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1 INTRODUCTION
1.1 Background

Over the years, it has become desirable to place a longitudinal concrete slab or
continuous asphalt pavement underb@am guardrail systems in order to reduce the time and
costs for mowing operations around guardrail posts. Unfortunagipr research ha
demonstrated that standasttongpost W-beam guardrails may not perform in an acceptable
manner when the guardrail posts are placed directly in an asphalt or concrete pahament
restrics post rotation. Rail ruptures have been attributed lmss ofenergy dissipation in the
barrier system when positgere restricted from rotating through the $aib].

Currently guardrail posts installedithin mow stripshave required alockedout area or
Al eave o t hat S U r Leavepoutshbow possdohrotapeatsough the spivhich
resuls in acceptable safetyerformance for standard Wbeam guardrail§3-6]. Many leaveout
desigrs incorporate weak cemegrout mixes or rubber/foam pad$at restrict plant growth but
crumble away under impact loadster an impact eventhe debris is removed, soil isaeped,

a newpost isdriven into placeanda new batch of the weak cemenmt/ut is pourednto the
leaveout Therefore, significant effort is required to reset a post after an impaamples of
typical groutfilled leaveoutsbefore and after impaeare shown irFigurel.

In 2010, theMidwest Guardrail SystemMGS) Bridge Rail was developed utiliag
S3x5.7 (F6x8.5) steel posts at hadbst spacing, or 37%2 {953 mm)on center to support
standard Wheam gardrail segments/{8]. The posts were installed tubular steel socke that
were sidemounted to a concrete bridge de@s shown inFigure 2. Energy was dissipaéd
during impact events throudgending of the weak posts instead of post rotation through soil. The
MGS bridge rail wasuccessfully crash tested the Teat Level 3 TL-3) safety performance

standards of th®lanual for Assessing Safety Hardw#k&ASH) [9].
1
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Since the MGS bridge rail posts wanstalled in rigid sleeves, it gdelieval that the
MGS Bridge Rail could be adaptefor use in guardrail applications where mow stssilarly
restrict the movement of the posts bekbwgroundline Ideally, this applicationvould eliminate
the need foteaveouts aroundyuardrailpostsinstalled in unyielding pavements. Additionally
the use of sockets would minimize costs and labor time during installation and repairs to
damaged posts.
1.2 Objective

The objective of thisesearch effontvas to adapt theveakpost MGS bridge rail for use
in mow strips and other pavements. Ideally, 8teel guardrailsystemcomponents wuld
withstandthe impactloads and dissipate enough energyledave the mav strip undamaged.
Thus, systemrepairs would require only the removal and replacement of damaged barrier
components (posts and rail segment$e new guardraisystemwas tobe evaluatedccording
to MASH TL-3 safety performance criteria
1.3 Research Approach

The project was completada a series of tasks. First, a reviewrofiltiple Departments
of Transportation IOTs) standards was conducted tetefmine typical mow strip widths,
thicknesses, and materials (concrete or asphalt)taasdlecta critical mow strip configuration
for testing. Next, dynamic component testing veasductedto evaluate pavement damage
resulting from impacts into postsittv various socket configurationBased on the component
testing results a design configuration was selected and-dodile crash testedccordingto
MASH TL-3 conditions Finally, conclusions and recommendations were formed concerning the

final system dsign and installation practices.
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2 REVIEW OF MOW STRIP STANDARDS AND PRACTICES
Before the MGS bridge rail could be adapted for use in mow strips, it was vital to identify
the mow strip configurations currently being install€d. specific importance to this project
were the thickness widths, and pavement matersadf typical mow grip installations as these
characteristics determine the strength of a mow stherefore, a review was conducted on the
mow stripstandard from the various members of the Midwest States Pooled Puogram The

results of this review are summarizediablel.

Tablel. Typical Mow Strip Configurations of Pooled Fund Mensher

Typical Mow Strip Configuration
State DOT

Material Thickness Width

Wisconsin Asphalt 4in. 4 ft

South Dakota Asphalt >4 in. 4 ft

lowa Asphalt 4in. 4 ft

Wyoming Asphalt 41in. 3 ft
New Jersey Asphalt 4i6in. >2 ft

Missouri Asphalt 3i4in. 4 ft

Nebraska Asphalt 4in. 4 ft

llinois Concrete 41in. 4 ft

Asphalt 41in. 4 ft

Ohio Concrete 41in. 4 ft

Asphalt 3i4in. 4 ft

Kansas Concrete 4in. 4 ft
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Fromtheten State Departments ofransportatio(DOTS) that participated in the review,
nine installed asphalt mow strips, while three installed concrete mow strips (two states used
both). Thicknesses were reported betweeto 8 in. (76to 152 mm),although 4 in. (102 mm)
was the most commonly utilized thickness. Typical mow strip widths wergistently reported
as 4 ft (1.2 m)with only two states allowing narrower mow strips.

The results of this review indicated that-&n4(102mm) thick, 4ft (1.2-m) wide asphalt
mow strip was the most commonly utilized configuration. Therefoveas desired for theveak
post guardrail systeit@ be compatible witld-in. (102mm) thick, 4ft (1.2-m) wide asphalt mow
strips. However,through discussions with the project sponsother mow strip configurations
would be acceptable if stronger mow strhpare necessary to prevent damags.such the use
of asphalt ticknesses up to 6 in. (152 mmhdor the use otoncrete as the pavement material
were also options for the mow strip design. Dynamic component testing woatthteced to
evaluate the mow 8p configurations and determine the required strength to prevent pavement

damage.
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3 COMPONENT TESTING CONDITIONS

3.1 Purpose

One of the objectives for the new guardrail system was to prevent damage to the mow
strip, thereby minimizing repair time and costs. As suthwas important to quantify the
expected level of damage that various mow strip configurations would incur while supporting
S3x5.7 (S76x8.5) guardrail posts. Dynamic component testingovakicedto evaluatevarious
mow strips and aidn the selectiomf the final system design configuration.
3.2 Scope

Dynamic component testing was conducted with a bogie vehicle impacting an S3x5.7
(S76x8.5) post installed within concrete and asphalt mow strips of various widths. Additionally,
some of the tests utilizedestl sockets of varying depths to support the posts. Altogether, 11
component tests were conducteder three rounds of component testing. The tests were
conductedon an iterative basis in order to determine the minimum size and strength of a mow
strip to pevent damage during vehicle impacts to the wmadt guardrail system.
3.3 Equipment and Instrumentation

Equipment and instrumentation utilized to collect and record data during the dynamic
bogie tests included a bogiehicle accelerometesy aretroreflectve speed traphigh-speed and
standarespeed digital video, and still cameras.

3.3.1Bogie Vehicle

A rigid-frame bogie was used to impact the poAtvariableheight, detachable impact
head was used in the testifidhe bogie head was constructed?é%in. x 2%2in. (64-mm x 64
mm), %16-in. (8-mm) thick square steel tubing, with-i#, (19-mm) neoprene belting attached to
the front of theheadto prevent local damage to the post from the impBuwoe. impact head was

bolted to the bogie vehicle, creating a rigidnfia with an impact height df2 in. (305 mm),
6



October 12015
MwRSF Report NoTRP-03-32215

which was selected to simulate the bumper height of a smalllwaibogie with the impact head
is shown inFigure 3. The weight of the bogie with the addition of the mountable impact head

and accelerometergasapproximatelyl,800 Ib (820 kQ).

MwRSHE BOGIE3N -~

Figure3. Rigid-FrameBogie on Guidance Track

The tests were conducted using a steel corrugated ¢peardrail to guide the tire of the
bogie vehicleA pickup truck was used tauphthe bogie vehicle to the required impact velacity
After reaching the target velocjtthe push vehicle brakedllowing the bogie tde freerolling
as it came off the tracld remote braking system was installed on the hagllewing it to be
brought safely to rest after the test.

3.3.2Accelerometess

During each component test, aocelerometer system was mounted on the bogie vehicle
near its center of gravity to measuaseceleration in the longitudinal, lateral, and vertical
directions However, only the longitudinal acceleration was processed and repdited.
electronic accelerometer data obtained in dynamic testing was filtered using the SAE Class 60

and the SAE Clas$80 Butterworth filtes conforming to SAE J211/1 specifications)]. Four
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different accelerometer systems were utilized throughout the component testingnpiajvke

2 contains a breakdown of the accelerometers utilized during each component test.

Table2. Accelerometers Utilized during Each Comporibest

Round of Test No Accelerometers
Testing ' SLICE-1 SLICE-2 DTS
MS-1
MS-2
MS-3
MS-4
MS-5 X
MSSPR1
2 MSSR2
MSSR3
MSSR4
MSSR5
MSSR6

XX X|X

0
><><><><><;.U
w

XXX X[ XX

The first two systems, th8LICE-1 and SLICE2 units, weremodular data acquisition
systems manufactured IBjiversified Technical Systems, InDTS) of Seal Beach, California.
The acceleration sensors were mourtesttle the bodies of custehuilt SLICE 6DX event data
recordersand recorded data at 10,000 Hz to the onboard microprocessor. Each @XOkas
configured with 7GBofnow ol at i |l e fl ash memory, a range of
Hz, anda 1,650 Hz (CFC 1000) ardiiasing filter. The A SLI CEWar didarec o mp u't
program and a customized Microsoft Excel worksheet were used to analyze and plot the
accelerometer data.

The third accelerometer system was a-bmm piezoresistive accelerometer system
manufactured by Endevco of San Juan Capistrano, Californiae Betcelerometers were used to
measure each of the longitudinal, lateral, and vertical accelerations indeperdentbample

rate of 10,000 Hz. The accelerometers were configured and controlled using a system developed



October 12015
MwRSF Report NoTRP-03-322-15

and manufactured by DTS. More sfiieally, data was collected using a DTS Sensor Input
Module (SIM), Model TDASSSIM-16M. The SIM was configured with 16 MB SRAM and
eightsensor input channels with 250 kB SRAM/channel. The SIM was mounted on a TRAS3
module rack. The module rack was figared with isolated power/event/communications,
10BaseT Ethernet and RS232 communication, and an internal backup battery. Both the SIM and
modul e rack were crashworthy. The ADTS TDAS
customized Microsoft Excel whsheet were used to analyze and plot the accelerometer data.

The fourth system, Model EDR, wasa triaxial piezoresistive accelerometer system
manufactured bynstrumented System Technolod$T) of Okemos, Michigan. The EDR was
configured with 256 kb f RAM, a range of N200 gés, a samp
low-pass filter. The @A Dy na M4y corhputgr Bdftware program and a customized
Microsoft Excel worksheet were used to analyze and plot the accelerometer data.

At the time of testig, the EDR3 transducer was not calibrated to ISO 17025 standards
due to the lack of an ISO 17025 calibration laboratory with the capabilities of calibrating the
unit. However, the EDR was calibrated by IST, which provided traceable documentation for
the calibration. MWRSF also recognizes that the ED&oes not satisfy the 10,000 Hz sample
frequency recommended by MASH. Following numerous test comparisons, th& BBRbeen
shown to provide equivalent results to the DTS unit, which does satisfy MAfacand has
ISO 17025 calibration traceability. Therefore, MWRSF has continued to use the3 EBRa
backup device during physical impact testing.

3.3.3Retroreflective Optic Speed Trap

The retroreflective optic speed trap was used terdene the speed of the bogie vehicle
before impact Threeretroreflective targetsspaced aapproximately 18n. (457#mm) intervals

were applied to the side of the vehicle. When the emitted beam of light was reflected by the
9
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targets and returned to tRgmitter/Receiver, a signal was sent to the data acquisition computer,
recordingat 10,000 Hz, awell as the external LED boactivating the LED flashe§he speed
was then calculated using the spacing betweenetinereflective targetand the time beteen
the signalsLED lights and higkspeed digital video analysis are only used as a backup in the
event that vehicle speeds cannot be determined from the electronic data.

3.3.4Digital Photography

At a minimum, me AOS high-speeddigital video cameraone GoPro digital video
camera andone JVC digital cameravere used to document each tegte AOS high-speed
camera had a frame rate of 500 frames per set¢badsoProvideo camera had a frame rate of
120 frames per secondnd the JVC digital video camera hadftame rate of 29.97 frames per
second The cameras werégypically placed laterally from the post, with a view perpendicular to
t he bogi eds dA NkencDE0 digialstdl Eamera waasised to document prand
posttest conditiongor all teds.
3.4End of Test Determination

When the impact head initially contaced the test article the force exerted by the
surrogate test vehicleas directly perpendiculaHowever, a the post rotad, the surrogate test
vehicl ebds or i e ndtfagherfrormpergendctulapTaid imtrodond twe sources of
error: (1) the contact force between the impact head and the pbatJeatical component and
(2) the impact headlid upward along théest article Therefore only the initial portion of the
accekrometer traces typically used since variations in the data lmece significant as the
system rotates and the surrogate test vehicle overrides the sgslditionally, guidelines were
established to define the epfttest time usinghe highspeed videmf the impact The first
occurrence oéitherof the following eventsvas used to determine the end of the {@3tthe test

article fracture®r (2) the surrogate vehicle overriddsesescontact with the test article
10



October 12015
MwRSF Report NoTRP-03-322-15

3.5 Data Processing

The electronic acéerometer databtained in dynamic testingas filtered using the SAE
Class 60 Butterworth filter conforming to the SAE J211/1 specificatj@afs The pertinent
acceleration signal was extracted from the bulk of the data sigrasprocessed acceleration
data was then multiplied by the mass of the b
Law. Next, the acceleration trace was integratedno the chage in velocity verssitime Initial
velocity of the bogie, calculated frothe speed tragata, was then used to determine the bogie
vel ocity, and the calculated velocityThisrace w
displacementvas also tle displacemendf the post Combining the previous results, a fore
deflection curve was plotted for each tdsnally, integration of the forces. deflection curve

provided the energys. deflectiorcurve for each test.

11
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4 COMPONENT TESTING T ROUND 1

4.1 Purpose

The original MGS bridge rail system utilizedrl x 4-in. (102mm x 102mm) steel tube
socketsto supportthe S3x5.7 (S76x8.5) posts to the bridge d@t¢le sockets were designed to
be rigid and prevent movement of the posts bealoswgroundline during impactddowever, it
was unclear if sockets would be necessary for these posts installedw strigs, as the
concrete/asphalt may have enough strength to prevent movement of the gustg@indline.
To explore this possibility, Rowl 1 of component testing was conducted to evaluate the damage
associated with both asphalt and concrete mow strips without sockets.
4.2 Scope

Round 1 of component testing consisted of four tests on S3x5.7 (S76x8.5) posts installed
within variousmow stripswithout sockets, as shown in Figurethrough6. Test nos. MSL and
MS-3 were conducted with the posts installed with-@.4(102mm) thick concrete mow strip,
test no. MS2 was conducted with a-ih. (102mm) thick asphih mow strip, and testo. MS4
was conducted with a-i®. (152mm) thick asphaltmow strip. For Test MS1, the post was
installed through &-in. x 4-in. (102mm x 102mm) leaveout formed in the concrete during
casting of the mow stripwhile the post fo MS-3 was installed through 4-in. (102mm)
diameter hole cored in the concreléhe posts for M and MS4 were driven through the
asphalt and into the ground without any holes or leaite in the pavemenAll mow strips were
4 ft (1.2 m) wideand he posts were installedthe center of the mow strip width.

The unreinforcedconcrete mow strip was constructé@m a concrete mix with a
compressive strength of 4,000 psi (28 MPa). The asphalt mow strip was constructed from a 52
34 grade binder typidlgt utilized in highway shoulder construction in Nebraska. The S3x5.7

(S76x8.5)posts weralesignated a836 steel.However, the posts were fabricated from a 50 ksi
12



October 12015
MwRSF Report NoTRP-03-322-15

(345 MPa) steel that also satisfied A992 requirements. This increased strength resuitemen
critical evaluation of the mow stripMaterial specifications, mill certifications, and certificates
of conformity for the installation materials are show\ppendix A

The bogie vehicle impacted the poatsa height of 12 in. (305 mmd,targeed impact
speed of 20 mph3@ km/h) and an angle of 90 degreg¢Buscausing stron@xis bending. This
impact condition was selected to provide a critically Higdad to the post and the supporting
mow strip. The same impact conditions were used previously when evaluating the adaptation of
the MGS bridge rail for use on culvert headw@ll]. The complete test matrix for Round 1 of

component testing is shownTable3.

Table3. Component Testing Matrix, Round 1

Mow Strip Impact | Impact | | .
Test Thickness.  Width Installation Ht_—:'ight Speed Anpgle
No. Material in. ft Hole in. mph Doy,
(mm) (m) (mm) (km/h)
4 4 . . 12 20 R
MS-1 | Concrete (102) (1.2) 40 di (305) (32) 90
4 4 12 20 )
MS-2 | Asphalt (102) (1.2) NA (305) (32) 90
4 4 40 x4 12 20 )
MS-3 | Concrete (102) (1.2) leaveout (305) (32) 90
° 4 12 20 .

13
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adjacent 4" [1219] sides. Midwest Roadside hisord
(5) Soil beneath mow strips must be well compacted. (No specific soil type) Sofety Facility [ we SCALE: 1:42  [REV. BY:
MowStrip_Round1_R3 UNITS: in.[mm]|SKR

Figure4. Testing Mow Strip Configuration€omponent Testing Round 1
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: Pavement Pavemen Bogie »~» | Embedment Depth | Load Height |Impact Speed :
Test No. | Test Qty. [Pavement Material Designator | Thickness "T” Ng. Cutout "C Bt TR P TR A mgh *Ikrr?/h] Impact Axis
MS—1 1 Concrete af 4" [102] 3 [15'2%'02] 40 [1016] 12 [305] 20 [32.2] Strong
MS—2 1 Asphalt a2 4" [102] 3 NA 40 [1016] 12 [305] 20 [32.2] Strong
MS—3 1 Concrete at 4” [102] g | o Lzl 40 [1016] 12 [305] 20 [32.2] Strong
MS—4 1 Asphalt a3 6" [152] 3 NA 40 [1016] 12 [305] 20 [32.2] Strong
~a I~
~r~ e W -
Y oy W
C\ J _l. s [}
11 1
= = = i il ] =] = =
L = I |
b ==l
[762] o
| \
L—24”‘l al, aZ, or a
[610]
PLAN VIEW
3 12f a A\
[813] [305] g ]
\\\ //l
‘ \\ ’//
Lo ——J
t,
40"
[1016] ELEVATION VIEW
SHEET:
- Mow Strip Bogie Testing |*°*
— Round 1 SE
/12/
Notes: (1) A minimum of 2’ [610] of soil adjacent to backside of mow strip. b
(2) Posts driven directly through asphalt in Test Nos. MS—2 and MS—4. ) . Testing Setup Z:?;':E:Y:
(3) Posts shall be installed greater than 3” [76] from the edge of pavement Midwest Rochsnde W TANE oA ToeT [REE B
or adjacent post. Sofety FCICI'Ity M;)wsmp' Round1_ R UNWS" ‘n'[mm] SKR‘ -

Figureb. Bogie Testing Matrix and Setu@omponent Testing Round 1
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ltem No.|[ QTY. Description Material Specification
al 1 |10°'x4’x4” [3048x1219x102] Concrete Mow Strip Min. 4000 Psgtr[,fnth MPa] Comp.
3
[76] a2 1 [25'x4’x4” [7620x1219x102] Asphalt Mow Strip 52-34 Grade Binder
‘_lI 5, B/ a3 1 [15'x4’x6” [4572x1219x152] Asphalt Mow Strip 52—-34 Grade Binder
[59] b1 4 |[S3x5.7 [S76x8.5] 72" [1829] Long Line Post ASTM A36
7 [ o
I
I
I
I
I
I
72"
[1829] |8
I
I
I
I
I
i E— R -
SHEET:
Mow Strip Bogie Testing |®°*
Part b1 — Round 1 ATE:
12/12/14
Post Detail e |
. . ost Detai
Midwest Roadside OWPJEK
SOfety FGCIllty DWG. NAME. SCALE: 1:16 |REV. BY:
MowStrip_Round1_R3 UNITS: in.[mm]|SKR

Figure6. Post Details and Bill of Materigl€omponent Testing Round 1
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4.3 Results

Through component testing, the perfomoa of each mow strip configuration was
evaluated in terms of both structural integrity aesistance force. Mow strips would be deemed
adequate if no damage was sustained during the impact event, allowing quick and easy repair
the system. Additionallyaccelerometer data for each test was processed to obtain acceleration,
velocity, and deflection data, as well as foxse deflection and energys. deflection curves.
Although the individual transducers produced similar restlits,values described herein were
calculated from th&LICE data curves in order to provideeommon basis for comparing results
from multiple testsTest resultgor all transducerare provided ilAppendix B

4.3.1Test No. MS1

Test no. MS1 was conducted on July 17, 2013 at approximately 11:00 a.m. The weather
conditions, per the National Oceanic and Atmosphere Administration (station 14939/LNK), were

reported and arshown inTable4.

Table4. Weather Conditions, Test No. MIS

Temperature 88° F
Humidity 47%
Wind Speed 9 mph
Wind Direction 210° FromTrue North
Sky Conditions Sunny
Visibility 10 Statute Miles
Pavement Surface Dry
Previous 3Day Precipitation 0.0in.
Previous/-Day Precipitation 0.0 in.

During testno. MS1, the bogie impaatd the S3x5.7(S76x8.5) steepost at a speed of
19.7mph (317 km/h) and an angle of 90 degrees, causitrgngaxis bending in the posBy
0.008 sec afteimpact, a plastic hingeadformed in the posat groundline The postcontinued

to berd backward until the bogikeadoverrode the top of the pa3tl2l sec after impact

17
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Forcevs. deflectionand energys. deflectioncurves were creted from the accelerometer
dataand are shown ifrigure 7. Upon impact the resistace force increasedpidly to a peak
force of 14.5 kips (64.5 kNat a displacement of 1.1 in. (28 mnihe force remained above 10
kips (45 kN) for the next 5 in. (127 mm) of displacement. By 0.030as&ta displacement of 10
in. (254 mm) the bogiehead was sliding up the post as it bent pwesulting in a reduction of
force Subsequently, the resistance force oscillated below 8.5Xp8KN) until the bogie head
overrode the post at a displacement of 34.0 in. (864 wtrihis deflection122.5k-in. (13.8kJ)
of energywas dissipated

Damage to the test article consisted of plastic bending of the pth& grioundline and
minimal surface spalling at the back edge of the concrete fbke spalling wasess than % in.
(6 mm) deep and crackingwas not evident. The post was removed without causing further
damage Thus a new post could be installed without repdosthe concreteTime-sequential

photographs andre- andpostimpact photographs are shown in FiguBesd9, respectively.

Test No. MSL
20 160
15 1 120
\-/V
/\/-
\ /"\_/ —Force
10 — Energy 80 z

Force (kips)

[6)]

N
—

&

Energy (kin.)

0 \ AN
VUV VW

-5 -40
0 5 10 15 20 25 30 35
Deflection (in.)

Figure7. Force vs. Deflection and Energy Beflection Test NoMS-1
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Figure8. Time-SequentiaPhotographs, Te$to. MS-1
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Figure9. Pre andPostimpactPhotographs, Tedo. MS-1
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4.3.2Test No. MS2
Test no. MS2 was conducted on July 17, 2013 at approximately 12:00 p.m. The weather
conditions, per the National Oceanic and Atmosphere Administration (station 14939/LNK), were

reported and are shown Trableb.

Table5. Weather Conditions, Test No. MS

Temperature 90° F
Humidity 42%
Wind Speed 9 mph
Wind Direction 210° From True North
Sky Conditions Sunny
Visibility 10 Statute Miles
Pavement Surface Dry
Previous 3Day Precipitation 0.0 in.
Previous/-Day Precipitation 0.0 in.

During testno. MS2, the bogie impaatd the S3x5.7(S76x8.5) steepost at a speed of
19.4mph (312 km/h) and an angle of 90 degrees, causitrgngaxis bending inthe post. By
0.006 secafter impact, a plastic hingkad formed in the post athe groundline. The post
continued to bend backward until the bogie head overrode the top of the p@&séclafter
impact.

Force vsdeflectionand energy vs. dlection curves were created from the accelerometer
data and are shown Figure10. Upon impact, the resistance force increasgudly to a peak
force of12.1kips (63.8 kN) at a displacement of&.in. (46 mm). The force remained above 10
kips (45 kN) througha displacement of 9.i8. (249mm). At 0.0 sec and a displacement of 10
in. (254 mm), the bogie head was sliding up the post as it bentregeiting in aeduction of

force Subsequently, the resistance force oscillated béléyps (222 kN) until the bogie head

21
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overrode the post at a displacement of 34.0 in. (864 mm). At this defleLBdr2k-in. (15.2kJ)
of energywas dissipated

Damage to the testrticle consisted of plastic bending of the posthatgroundline and
displacement and spalling of the asphalie postdisplacedbackward apmximately 2.5 in. (8
mm) into the asphalt mow strigvhich caugd displacement and spalling of the asphaltmi@eal
of the post caued further spalling and cracking to the asph@ime-sequential photographs and

pre- andpostimpact photographs are shown in Figutésandl12, respectively.

Test No. M&
20 160

15 120

v x\/ =11,
0 \/k\/\/\/v\/ \ Ao 0

\/

—Force

</

Force (kips)
Energy (kin.)

5 -40
0 5 10 15 20 25 30 35
Deflection (in.)

FigurelO. Force vs. Deflection and Energy Beflection Test NoMS-2
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Figurell Time-SequentiaPhotographs, Te®to. MS-2
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Figurel2 Pre andPostimpactPhotographs, Te$to. MS-2
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4.3.3Test No. MS3
Test no. MS3 was conducted on July 31, 2013 at approximately 1:00 p.m. The weather
conditions, per the National Oceanic and Atmosphere Administration (station 14939/LNK), were

repored and are shown ifable6.

Table6. Weather Conditions, Test No. M&S

Temperature 85° F
Humidity 51%
Wind Speed 7 mph
Wind Direction 030 From True North
Sky Conditions Cloudy
Visibility 10 Statute Miles
Pavement Surface Dry
Previous 3Day Precipitation 0.72in.
Previous/-Day Precipitation 0.72in.

During testno. MS 3, the bogie impaatd the S3x5.7(S76x8.5) steepost at a speed of
20.8 mph (3% km/h) and an angle of 90 degrees, causitrgngaxis bending in the post. By
0.006 secafter impact, a plastic hingkad formed in the post athe groundline. The post
continued to bend backward until the bogie headroder the top of the post 0.109 sec after
impact.

Force vsdeflectionand energy vs. deflectiaurves were created from the accelerometer
data and are shown Kigure13. Upon impact, the resistance force increasgidly to peals of
13.9kips 618 kN) and 14.7 kips (65.4 kN) at displacements of 1.2 in. (30 mm) and 6.9 in. (175
mm), respectivelyAt 0.030 sec and a displacement of 10 in. (254 mm), the bogie head was
sliding up the post as it bent oyeesuling in a reduction of forceSubsequently, the resistance
force oscillated belov kips (26.7 kN) until the bogie head overrode the post at a displacement

of 32.3in. (820mm). At this deflection132.8 kin. (15.0 kJ) of energyvas dissipated
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Damage to the test article consisted of plastic bending of the pth& grioundline and
some surface spalling at the back edge of the concrete hole. However, the spalling was less than
Y4 in. (6 mm) deep, and cracking wast evident.The post was removed without causing further
damage,so a new post could be installed without repdiosthe concreteTime-sequential

photographs angre- andpostimpact photographs are shown in Figutdsand15, respectively.

Test No. MS3
20 160
L
——/-/—
15 /~,/ 120
/&_—/
/\/ / —Force
10 / 80 ~
Bz \ —Energy c
=3 =3
é >
8 \ o
2 5 / A\ 40
° (V4 V \/\/\\.,/\/\ % 0
-5 -40
0 5 10 15 20 25 30 35
Deflection (in.)

Figurel3. Force vs. Deflection and Energy Beflection Test NoMS-3
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Figurel4. Time-SequentiaPhotographs, Te®to. MS-3
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Figurel5. Pre andPostimpactPhdographs, Tedtlo. MS-3
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4.3.4Test No. MS4
Test no. M&4 was conducted on JuB4, 2013 at approximateB:00 p.m. The weather
conditions, per the National Oceanic and Atmosphere Administration (station 14939/LNK), were

reported and arghown inTable7.

Table7. Weather Conditions, Test No. MBS

Temperature 85° F
Humidity 49%
Wind Speed 5 mph
Wind Direction 280° From TrueNorth
Sky Conditions Cloudy
Visibility 10 Statute Miles
Pavement Surface Dry
Previous 3Day Precipitation 0.72in.
Previous/-Day Precipitation 0.72in.

During testno. MS4, the bogie impaatd the S3x5.7(S76x8.5) steepost at a speed of
23.8 mph(38.3 km/h) and an angle of 90 degrees, causitrgngaxis bending in the post. By
0.0 sec after impact, a plastic hindgead formed in the post athe groundline. The post
continued to bend backward until the bogie head overrode the top of the @f#&sis6c after
impact.

Force vsdeflectionand energy vs. deflectiaurves were created from the accelerometer
data and are shown Kigure16. Upon impact, the réstance force increased rapidly t8.9kips
(618 kN) at a displacement of 1.8 in. (46 mm). The force remained ad&iwes 35kN) until
reachinga peak force of 14.2 kips (63.2 kN) atdasplacement ol1.5 in. (292 mm)At 0.028
sec and a displacemeriti® in. (305mm), the bogie head was sliding up the post as it bent over,

resulting in a reduction of force. Subsequently, the resistance force oscillated belowZ2 Rps (
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kN) until the bogie head overrode the post at a displacemed1l.dfin. (798 mm) At this
deflection,155.2 kin. (17.5 kJ) of energwas dissipated

Damage to the test article consisted of plastic bending of the pth& gtountine and
displacement and spalling of the asphalt. The trasislatecbackward apmximately 2in. (51
mm) into the asphalt mow strigvhich caugd displacement and spalling of the asphalt. Removal
of the post caused further spalling and crackimghe asphaltTime-sequential photographs and

pre- andpostimpact photographs are shown in Figut@andl18, respectively.

Test No. 4
20 160
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15 ] 120
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5 -40
0 5 10 15 20 25 30 35
Deflection (in.)

Figurel6. Force vs. Deflection and Energy Beflection Test NoMS-4
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0.060 sec

Figurel?. Time-SequentiaPhotographs, Te$to. MS-4
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Figurel8. Pre andPostimpactPhotographs, Te$o. MS-4
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4.4 Discussion
The results from Round 1 of dynamic component testing are summariZedtlaB, and
force vs. displacement and energy vs. displacement comparisons for all four tests are shown in
Figures19 and 20, respectively.The results from these four tests were similar in terms of
resistance fices, absorbed energy, and post behas®a plastic hinge formed in thegp atthe
groundline during each test. However, the damage sustained by the mow strips was dependent
upon the mow strip material. The concrete mow strips remained intasuataed only minor
spalling along the back edgef the post holes. Both post hole types, theid. x 4in. (102mm x
102-mm) leaveout and the 4n. (102mm) diameter cored hole, performed similarly, agplairs
to the concrete mow strip would not be necasdaringreplacement of damaged system posts.
Damage to the asphalt mow strips was more promitmamt the concrete mow stripess
the postdranslatedoackwardat least 2 in. (51 mmthrough both the 4n. and 6in. (102mm
and 152mm) thick asphalt mowstrips. This displacement caudsspalling and crackinghat
would likely require repairs after impact evenEurther asphalt damage occurred when the
damaged posts were removed. Therefore, asphalt mow steémssusceptible to permanent
damagevhenguadrail posts wererivendirectly into the pavement.
The resistance forces recorded during all four of these tests were very, siitiigreak
forces between 12 and 15 kips (53 and 67 Kdditionally, significant drops in force between 9
and 12 in. (22%nd 305 mm) of displacement correlated to the times when the bogie head began
to slideup the posts as they bent over. As a result, the energy absorbed during thadesty
similar, especially over the first 1@ 15 in. (254to 381 mm) of deflection. Only small
differences in forces could be seen between the concrete and asphalt mow strips. The concrete
mow strips tended to be slightly stiffexs they created higher initial peaks through the first 7 in.

(178 mm) of displacement his behaviormay be a result of the podisnslatingthrough the
33
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asphalt mow strips duringhe first parts of test nos. M& and MS4, while the concrete
prevented post translationtae groundline in test nos. M$ and MS3.

From these results, aid. (102mm) thick unreinforce@¢oncretemow strip washown to
be strong enough to support the guardrail posts without sustaining significant damage during
impacts. Unfortunately, asphalt mow strips up to 6 in. (152 nimck proved to weak to
prevent darage and would require repairs. Thddition of some type of loadlistribution
mechanism may be necessary to prevent darfnageoccurringto asphalt mow strips. This idea

was explored in Round 2 of bogie testing.
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Table8. Results Summargomponent Testing Round 1

. Average Force Total
Mow Strip Impact Impact Peak kips (kN) Energy
Test . Velocity Force :
No. Thickness| Angle mph Kips Absorbed | Mow Strip Damage
Material in. deg. @ 10 @15¢ kidin.
(km/h) (kN)
(mm) (kJ)
Concrete 4 19.8 14.5 9.3 6.8 122.5 . .
MS1 140 Bole (102) 90 (31.9) | (645) | (41.4) | (30.2) | (13.8) Minor spalling
Displacement
4 194 12.1 9.5 7.7 134.2 : ’
MS-2 Asphalt 90 spalling, and
(102) (31.2) (53.8) (42.3) (34.3) (15.2) cracking
Concrete 4 20.8 14.7 10.0 7.2 132.8 . .
MS3 1 4oxa0| (102 0 | @35) | 654) | (445) | (320) | (15.0) Minor spalling
Displacement
6 23.8 14.2 9.7 8.4 155.2 ; ’
MS-4 1 Asphalt | 155 0 | @83 | 632 | (431) | (374) | @17.5) Spggggh Z”d

*All tests conducted by impacting S3x5.7 (S76x8.5) postshaight of 12 in. (305 mm).
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Force (kips)
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Force vs. Deflection
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Figurel9. Force vs. Deflection Comparisadbpmponent TestingRound 1
Energy vs. Deflection
180
160
140
%:_f-——r——""'
120 e §\/ -
= 100 ;,\-/,
=
> /
S g0 7
Q
c
w —MS-1
--- MS-2
—MS-3
MS-4
10 15 20 25 30 35
Deflection (in.)

Figure20. Energy vs. Deflection Comparisadbpmponent TestingRound 1
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5 COMPONENT TESTING T ROUND 2, SOCKETED POSTS

5.1 Purpose

From the first round of dynamic component testing, it was determined that asphalt
pavements were not strong enough to supgaven S3x5.7 (S76x8.5) guardrail posts without
sustaining damage during impact events. The impact load needed to be distributed over a larger
area of the asphalt to prevent the post frobanslating androtating through the asphalt.
Therefore, Round 2 of dynamamponent testing was conducted to evaluate the use of steel
sockes orsleeveswith and withoutshear plates within asphalt mow strips to prevent pavement
damage.
5.2 Scope

Round 2 of component testing consisted of five tests conducted on S3x5.7 (S76x85) pos
installed within 4in. (102mm) thick asphalt mow stripgs shown in Figure®l through24. In
all five tests, &el sockets measuringid. x 4in. X ¥%in. (102mm x 102mm x 6 mm) were
utilized to house the guardrail posts and distribute the load. Indae¥ISSR1 through MSSP
4, a steel shear plate was welded to the backside of the socket to further distribute the impact
load. The test article in test no. M did not utilize a shear plate on the socRéte length, or
embedment depth, of the socket variemtighout the testing matrix to evaluate the minimum
depth required to prevent damage. All tests were condwitedan impact height of 12 in. (305
mm) and a targetlimpact speed of 20 mph (32 km/h). Four of the tests were conducted with
impact angles 080 degrees causing streagis bending, whiléest no MSSR2 was conducted
ata 0 degree impact angle to evaluate longitudinal imgacetakaxis bending}o the post and
socket assembly. The complete test matrix for R@icaimponent testing is shownTiable9.

The same 4n. (102mm) asphalt pad from the first round of component testing was

utilized during Round 2 of component testifidne S3x5.7 (S76x8.5) posts wedesignated as
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A36 steel. However, the posts were fabricated fronkbQ345MPa) steel that also satisfied
A992 requirements. This increased strength resulted in a more critical evaluation of the mow
strips. The sockets wertabricated fromA500 Grade Bsteel, and the plates were cut from A572
Grade 50 steel. Material specifications, mill certifications, and certificates of conformity for the
installation materials are shownAppendix A

All of the sockets were installed by driving them into the asphalt mow strip. Initially, the
sockets wergust caped with a flat plateat the bottom. However, when this configuration was
driven irto the mow strip, it punched a hole larger than the socket into the aspiiadequently,
two steel plates were welded to the base of the socket to form a triangular Wedgeh an
experimentation process, the wedge plates showhRigare 23 were developed to prevent
damage to the asphalt and provide a tight fit around the sddkstdesign allowed the socket to
be driven into place with minimal damagette asphal and provided a tight fit betvea the
asphalt and the sockd@theasphalt damage corresponding to botiealgeshaped basanda flat

base are illustrated iigure25.

Table9. Component Testing Matrix, Round 2

Mow Strip Socket LPOSth Impact Impact
Test No Thickness| Width | Depth | L€n9th 1 shear | Speed Angle
| Material in. ft In. n. Plate mph deg.
(mm) (m) (mm) (mm) (km/h)

4 4 30 62 20 .

MS-S | Asphalt| 102y | (1.2) | (762) | w575 N° 3 | X
4 4 30 62 20 .

MSSR1 | Asphalt (102) (1.2) (762) (1,575) Yes (32) 90
4 4 30 62 20 .

MSSR2 | Asphalt (102) (1.2) (762) (1,575) Yes (32) 0
4 4 20 52 20 .

MSSR3 | Asphalt (102) (1.2) (508) (1.321) Yes (32) 90
4 4 24 56 20 -

MSSR4 [ Asphalt| 105y | 12) | (610) | @422)| Y& | @32) | ©

38



6€

5 25'_0"

Notes: (1) Al posts for future testin% shall be installed 5° [1524] from
adjacent/previous posts. (First post 2.5’ from end)

(2) Al posts to be installed down centerline of mow strip.
(3) A minimum of 2’ [610] of soil adjacent to backside of mow strips.

(4) Soil beneath mow strips must be well compacted. (No specific soil type)

| [7620] =
PLr
[1219]
PLAN VIEW
ASPHALT
Part a2

“ I“[1462]

Midwest Roadside
Safety Facility

SHEET:

Mow Strip Bogie Testing | °*
— Roun 2 DATE:
2/6/2015
DRAWN BY:
Mow Strip Details JEK
DWG. NAME. SCALE: 1:42 REV. BY:
MowStrip_Round2_R2 UNITS: in.[mm] KAL/SKR

Figure21. Mow Strip ConfigurationComponent Testing Rouriti
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Bogie Socket Depth "D”[ Post Length "L Load Height [Impact Speed
Test No. | Test Qty. Ng. Socket in: mpm in. r'r(ﬁ]m] Shear Plate o TR p T p/] Impact Angle
1A = = .
MS-5 1 3 [102x102x6] 30" [762] 62" [1575] NA 12 [305] 20 [32.2] 90
4"x4"x1 /4" ” » 10"x9"x1/4” .
MSSP-1 1 3 [102x102x6] 30" [762] 62" [1575] [254x229x 12 [305] 20 [32.2] 90
a1 /4 - - 107x9°x1 /4" -
MSSP-2 1 ) [102x10 x6] 30" [762] 62" [1575] [254x229/6] 12 [305] 20 [32.2] 0
47%47x1 /4" " ” 10"x9"x1/4” .
MSSP-3 1 3 [102><1O x6] 20" [508] 52" [1321] [254x229x6] 12 [305] 20 [32.2] 90
a1 /4 - - 0 5 -
MSSP-4 1 3 [102x102x6] 24" [610] 56" [1422] [254x22¥6 12 [305] 20 [32.2] 90
\‘\\// “~\\\\J/ S
gt — oipe
— (
- = i 2l ] | n =
= | |
— |
30” 1 = albs
[762] — =g
N
L_ 24" 92
[610]~1 PLAN VIEW
127
[305] |
C J ‘
I . T«
[102]
| ELEVATION VIEW
vV
SHEET:
Mow Strip Bogie Testing |*°*
— Round 2 DATE:
’ 2/6/2015
Notes: (1) A minimum of 2’ [610] of soil adjacent to backside of mow strip.
(2) Sockets driven directly through asphalt. Posts inserted into sockets. Testing Set penilint
- o g >Setup JEK
Midwest Roadside
Sofety FOClllty DWG. NAME. SCALE: 1:36 [REV. BY:
MowStrip_Round2_R2 UNITS: in.[mm]|KAL/SKR

Figure22. Bogie Testing Matrix and Setu@omponent Testing Rourd
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Figure23. Post Socket Detail€omponent Testing Round 2
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