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ODER R O A OR
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 than 1,000 L shall be showndin 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)
R . 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 square meters 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 yd®
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 the symbol for the International System of Units. Appropriate rounding should be made to comply with Section 4 &388TM
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1 INTRODUCTION
1.1 Background

Utility and drainage structures, such as intake tops, underground pipes, and surface flumes,
are commonly found along the roadside. When these structures are located adjacent to the ends of
a bridge, they can prevent the proper placement of guardrailitisis the approach guardrail
transition (AGT).Previousstudieshavesuggested that omitting even a single post from an AGT
can be detrimental to the safety performance of the sysyanctreasng deflections, pocketing,
andvehiclesnag[1]. Thus, AGT retrofit options are necessary to properly treat these sites where
the AGTs cannot be installed in their originaktested configuratios

In 2012, MWRSF conducted a study on retrofitting existing A@mocationswhere a
transition post could not be properly installgd. These retrofits included a horizontal beam
mounted to the backside of the rigid buttress/bridge rail as a surrogate fiostttransitionpost
adjacent to the parapet, as showrrigure 1, and a dual post and beam structure that could be
used to straddle an obstructianywhere within the AGT, as shownkimgure2. However, some
installations are troubled with obstructions that either prevent multiple posts from being properly
installed or prevent these retrofits from being installed properly. For examfdege drainage
basinor a piperunning parallel to the roadwayould prevent multiple posts from being properly
installed Therefore, a need exists to develop additional AGT retrofits for installation sites where
obstructions prevent proper installation.
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1.2 Objective

The objective othis projectwas to develop additional retrofit options for AGTs where
obstructions prevent the proper installation of the guardrail pdes. new retrofit options
developed herein were to address obstructions that the previous retrofits did not cover, as well as
address obstructions that prevented multiple posts from being installed within anTA&T
retrofitted AGTs should remain crashworthy to Test Level 3-8 bf American Associabn of
State HighwayndT r an s p or t a tA AoShH TQMVaireialdar Assessing Safety Hardware
(MASH)[2]. Phase | of the project, documented herein, was to develop retrofit designs through
computer simulation, and dynamic component tesfling proposed retrofits developed in Phase
| would beevaluated via crash testing in Phase Il of the project.

1.3 Scope

Research efforts began with a survey of the sponsaiatgdepartments afransportation
(DOTs) to gain an understanding of the types of hazards and obstructions that were preventing
AGTs from being installed in nominal configurations. From this survey, a suriacated post
was selected as the desired retrofit to address nreahyorld site issues. A surfagaounted AGT
post design was then developed through engineering analysis and computer simulations. The
surfacemounted post design was then refitleugh dynamic component testing. The fimedl
post configuration was recommended for MASH crash tedtinga complete performance
evaluation
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2 STATE DOT SURVEY

To better understand the obstructions and site conditions that were preventing the proper
installation of AGT posts, a survey/questionnaire was sent to the State DOTs that sponsored this
research project. The survey sought to identify the types and sihesatstructions, estimate the
number of affect posts and their locations within an AGT, learn about current practices for
retrofitting AGT installations when post obstructions are present, and gather photographs of actual
AGT installations. A copy of #asurvey is provided iAppendix A

Table 1 contains a summary of the survey responses that were received Ir@tate
DOTs TenDOTs expressed that they regularly have obstructions near bridge ends that prevent
the installation of AGT postslThe most common obstructions were drainage structures, utility
lines, and wingwalls. These obstructions were most likely to be located wittirofithe bridge
(as measured from the end of the bridge rail or buttesgsjhe number of posts affedby these
obstructions was typically limited to three or le®hotographsof actual AGT installations
provided by survey respondemtie shown irFigure3.

Tablel. Summary of Survey Responses

AGT Installation Issue gltj)r:ebr?/irn(g E SULS
Site constraints preventing AGT post installation 10
Site constraints allowing only partial embedment of AGT posts 7
Ground $opeson or near AGT post locations 7
Asphalt/concrete pavemerasvering AGT location 5

*11 total DOT responses

The survey responses also revealed that AGT posts often had to be installed on soil fill
slopes or within concrete/asphalt pavements. Previous shalieshown guardrail posts installed
on or adjacent to steep slopes have reduced strengths due to the lack of soil behind3Hg. post [
Reduced post strengths within AGWsuld result inncreaseaystemdeflections and vehicle snag
[1]. Conversely, asphalt and concrete pavements prevent guardrail posts from rotating through the
soil, thereby increasing post resistive strengths and leading to vehicle snag on posts and increased
stresses in the guardra8-8]. Thus, both of these ground conditions can be detrimental to the
performance cAnAGT. Examples of actual AGTs installetthese conditionprovided by survey
respondentare shown in Figure$and5.

Various retrofit design configurations to remedy these-ideal site conditions were
discussed with the project sponsor. Ultimately, the development of a saoréacded AGT post
was selected as the retrofit that best addressed these installationAssudacemounted post
would not interfere with subsurface structures, drainage pipes, or utility lines. Further, asurface
mounted post could be directly attached to concrete pavemmettsould be placed adjacent to
steep slopes.
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Figure4. Photographs of AGSInstalled orSlopes
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Figure5. Photographs of AGPostsWithin Asphalt orConcretePavements
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3 DESIGN AND ANALYSIS
3.1 Design Criteria

Following the DOT survey discussed in Chaj@ethe scope of the projesfas changed to
focus onthe development of a surfacgounted post as a retrofit option for obstrud&siT posts.
MASH-crashworthy, thridbbeam AGTSs typically utilize one of two post configurations: (1) W6x9
posts spaced at 18% in. (quarter post spacing) or (2) W6x15 posts spaced at 37%z in. (half post
spacing). Running concurrent toetproject described hereinanother Midwest Pooled Fund
projectwasfocused on the development of a surfagaunted W6x9 post for use with the Midwest
Guardrail System (MGSY.0 avoid duplication of research efforts, it was decided that the surface
mounted AGT post would focusaetrofitting a W6x15 AGT post.

The primary function for the retrofit post was to replicate the strength of the original
W6x15 AGT post. In other words, the surfaveunted retrofit post was required to provide
similar forcedeflection characteristics to the W6x15 embedded in Isod. previous study7-ft
long W6x15 posts had been evaluated through dynamic impact testing with a rigid frame bogie
vehicle P]. In test nos.MGSATB-5 and MGSATB6, W6x15 posts embedded 54 in. into
compacted soil were impacted by an 1 800ogieata speed of 20 mph and at a height of 25 in.
ForceDisplacement plots from these bogie tests are showiigare 6. Through 15 in. of
displacement, the average forces from these two tests were 16.9 kips @kipd, respectively.
Thus,the target strength for the new surfameunted AGT post wasn average df7 kips through
10 in. of displacement.

i 7 ft Long Steel W6x15 Posts in Compacted Soill

=== MGSATB-5

25 ——MGSATB-6

Force (kips)

0 5 10 15 20 25
Displacement (in.)

Figure6. ForceDisplacemenData forTests MGSATB5 and MGSATRG6 [9]
7
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The AGT retrofit post was to be assembled from an ASTM A992 W6x15 post and an
ASTM A572 baseplate. The retrofit postvas toutilize the same section as the original AGT post
to avoid confusion as to which posts the new surfaocanted post could replace. The material
specification for the bag@ate was selected to match theld strength of W6x15 post (50 ksi).

A minimum depth of 8 inand a minimum compressive strength of 4,000yeseselected
for the concrete slab that would be supporting the new retrofit post. Accordingly, the threaded rods
used to anchor the retrofit post were limited to an embedment depth of 6 in. within the concrete
slab.Finally, to avoid costly repairs, the concrete and anchor rods were to remain undamaged when
the post was impacted/loaded. Thregyofit posts within an impactedtdmagedAGT could be
replaced with new posts using the saamchors.

3.2 Post Design

Recall, the surfacenounted retrofit post was required to have an average strength of 17
kips through 0 in. of lateral displacement. However, a W6x15 post attached to a rigigladse
would provide a higher strength than this desired valiadculating a posts strengtising the
plastic section modulus ofZ 10.8 in, a yield strength of,f= 50 ksi, and an effective load height
of 24 in. results in 23 kipto bend the podtackward Having a post strength 35 percent higher
than desired could lead teehicle snag and excessive deceleratidhsther, increased post
strengths would be more demanding on the anchorage hardware and concrete slab that were to
remain undamaged. Thus, the post needed to be weakened.

Variousmethods andhechanisms were explored to weaken the strength of the retrofit post
One mechanism was to put holes, chamfers, or cuts in the compression flange of the post, as shown
in Figure7. The reduced section would cause localized flange buckling under lower loads while
still allowing plastic bending resistance after yielding. Placing holes or cuts in the tension flange
was not desired as they could lead to tensile rupture of the fladgesagnificant loss of strength.

o (I

0
\/‘@ | lifo 0

Figure7. WeakeningHoles inPostCompressiorFlange
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Various weld patterns were also explored as aweskening mechanisr®ne weakening
concept was to only weld the front flange and web of the post to thepladse The unwelded
compression flange would then be susceptible to localized buckling, and hopefully, a reduced
strength to bend the post. Welds on the tension flange were considered crucial to developing
bending strength in the post, so only the weldshencompression flange were omitted for this
weaking concept.

Finally, varying the thickness and size of the ljlate was also considerad a weakening
mechanism fothe retrofit post. Ahinner/smallebaseplate would bend during loading to the post
and allow the post to rotate backwards, as showkigure 8. All of the post weakening
mechanisms discussed in this section were explored via dynamic impact testing, as documented in
Chapters through?.

Figure8. BasePlate BendingAllowing PostRotation

The weld required to provide adequate strength for the front flange was also to be
evaluated. In a previous study, a standayid “illet weld showed insufficient strength to attach a
W6x9 post to a basplate. When this W6x9 culvert post assembly was subjected to dynamic
impact testing, the weld on the front flange failed. Ultimately;@as$s, 3/dn. fillet weld was
necessary to prevent premature failure along the front flange of the W6x9 culvetiOpdstfas
unclear if a similar $ass weld would be necessary for the W6x15 post assembly designed herein.
Thus, dynamic testing would be conducted on posts with various welds along the front flange of
the post.

3.3 Anchorage Design

As discussed in Sectidhl, the anchorage for the surfac®unted, retrofit post was to be
designed for 8 in. thick concrete slaltsus limiting the anchor embedment depth to 6 in.
Additionally, both the anchor rods and the concrete slab were to remain undamaged during impact
events. Thus, the anchor rods and their spacing needed to be designed to prevent failure.

9
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The anchor rodthemselvesad to be strong enough to prevent tensile faihsrdateral
loads to the post translated to tensile load in the anchors. The post was designed for a lateral impact
load of 17 kips, but the lateral distance between the anchor rods and the post would dictate the
magnitude of the tensile load in the rods.(ia greater lateral distance results in a greater moment
arm and a reduced tensile demand on the anchor rods). However, thiatasas not to extend
in front of the thridbeam and oversized bgdates would add unnecessary cost to the retrofit post.
Additionally, the longitudinal spacing between anchor f¢ateral width of the basglate)had to
sufficient to avoid concrete breakout failure in the slHtus, the size of the anchor rods, the
spacing between anchor rods, and the lateral distance between the anchor rods and the post had to
be optimized.

The baseplate and anchor rod configurations were optimized by varying the anchor
locations, calculating their tensile demand, and estimating the anchorage tensile strength using
Chapter 17 of ACI 3181[1], which provides strength analysis procedures for anchor rupture and
concrete breakout. Ultimately, the op-ini mi zed
diameter ASTM A193 B7 threaded rosisaced 8 in. apart and at a distance of 5% in. from of the
front flange of the W6x15 post. The bgsate configuration was 11 in. wide by 16 in. deep.
Dynamic component testing was used to determine the necessary thickness of flatbass
documented in Chaptebghrough?.

10
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4 DYNAMIC COMPONENT TESTING CONDITIONS
4.1 Purpose

Dynamic component tests were conducted on various configurations of the surface
mounted, retrofit AGT post to evaluate the strength and robustness of the configurations. The
desired performance for the retrofit post was an average resistance force jpd @veki D in. of
displacementAdditionally, the post should deflect in a controlled manner without any failure or
damage to the anchor rods or concrete slab. For each round of component testing, multiple retrofit
post configurations were fabricated, athe testing was conducted with an iterative approach
where the post configuration selected for a given test was based on the results of the previous tests.
Not dl of the fabricated posts were tested.

4.2 Scope

A total of ninedynamic componertests were conductem/er 3 rounds of testing. Each
test consisted of a bogie vehicle impacting one of the design variations for the-swfated,
retrofit post.The targetdimpact conditions were a speedl@mph and an angle & degrees,
creating a -ocnoascri cfadl IA hferaa@nt al I The lBogié impaat d st r
head contacted the posts at a height of 25 in. above ground line. Each retrofit post configuration
was comprised of a W6x15 post welded bas@late, and the post assembly was anchored to the
concrete tarmac using epoxy anchored threaded rods. Details on the various post configurations
are provided in the test chapters for each round of component testing.

4.3 Equipment and Instrumentation

Equipment and instrumentation utilized to collect and record data during the dynamic bogie
tests included a bogie vehiclaccelerometersa retroreflective speed trap, higpeed ad
standarespeed digital video cameras

4.3.1Bogie Vehicle

A rigid-frame bogie was used to impact the posts. A variable height, detachable impact
head was used in the testingeTdogie head was constructe@oh. diameter, %4n. thick standard
steel pipe, with 3n. neoprene belting wrapped around the pipe to prevent local damage to the
post from the impact. The impact head was bolted to the bogie vehicle, creating a rigid frame with
an impact height o25in. Tess AGTRB-1 through AGTRB7 used bogie no. @ith a weight of
2,540 I whiletest nosAGTRB-8 and AGTRB-9 used bogie no.8ith a weight of 2,302 IlBoth
bogievehicles equippedith the impact headreshown inFigure9.

A pickup truck with a reverseable tow system was used to propel the bogie to a target
impact speed of 18 mph. When the bogie approached the end of the guidance system, it was
released from the tow cable, allowing it to be free rolling when it impactegdkt. A radie
controlled brake system was installed on the bogie, allowing it to be brought safely to rest after the
test.

11
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(b) Bogie No. 3i Tess AGTRB-8 and AGTRB9
Figure9. Rigid-Frame Bogie/ehicleson Guidance Tracks

4.3.2 Accelerometers

Two accelerometer systamweremounted on the bogie vehicle near its center of gravity
(c.g.) to measure the acceleration in the longitudinal, lateral, and vertical directions. However, only
the longitudinal acceleration was processed and reported.

The two systems, the SLICEand SLICE2 units, were modular data acquisition systems
manufactured by Diversified Technical Systems, Inc. of Seal Beach, California. Triaxial
acceleration and angular rate sensor modules were mounted inside the bodigsnebuils
SLICE 6DX event data recorders equipped with 7GB ofvaatile flash memory and recorded
data at 10,000 Hz to the onboard microprocess
each of three directions (longitudinal, lateral, and veitaad a 1,650 Hz (CFC 1000) aatiasing

12
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filter. The SLICE MICRO Triax ARS had a range of 1,500 degrees/sec in each of three directions
(roll, pitch, and yaw). The raw angular rate measurements were downloaded, converted to the
proper Euler angles for anal y erisaftwaregrogtamphdot t e d
a customized Microsoft Excel worksheet were used to analyze and plot the accelerometer data.

4.3.3Retroreflective Optic Speed Trap

A retroreflective optic speed trap was used to determine the speed of the bogie vehicle
before impactThreeretroreflective targets, spaced at approximatelnlétervals, were applied
to the side of the bogie vehicle. When the emitted beam of light was reflected by the targets and
returned to the Emitter/Receiver, a signal was sent to the data acquigitipater, recording at
10,000 Hz, as well as the external LED box activating the LED flashes. The speed was then
calculated using the spacing betwdiea retroreflective targets and the time between the signals.
LED lights and higkspeed digital video analysis are used as a backup if vehicle speeds cannot be
determined from the electronic data.

4.3.4Digital Photography

AOS highspeed digital video camesaGoPro digital video camesaand Panasonic digital
camera were used to document each test. The AOS-bed camesahad a frame rate of 500
frames per second, the GoPro video casieaal a frame rate of 120 frames per second, and the
Panasonic digital video camerhad a frame rate of 120 frames per second. The cameras were
pl aced | aterally from the post, with a view
summary of the number of video cameras usedch &sst is showin Table2.

Table2. Summaryof Cameras used Per Test

Number of Cameras

Test

>
O
w

GoPro Panasonic

1

AGTRB-1
AGTRB-2
AGTRB-3
AGTRB-4
AGTRB-5
AGTRB-6
AGTRB-7
AGTRB-8
AGTRB-9

RPlRr|lRr|RP|RPIRP|RP|PRP|R
OO kR, | PIT Wl I WwW wWw| w|w
AWl W |RP|RP|R|R
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4.4 End of Test Determination

Whenthe impact head initially contactsthe test article the force exerted by theogie
vehicle is directly perpendiculaHowever, a the post rotae s , the bogiebds ori e
move away fronperpendicularThis introduces two sources of error: (1) the contact force between
the impact head and the post has a vertical component ahe {&)pact headlides upward along
thetest article Therefore only the initial portion of the accelerometer trabeuldbe used since
variations in the data become significant as the system rotates dupibeverides the system.
Additionally, guidelines were established to define the end of test time tsimighspeed video
of the impact. The first occurrence of either of the following events was used to determine the end
of the test: (1) the test article fractured or (2) the bogie overrode or lost contact with the test article.

4.5 Data Processing

The electronic accelerometer data obtained in dynamic testing was filtered using the SAE
Class 60 Butterworth filter conforming to the SAE J211/1 specificatidp [The pertinent
acceleration signal was extracted from the bulk of the data signals. The processed acceleration data
was then multiplied by the mass of the bogie
Next, the acceleration trace was integratediid the change in velocity versus time. Initial
velocity of the bogie, calculated from the retroreflective optic speed trap data, was then used to
determine the bogiebds velocity and the cal cul
displacement. This displacement is also the displacement of the post. Combining the previous
results, a force vs. deflection curwas plotted for each test. Finally, integration of the force vs.
deflection curve provided the energy vs. deflection curve for &emsth

14
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5 DYNAMIC COMPONENT TESTING i ROUND 1
5.1 Scope

For Round 1 of dynamic component testing, nine different configurations of the surface
mounted, retrofit AGT post were fabricated. However, the selection of which post assembly to
evaluate was done iteratively for each test based on the results froravieiptests. Thus, only
five tests were conductetliring Round 1. The remaining four post assemble®wot anticipated
to provide the desired performance, so they were discarded.

Each of the post assemblies include®llan. tall W6x15 post welded to a steel batate
of varying sizes. Each postn. tlareaded rods| whichware a n c |
embedded into the tarmac using epoxy adhesive. The two anchor rods were spaced 8 in. apart and
5%in. in front of the front flange of the post.

Round 1 of component testing sought to evaluate a baseline post with no weakening
mechanisms (Assembly A) and posts with various weakening mechanisms including holes and
chamferdan the compression flange, various weld patterns, pke thicknesses, and bgdate
lengths. All nine post assemblies ascribedn Table3 anddetailed in Figure40 through23.

The test matrix describing whigiost assembly was evaluated during each testliistTable4.

Table3. Summary of Post Assemblies

Assembly Baseplate Ba_seplate Fr_ont Flange Bgck Flange Compression_
Dimensions | Thickness Fillet Weld Fillet Weld | Flange Weakening
A 160 X 10 3Pass e) -
B 160 X 10 3Pass None -
C 160 X 1J O 3Pass e) -
D 160 x IJ o 3Pass None -
E 160 X N)o) o) e) -
F 160 X 10 o) None -
G 140 x N)o) 3Pass None -
H 160 X 10 3-Pass 1 0 I 11 holes
[ 160 X 10 3Pass e 11 ¢hamfers

- = not applicable

Table4. Test Matrix, Dynamic Component TestinBound 1

Test Assembly
AGTRB-1 A
AGTRB-2 B
AGTRB-3 E
AGTRB-4 H
AGTRB-5 I

15
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Notes:

Test No. |Bogie No.|[Impact Speed (mph) | Impact Direction (deg) |Post Assembly| Anchor Embedment (in.)
AGTRB—1 4 18 90 A 10”
AGTRB-2 4 18 90 B 6"
AGTRB-3 4 18 90 E 6”
AGTRB—4 4 18 90 H 6"
AGTRB-5 4 18 90 | 6"
f -Post Assembly
L |
i
. g . T - ¢
i
! i
i
o
L
PLAN VIEW
N i i ¥ / 4
K 25"
Ground
Line
TARMAC

ELEVATION VIEW

(1) Anchors (part c1) are embedded into concrete tarmac using a chemical
expoxy adhesive (part c4) with o minimum bond strength of 1,670 psi,
a such as Hilti HIT RE=500 V3 or equivalent.
(2) Bogie weight should be approximately 2,500 Ib. Add ballast as needed.

Midwest Roadside
Safety Facility

System Overview

Additional Retrofit Options
for Post Conflicts within
AGTRB (Test Nos. 1-5)

[SHEET:
1 of 14

DATE:
10/31/2022)

DRAWN BY:
GHR/CSK/C
CHR/GSK/

DWG. NAME.
AGTRB-1-5_R10

[SCALE: 1:48
UNITS: in.

REV. BY:
SKR

Figure10. Dynamic Componentesting Matrix and SetupRound 1
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ltem No. [QTY. Description Material Specification
2 1/2" (TYP) = 1 |Retrofitted AGT Post—Assembly A =
—I al 1 |w6x15, 31" Long Steel Post ASTM A992
b1 1 [1"x11"x16" Base Plate ASTM A572
o k.
1
o \
N
See Note 3 3/8"|/
PLAN VIEW
1/4”
34" Lo
i B
I
ELEVATION VIEW PROFILE VIEW

e . . W

Additional Retrofit Options|, ot 1

for Post Conflicts within [
AGTRB (Test Nos. 1-5) [*°V*%
NOTES i F \élsl7dci)r§g ?is told_be co_mpletedd using the Gus—Mggg Arc Welding (GMAW) process with DRAWN BY:
e weldain wire an argon oxygen or cover gas.

2. Requires (_:ertifieg welder. 4 ¥a g Midwest ROGdSide Post Assmebly A ggR/GSK/C

&7 Weld requires 3 passes. Sofety FGCI|Ity Dw‘:;[,n:gvf,_s . jﬁArrLsE-:'“w Fﬁ\; BY:

Figurell Test Article Details, Round iLAssembly A
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Iltem No. [QTY. Description Material Specification
—2 1/2" (TYP) = 1 |Retrofitted "AGT Post—Assembly B =
al 1 |W6x15, 31" Long Steel Post ASTM A992
b1 1 [1”°x11"x16" Base Plate ASTM A572
O No Welds on
" back Flange
3"
0]
S N 3
ee Note /8" d
1/4
PLAN VIEW
31" 357
o -
[ [ [ — |
ELEVATION VIEW FREFILE VIEW
e . . W
Additional Retrofit Options|s ot 1
for Post Conflicts within [
AGTRB (Test Nos. 1-5) [*°V*%
it U e B DRAWN BY:
NOTES 1 Welding is to be completed using the Gas—Metal Arc Weldin GMAW rocess with . . 0os ssem |)’ GHR/GSK/C
ER765?—I’; welding wTrepand crg‘or? oxygen or CO2 cover gals.g ¢ ) I Midwest Roadside i
2. Requires certified welder. Sofety FGCIllty DWG. NAME. [SCALE: 1:10  [REV. BY:
3. Weld requires 3 passes. AGTRB-1-5_R10 UNITS: in. SKR

Figurel2 Test Article Details, RoundiLAssembly B
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ltem No. |QTY. Description Material Specification
- 1 [Retrofitted AGT Post—Assembly C —
2 1/2" (TYP)— al 1 |W6x15, 31" Long Steel Post ASTM A992
b2 1 |3/4"x11"x16” Base Plate ASTM A572
O 1
3"
O
See Note 3 ,,r\ \—n%
3/ PLAN VIEW /4
31 3/4"
|
ELEVATION VIEW PROFILE VIEW
ope . . W
Additional Retrofit Options|s o 1
for Post Conflicts within [
AGTRB (Test Nos. 1-5) [*°V*%
s il DRAWN BY:
NOTES 1. Welding is to be completed using the Gas—Metal Arc Welding (GMAW) process with . % ost Assembly R/C:
3 ER7()Sg—3 welciing wirepond <1rgong oxygen or CO2 cover gc:s.g ¢ ) e Midwest Roadside s
: equires certified welder. HR DWG. NAME. [SCALE: 1:10 |REV. BY:
3. Weld requires 3 passes. SOfety FGCIllty AGTRB-1-5_R10 UNITS: in. E(R

Figurel3. Test Article Details, RoundiLAssembly C
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ltem No. [QTY. Description Material Specification
2 1/2" (TYP) = 1 |Retrofitted AGT Post—Assembly D =
’— al 1 |w6x15, 31" Long Steel Post ASTM AS92
o I b2 1 |3/4"x11"x16" Base Plate ASTM A572
l I'\\ No Welds on
back Flange
I
O /
See Note 3 378" /4
PLAN VIEW
31" 31 3/4"
[ ——————
PROFILE VIEW
ELEVATION VIEW — - - |
Additional Retrofit Options|s of 1
for Post Conflicts within [
AGTRB (Test Nos. 1-5) [*°V*%
( ) s e 18 DRAWN BY:
NOTES 1. Welding is to be completed using the Gas—Metal Arc Welding (GMAW) process with i % oS ssem
2 ER70.SQ_3 “’?H]ng Wir|edpcnd <J|'gor$J oxygen or CO2 cover gos.g E Midwest Roadside 4 =
3 equires certified welder. HR DWG. NAME. [SCALE: 1:10 |REV. BY:
3. Weﬁd requires 3 passes. SOfety FGCIllty AGTRB—1-5_R10 UNITS: in. E(R

Figurel4. Test Article Details, Round iLAssembly D
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NOTES 1

2 1/2" (TYP)—I
o |

PLAN VIEW

ltem No.|QTY.

Description

Material Specification

Retrofitted AGT Post—Assembly E

al

W6x15, 31” Long Steel Post

ASTM A992

b2

3/4"x11"x16" Base Plate

ASTM A572

1/4"

W

3/4"

ELEVATION VIEW

Welding is to be completed using the Gas—Metal Arc Welding (GMAW) process with

ER70S-3 welding wire and argon oxygen or CO2 cover gas.
Requires certified welder.

— 1

PROFILE VIEW

Midwest Roadside
SOfety FGCIllty WG, NAME.

SHEET:

Additional Retrofit Options|s of 1

for Post Conflicts within [
AGTRB (Test Nos. 1-5) [*°V*%

DRAWN BY:

Post Assembly E GHR /GSK/C
SS

AGTRB-1-5_R10

[SCALE: 1:10  [REV. BY:
UNITS: in. SKR

Figurel5. Test Article Details, RoundiL Assembly E

G2267-€0dHION Hoday 4SHMI

G¢0e ‘/mequiadag



ac

ltem No.

Qry.

Description

Material Specification

Retrofitted AGT Post—Assembly F

2 1/2" (TYP
/()—‘ al

NOTES 1. Welding is to be completed using the Gas—Metal Arc Welding (GMAW) process with
ER70S—3 welding wire and argon oxygen or CO2 cover gas.
2. Requires certified welder.

Midwest Roadside

1 |wex15, 317 Long Steel Post ASTM AQ92
o _I_ b1 1 [1"x117x16" Base Plate ASTM A572
*——1——__ No Welds on
back Flange
I
o)
1/4"
1/4"
PLAN VIEW
31" 35"
[ L 1
ELEVATION VIEW PROFILE VIEW
[SHEET: |

Additional Retrofit Options|; ot

for Post Conflicts within [me
AGTRB (Test Nos. 1-5) [*°V*%

DRAWN BY:

Post Assembly F GHR/GSK/C
SS

SOfety FQCIllty WG, NAME.

AGTRB-1-5_R10

[SCALE: 1:10  [REV. BY:
UNITS: in. SKR

Figurel6. Test Article Details, RoundilAssembly F
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ltem No.[QTY. Description Material Specification
2 1/2" (TYP -
= 1 |Retrofitted AGT Post—Assembly G —
al 1 |W6x15, 31" Long Steel Post ASTM A992
o _I_ | No Welds on b3 1 |3/4"x11"x14" Base Plate ASTM A572
la—"1 back Flange
l 3"
@)
See Note 3 1/47
ee Note 3/8" /
PLAN VIEW
31 31 3/4"
[ —
ELEVATION VIEW PROFILE VIEW
e . . W
Additional Retrofit Options|e of 1
for Post Conflicts within [
AGTRB (Test Nos. 1-5) [*°V*%
it U i B DRAWN BY:
NOTES 1z Welding is to be completed using the Gas—Metal Arc Welding (GMAW) process with . . ost Assembly GHR/GSK/C
ER7OSg—3 welding wire and urgong oxygen or CO2 cover gqs.g ¢ )P M|dweSt ROO.d.SIde 55
2. Requires certified welder. Sofety FGCI|Ity DWG. NAME. [SCALE: 1:10 |REV. BY:
3. Weld requires 3 passes. AGTRB-1-5_R10 UNITS: in. SKR

Figurel7. Test Article Details, RoundilAssembly G
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Iltem No. | QTY. Description Material Specification
2(4/3" - 1 Retrofitted AGT Post—Assembly H
[ P » W
a2 1 IY{VSI?S& 31" Long Steel Post, 1 1/4 ASTM A992
o S
“ J b1 1 |1"x11"x16" Base Plate ASTM A572
N
o /“ \
S N 3
ee Note 378" _
PLAN VIEW /4
0 O
[ ] I |
ELEVATION VIEW PROFILE VIEW

ope . . W

Additional Retrofit Options|s of 1

for Post Conflicts within [me
AGTRB (Test Nos. 1-5) [*°V*%
( ) S _ DRAWN BY:

NOTES 1. Welding is to be completed using the Gas—Metal Arc Welding (GMAW) process with 4 % os ssem

5 ER?OSQ—S welt}ing wirle:ond <1rgong oxygen or CO2 cover gos.g P Midwest Roadside y SHR/6SK/C

’ equires certified welder. HR DWG. NAME. [SCALE: 1:10 |REV. BY:

3. Weﬁd requires 3 passes. SOfety FGCIllty AGTRB-1-5_R10 UNITS: in. E(R

Figurel18. Test Article Details, RoundilAssembly H
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L

[ ]

ELEVATION VIEW

NOTES 1. Welding is to be completed using the Gas—Metal Arc Welding (GMAW)

2. Requires certified welder.
3. Weld requires 3 passes.

process with ER70S—3 welding wire and argon oxygen or CO2 cover gas.

ltem No. QTY. Description Material Specification
2(%3»7 — 1 Retrofitted AGT Post—Assembly | =
W6x15, 31" Long Steel Post, 1 1/2"x1
= a3 1 [Wosd5 a0 Long / ASTM AQ92
I b1 1 1"x11"x16" Base Plate ASTM A572
|1
o \
See Note 3 378"
PLAN VIEW
1/4”
31" 35"

I
PROFILE VIEW

Midwest Roadside
Safety Facility

Additional Retrofit Options ?o of 14
for Post Conflicts within [
AGTRB (Test Nos. 1-5) [*°V*%

Post Assembly |

HEET:

DRAWN BY:
GHR/GSK/C
CHR/GSK/

DWG. NAME.
AGTRB-1-5_R10

[SCALE: 1:15  [REV. BY:
UNITS: in. SKR

Figurel19. Test Article Details, RoundilAssembly |
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i i 1

11/2" @ 11/2" 1.1/2"
¥ — 1 -
5 1 1/2" 1" (TYP)
@1” (TYP) " ’
1 1 1
@1" (TYP) 1 1/2—
11/2"
11/2" Vs 1.1/2"
f f f
PLAN VIEW PLAN VIEW PLAN VIEW
L | 16 [ 16 { | 14" |
| { I \ ) | I— | { _I
[ ] m ] i ™ ]
T i
L1" L3/4 3/4
ELEVATION VIEW ELEVATION VIEW ELEVATION VIEW
Part b1 Part b2 Part b3

BREET |
Additional Retrofit Options|i o 1

for Post Conflicts within [me
AGTRB (Test Nos. 1-5) [*°V*%

DRAWN BY:

¥ % Test Assembly Components
Midwest Roadside y P gL /05K /0
Sofety FOCIllty DWG. NAME. [SCALE: 1:8 REV. BY:
AGTRB-1-5_R10 UNITS: in. SKR

Figure20. Test Article Details, RoundilBasePlates
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G

174
1/4"

PLAN VIEW

PROFILE VIEW
Part a1

1743
1/4"—fle

PLAN VIEW

i~

D D
1(%3"; IRV

PROFILE VIEW
Part a2

]

1/4" ol

i
o

PLAN VIEW

i
1744
ves =
P

Z]
et
ROFILE VIEW

Part a3

Midwest Roadside
Safety Facility

HEET:

Additional Retrofit Options ?2 of 14
for Post Conflicts within [

AGTRB (Test Nos. 1-5) [

DRAWN BY:

Test Assembly Components GHR/OSK/C
DWG. NAME.

AGTRB-1-5_R10

[SCALE: 1:8 REV. BY:
UNITS: in. SKR

Figure2l. Test Article Details, RoundilPost Segments
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TBD, Cut to length per test

Part c1
SCALE 1 : 2

-1 l—1/8"

L)
S

ELEVATION VIEW

®15/16"

PROFILE VIEW
Part c2

\—7/8"—9 UNC

1.7/16" |

ELEVATION VIEW

Midwest Roadside
Safety Facility

] f
¢7(s"
7/8"
7/8"-9 UNC
Part o3 PROFILE VIEW
S
Additional Retrofit Options|s o 14
for Post Conflicts within [
AGTRB (Test Nos. 1-5) [*°V*%
DRAWN BY:
Hardware G /oSK/C
DWG. NAME. [SCALE: 1:1 REV. BY:
AGTRB-1-5_R10 UNITS: in. E{R

Figure22. Test Article Details, RoundilAnchorage Hardware
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ltem No. QTY. Description Material Specification
al 7 W6x15, 31" Long Steel Post ASTM A992
a2 1 W6x15, 31" Long Steel Post, 1 1/4" Holes ASTM AQ992
a3 1 W6x15, 31" Long Steel Post, 1 1/2"x1 1/2" Cuts ASTM A992
b1 5 1"x11"x16” Base Plate ASTM A572
b2 3 3/4"x11"x16" Base Plate ASTM A572
b3 1 3/4"x11"x14" Base Plate ASTM A572
c1 (M * 7/8—-9 UNC, Threaded Rod, Length TBD ASTM A193 Grade B7
c2 12 7/8” Dia., Plain Round Washer ASTM F844
c3 12 7/8"-9 UNC Heavy Hex Nut ASTM A194 Grade 2H or Equivalent
c4 = Chemical Epoxy Hilti HIT RE-500 V3

Note: (1) 12 ft of threaded rod is needed to allow for enough for test series. Individual rod lengths to be cut as needed for each test,
equal to the embedment depth plus 2 in.

6¢

ope . . W
Additional Retrofit Options|iu o 14
for Post Conflicts within [
AGTRB (Test Nos. 1-5) [*°V*%
DRAWN BY:
Midwest Roadside| o' ° Moterio® Gorvosre
Sofety FGCIllty DWG. NAME. [SCALE: Nene FEV. BY:
AGTRB-1-5_R10 UNITS: in. SKR

Figure23. Test Article Details, RoundilBill of Materials
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5.2 Results

Round 1 ofphysicaltesting includedive dynamic component tests. Descriptions of each
test, including sequential and pdsst photographs, are contained in the following sections. Data
from both accelerometers was processed for each test. Although the two accelerometers produced
similar results, the values described herein were calculated from the SLI#a in order to
provide a common basis for comparing the test results. Test results from both accelerometers and
for all tests are provided ippendix B

5.2.1TestNo. AGTRB-1

Test no. AGTRB-1 was conducted on a post assembly without any post weakening
mechanisms, a thick baptate, and anchors epoxiedo the concrete a depth of 10 in. (4 in.
further than design requirements). Test AGTRBerved as a baseline test to measure the-force
displacement results for an unmodified pegh a thick, nearigid baseplate.

During test noAGTRB-1, the bogie impacteBost AssemblyA at a speed 0183 mph
causingthe post to yield and bend backwaithe bogie overrode the top of the post at a
displacement 015.0in. Uponposttest examinatiorpost bending was the result of compression
flangebuckling and plastic bending the baselate Neitherweld nor anchor failureoccurred
Time sequential photographs and pagpact photographs are shownRigure24.

Forcedeflection and energgleflection curves were created from the accelerometer data
and are shown iRigure25. A peak force o82.9kips occurrecht a displacement of 3.2 in., atick
post assembly providemh average force @52 kips throughlOin. of displacementAs anticipated,
the measured resistance force was significantly higher than the desired 17 kip onerofl
displacement.
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CIMP

ACT

Figure24. Time-Sequential and Poesinpact Photographs, Tesb. AGTRB-1
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Figure25. Face vs. Deflection and Energy vs. Deflectidest No. AGTRB-1

5.2.2Test NO.AGTRB-2

and

Testno. AGTRB-2 was conducted dhost Assembly B, which had ar. thick baseplate

t h ®uripgtest NAASTRB-3, ithp lbogies impaciea
the post assembly at a speed 6f2mph causinghe post to yield and bend backwafdhe bogie
overrode the top of the post at a displacement of 17Rostbending was found to be the result
of compression flangeuckling andplastic bending of the bapéate There was ndamage to the
anchor rods or the supporting concrete slalime sequential photographs and paogpact

no welding of

photographs are shown kigure26.

Forcedeflection and energgeflection curves were created from the accelerometer data
and are shown iRigure27. A peak force of31.4kips occurredat a displacement of @in., andthe

post assembly provided average force oR1.0 kips through 0 in. of displacementThus, Post
Assembly B provided a 17 percent reduction in force, as compared to the baseline, Assembly A.

However, 21.0 kips was still 19 percent higher than the target&ip X&sistance.

32

f

an



Decembetl?, 2025
MwRSF Report NoTRP-03-492-25

—a » LS
IMPACT

PR A B

0

% NS NS

.050 sec

Figure26. Time-Sequential and Poesinpact Photographs, Tedb. AGTRB-2
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Figure27. Face vs. Deflection and Energy vs. DeflectidestNo. AGTRB-2

5.2.3TestNo. AGTRB-3

Testno. AGTRB-3 was conducted on Post Assembly E, which utilized a thinnamn, %
thick baseplate and single pass-ivk fillet weld all around the base of the poBuring testno.
AGTRB-3, the bogie impacted the post assembly at a speed2inpB. causing thbaseplate to
bend upward and allow the post to rotate backward. As the ghaise deformed, it caused a
combination of tensile and bending to the anchor rods. This prying action eventually resulted in
both anchor rod$racturingaround 910 in. of displacement and allowed the post assembly to
displace freely. Minimal deformations were observed on the post, but theplzsewas
significantly bent. Both anchor rods fractured near ground line under theplzee Time
sequential photographs and pospact photographs are shownFigure28.

Forcedeflection and energgeflection curves were created from the accelerometer data
and are shown iRigure29. A peak force of81.6kips occurredat a displacement & 1in., andthe
post assembly providezh average force df9.9kips through 10 in. of displacemeRost Assembly
E provided a lower resistance force than the two previous tests, but the fracture of the anchor bolts was
detrimental to its performance.
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IMPACT

0.025 sec

0.050 sec

0.075 sec

0.100 sec

0.125 sec

Figure28. Time-Sequential and Poesthpact Photographs, Telsb. AGTRB-3
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