potentialexists
for significant reverse bendy loads, then this concept would have reduced capacity in that
regard. However, it was believed that the reverse bending loads BR#® combination rail
were lower than the primary impact loads. Thus, the concern with respect to reverse bending
overloading the anchorage was limitéa order toalleviate that concera smaller anchatould
be placedn the backside of the post.
2.5 Sekction of Preferred Alternative Anchorage Concepts for Evaluation

laDOT representatives reviewed the four proposed alternative anchorage concepts and
selected the fodbolt spread anchorage and the tait offset anchorage as the preferred
designs for eaation through dynamic component testing. In addition to these two proposed
configurations, 1aDOT also requested that the researchers conduct dynamic testing on a third
option that had been previously installed on the20Soridge near Hardin, IA, as shown
Figures10 through13. 1aDOT wasinterested in evaluating wtkeer this specific configuration
meets/exceeds the capacity of the FH\Affprovedcastin-place BR27Ccombination bridge

rail, and they wishetb verify its performance as constructed.

20
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3 POSTTESTING CONDITIONS

3.1 Purpose

A series of foudynamic bogie testewere conducted on the original BR27C combination
bridge rail post and three alternative epoxy adhesive anchdesigns The purpose of these
tests werdo establish the baseline capacity of the origB@27C casin-place anchoragand
compare this capacity with the proposed alternative designs. The target impact conditions for all
tests were identical. The testvere configured so that the applied impact load would occur at a
heightof 16 in. (406 mm) above the top of the parapetthe post/rail in order to produce a
bending moment in the post and combined loading on the anchorage system similar to that
provided during vehicle crash events. The force versus deflection, energy dissipated versus
deflection, and failure modes were documented for each test and compared to one another. These
comparisons were then used to verify that the proposed anchorages praudedregreater
capacity than the fultcale crash tested anchorage. The tests required construction of a short
section of simulated bridge raibif attachment of the post, batse, and anchor hardwargll
dynamic tests were conducted at the MwR&bvIng gounds in Lincoln, Nebraska.
3.2Scope

Four dynamicbogie tests were conducted on HSB1.4x 4-in. X */1¢-in. (L02-mm x 102
mm X 5-mm) steel tubesvith baseplatesnounted on top of a reinforced concrete parapee
reinforced concrete parapet wenstalled below gradesuch that theop of the parapet was
essentially level with the concrete apron at the test site. Installation of the parapet below grade
allowed the researchers to impact the post assembly at the desireddeigitiuce similapog
loading to the horizontal bridge rail tube during an impact evdifite concrete parapet layout
was based on the parapet design used in the originadcti crash testing of the BR27C

combination bridge rail and the revised parapet design provideaD®)T. As such, t parapet
26
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was 10 in. (254mm) wide on one end and was then widened to 12 in. (305 mm) for the
remainder of the parapet. All parapet reinforcement was made consistent with the original and
revised parapet designs that were provided. Theretsmused for the papet was selected to be
a 3,600psi (24.8MPa) mix meeting 1aDOT Class-@ concrete specificatiorhis mix design
was consistent with the concrete strength of the parapet used in the B@RREET combination
bridge railcrash testig. 1aDOT typicdly uses a 4,009si (27.6MPa) concrete mix for their
concrete parapets, but the lowstrengthconcretewas selected for all the component sast
order to provide accurate data for the baseline test of the originahgalate anchoge and to
provide a consistent comparison of anchorage capacity using the same concrete strength. It was
believed that if the alternative anchorages provided equal or greater capacitycragiine
anchorage in the 3,6Qfsi (24.8MPa) concrete, it wouldbe acceptable irhigherstrength
concrete as well.

The poss and baseplates used in the dynamic component tests were developed based on
details of the originaBR27C combination bridge raithe alternative anchorages developed in
the previous chapternd details provided by 1aDOT for the L2 bridge installation. All of the
test setups used the sa8S 4in. x 4-in. x ¥/1&in. (1022mm x 102-mm x 5-mm) steel tube
welded to baseplates that were anchored to the concrete tpdBapeplates for théur-bolt
spread and twbolt offset anchorages were designed based on the anchorage system and
moment capacity of the posthe two remaining designs used baseplates based on the provided
details. The two alternative anchor concepts developed in theopseghapter were installed
using Hilti RE500 SD epoxy adhesive. The anchorage foliBe20 bridgewas installed with
FastenaPro-Poxy 300, per the 1aDOT details.

The target impact conditions were a speed of 15 mph (24.1 km/h) and an angle of 90

degres, creat i-mmgo aofrontefeimpdittand strongaxis bending.Target impact
27
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height for the testing waks in. (406 mm) above thgroundline. The posts weranpacted 17 in.
(432 mm) above th&op of the parapetue to the cocrete parapet being ih. (25 mm) lower
than grade.

The test matrix is shown iRigure 14, and the test setup is shownFigures15 through
29. Test installation photographs are showrFigures30 through34. Material specifications,
mill certifications, and certificates of conformity for tkembination rails attached to concrete

parapetsare shown ilAppendix B

28
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Test No. Test Article Impact Height i B e s
1 R | Wl | s e <
2 Four Spreod Epoky 16" [406] 15 [24.1] 90
3 Ta: Ottt Epoxy 16" [406] 15 [24.1] 90
4 US—20/Hardin Bridge 16" [406] 15 [24.1] 90

Notes: (1) Instrumentation
—DTS SLICE 1 and 2
—High—speed cameras perpendicular, offset behind, and offset front
(2) Document parapet cracking and damage before and after test.

(3) Need concrete cylinders from the pour (@6"x12" [¢152x305])
—12 from “start of pour and 12 at end of pour

(4) Concrete parapet and grade beam may be constructed by subcontractor.

Midwest Roadside
Safety Facility

SHEET:
lowa Bridge Rail e
DATE:
4/30/2014
DRAWN BY:
Test Matrix sDB
DWG. NAME.

lowaBR27C_R3

SCALE: 1:30 [REV. BY:
UNITS: in.[mm]|RWB/KAL

Figurel4. Bogie Testing Matrix and Setup

GT-GZE-£0dY.LON Hoday 4SHMIA

STOZE 19qWanoN



0€

Test Impact Height 'mggc kﬁqpeﬁ]d (dé‘g?e'gs)
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e
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24 [/4"
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Ground {
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T
X
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Fill Soil

Safety Facility
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4/30/2014
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. . ast—Iin—riace |es etu
Midwest Roadside i —

DWG. NAME.
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SCALE: 1:30 REV. BY:
UNITS: in.[mm]|RWB/KAL

Figurelb. Castin-Place Test Setup, Test No. 8P
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: Impact Spee Angle
Test Impact Height mgh i:krr?fhf (deg?ees)
Four—Anchor Spread 16" [406] 15 [24.1] 90

Ground
Line

127

[305]—’—4‘—'1

24 L/s”

/MwRSF Bogie No. 3—Small Bogie

[632] 16"
[406]
{
0"
[254]
J T /
a

Fill Soil

Midwest Roadside
Safety Facility

lowa Bridge Rail

Four—Anchor Spread Test Setup

SHEET:
3 of 16

DATE:
4/30/2014

DRAWN BY:
SDB

DWG. NAME.
lowaBR27C_R3

SCALE: 1:30

REV. BY:
UNITS: in.[mm][RWB/KAL

Figurel6. FourAnchor Test Setup, Test No. IBP
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: Impact Spee Angle
Test Impact Height mgh Ekmpfhf (deglgees)
Two—Anchor Offset 16" [406] 15 [24.1] 90

i

olile

b
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i

Vs

MwRSF Bogie No. 3—Small Bogie

S "
)]
y/
/
v
v
=2

\S
Y

2

12"
[305]]

Fill Soil

Midwest Roadside
Safety Facility

lowa Bridge Rail

SHEET:
4 of 16

DATE:
4/30/2014

DRAWN BY:

Two—Anchor Offset Test Setup |sps

DWG. NAME.
lowaBR27C_R3

SCALE: 1:30 |[REV. BY:
UNITS: in.[mm]|RWB/KAL

Figurel7. Two-Anchor Offset Test Setup, Test No. 3P
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. Impact Speed Angle
Test Impact Height mgh kmp/h] (deglgees)
US—20 River Bridge 16" [406] 15 [24.1] 90

MwRSF Bogie No. 3—Small Bogie

24 1L/1s"

[630] 16"
l [406]
Ground
Line 10"
[254] /
I
N\

[QS;]——L—J \_Fill soil

Notes: (1) This test uses Fastenal Pro—Poxy 300 epoxy, while the other two epoxy
tests use Hilti RE 500 SD.

Safety Facility
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lowa Bridge Rail el
DATE:
4/30/2014
UB-8 River Hildgs Teek Setup lag
" . - iver Bridge Test Setup
Midwest Roadside -

DWG. NAME.
lowaBR27C_R3

SCALE: 1:30

REV. BY:
UNITS: in.[mm][RWB/KAL

Figurel8. US-20 River Bridge Test Setup, Test No. HBP

GTG2EE€0dHION Hoday 4SHMN

GTOCE 19quanoN



ve

34" 60" 60” 54" 3gx
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7/L
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g S— 7] = (=] 17 .
[254] )k/ W \x [305]

PROFILE VIEW

Four—Anchor Spreod—[

Notes: (1) Slope shown is 2:1, but actual slope is not critical.
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PLAN VIEW
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US—20 River Bridge

w lowa Bridge Rail

Midwest Roadside

Safety Facility

System Layout

DWG. NAME.
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SCALE: 1:40
UNITS: in.[mm][RWB/KAL

Figurel19. System Layout

GTG2EE€0dHION Hoday 4SHMN

GTOZE 19quianoN



GE

3/4”

[19]l
A

o

© ©)

DETAIL A

D

N\

[2:’;] —l
f

N

N
©
&)

DETAIL C

® @Y

9
)

DETAIL B

1 3/4”
[44] 7] (@)

"\ @
®
@2
e

NS

@
)

N

NS

DETAIL D
SHEET:
lowa Bridge Rail et 12
DATE:
4/30/2014
DRAWN BY:
g 3 Post Layout Details
Midwest Roadside “ e
Sofety FGCi“ty DWG. NAME. [SCALE: 1:10  [REV. BY:
lowaBR27C_R3 UNITS: in.[mm][RWB/KAL
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Figure21. Castin-Place Component Details, Test No. IBP
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Figure22. FourAnchor Spread Component Details, Test No.-IBP
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Figure23. Two-Anchor Offset Component Details, Test No. {BP
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