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1INTRODUCTION

1.1 Background

Portable concrete barrierBCB9 are often used in applications where it is desired that
their deflection during vehicular impacts be limited. Fs@ading PCB systems develop their
redirective capacity through a combination of various forces and mechanisms, including inertial
resistance developed by the acceleration of several barrier segments, lateral friction loads, and the
tensile loads developedoin the mass and friction of the barrier segments upstream and
dowrstream fronthe impacted regiorCrash testing was performed in accordance with Test Level
3 (TL-3) impact safety standards published inMenual for Assessing Safety Hardware, Second
Edition (MASH 2016)[1] uponfree-standing Fshape PCBthatareused in many of the Midwest
Pooled Fund statesxdhave demonstrated dynamic deflections in excess of 6.6 ft (2[@Jmfror
many installations, this deflection is undesirable. Thereforglaven systems for anchoriiRCB
segments have been designed to limit dynamic barrier deflections and restrain barrier segments.

The Midwest Roadside Safety FaciliiiyRSF) previouslydeveloped and fulscale crash
tested a timlown system for use on concrete bridge decks and Wwehrédesigned -Bhape
temporary concrete barriers, as showRigurel [3]. Thetied own system consi st ec
in. (29-mm) diameter Grade 2 (ASTM A307) threaded rods embedded approximately(2@5n.
mm) into the concrete on the traffic side of each of the redesigrsdthjpe temporary concrete
barriers. The barriers weplaced 1 in(25 mm)away from a concrete bridge deck edge evtip
During full-scale crash testing, the barrier safely redirected th@n3pickup truck with minimal
barrier deflections. The barrier system was determined to be acceptable accortim te3t
safety performance criteria presented National Cooperative Highway Research Program
(NCHRP Report No. 3504].

A related study conducted by MwRSfvestigated the dynamic performance of epoxy
anchors in concreté]. As part of that effort, MWRSF conducted dynamic component testing of
t h e-in(Z28-mm) diameter Grade 2 (ASTM A307) threaded yadth anembedment depth of
5% in. (133 mm was placedn the bolt through tielown meat for concrete road surfacédhe
ultimate shear value obtained during the component testsatersnined to be far greater thizue
nominal shear capacity of the anchor, and the ultimate tension capacity was within one percent of
the nominal tension capacityf the concrete strength in the component tests. Therefore, the
anchorage design witgn5Yin. (133mm)embedment depth uiing Hilti HIT -RE 500SD epoxy
adhesive was <considered an adequaine2%mm)t er nat
diameter rods used in the-il®wn temporary concrete barri@stedunder NCHRP Report No.
350 TL-3 because the tested capacities retrtominal capacities of the anchoragesiusehe
full-scale crash test.

However, the failure in the tension test created significant concrete damage. This concrete
damage would be expected to occur to the bridge decks efogla installations duringevere,
high-energy impacts. In addition, the compressive strength of the concrete used in these component
tests may have been higher than the typical strength of concrete bridge decka débusase in
theanchorcapacity would be expected for lowerestgth concrete. This decrease in strength would
likely be offset to some extent by the presence of reinforcing steel in the bridge deck. Thus, it was
believed that using thaSTM A307 rod with Hilti HIT-RE 500 or Hilti HIT-RE 500 SD epoxy
adhesive with &#in. (133 mm)embedment depth should provide similar anchorage to the tested

1
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system, but increased deflection and increased deck damage may result. It was also noted that
epoxy adhesive manufacturer recommendationarfohor installation should be cldgéollowed

to prevent concerntor anchor creep and reductions in anchor capacity. The performance of the
reduced embedment depth anchor usddASH 2016 TL-3 impact conditionsvasunknown.

A tie-down system for asphalt road surfaces was also developed at MWRSF that utilized
three ¥~in. (38&mm) diameter x 38>in. (978mm) long ASTM A36 steel pins with-B. (76-
mm) x 3-in. (76-mm) x ¥>in. (13-mm) ASTM A36 steel caps installed in holes on frant face
of each barrier segment, as showrFigure 2 [6]. The tiedown system was then installed in
combination with sixteen-Bhape barriers on ai@. (51-mm) thick asphalt pad and crash tested
according to NCHRP Report No. 350 test designation+4id.. 3 he results showed that the vehicle
was safely contained and redited, and the test was judged acceptable according to the NCHRP
Report No. 350 criteria. Barrier deflections for the system were reducedlldariers in the
system were safely restrained on the asphalt road surface.

Wisconsin Department of Transpation (WisDOT) currently useswo tie-down
anchorages with -BhapePCBsthat were successfully developed and crash tested according to
NCHRP ReporiNo. 350 TL-3: (1) the bolt through tidown for use on concrete road surfaces
(Figure 1) and (2) the steel pin tiglown for use on asphalt road surfa¢Egyure 2). WisDOT
desires to continue to have access to these twdptian anchorages following the MAS2016
implementation datef December 31, 2019 for longitudinal barrigf®wever, the increasedass
and kinetic energy of the MASBRO09 and 201@est vehicles has been shown to increase impact
loading and dynamic deflection of PCB systgims Thus, a need exi&d to evaluate these two
tie-down anchorages for use withshape PCBs under the MASH 2016 criteria and determine if
the barrier segment and the-tiewn systems have sufficient capacity to constrain barrier motions,
define its dynamideflections, and ensure its safety performance adjacent to verticadffisop

As notedpreviously WisDOT in cooperatiorwith MwRSFevaluated theynamic loading
of epoxy anchor$5]. That research suggested there was potential to apply the bolt threugh tie
down for use on concrete road surfaces with a reduced anchor depth. As such, \Wesib&fo
evaluate the bolt through t@own for use on concrete road swés using the minimal anchor
embedmendepth of 5% in. (133 mjm

1.2 Objective

The objective of thigesearchwas to evaluate thsafety performance ahe WisDOT
F-shape PCB witlboth the bokthrough tie-down anchasge systenfior concrete road surfaces
with a reduced embedment epoxy anchoragéthe steel pin ti@lown anchaage system for
asphalt surface®oth systens wereevaluatedaccording to th@L-3 criteria ofMASH 2016

1.3Scope

The research objective was achieved through the completion of severalQaskfulk
scale crash test was conducteceachF-shape PCB anchoraggstemaccording to MASH 2016
test designation no-B1. Next, the fultscale vehicle crash test results wanalyzed, evaluated,
and documented. Conclusions and recommendations were then made pertaining to the safety
performance of thée-downanchorages for the-shape PCB
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Figurel. Bolt-ThroughTie-Down for FShapePCB
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2 TEST REQUIREMENTS AND EVALUATION CRITERIA

2.1 Test Requirements

Longitudinalbarriers, such aBCBs must satisfy impact safety standards in order to be
declared kgible for federal reimbursement by the Federal Highway Administration (FHWA) for
use on the National Highway System (NHS). For new hardware, these safety standards consist of
the guidelines and procedures published in MAZHG6 [1]. Note that there is no difference
between MASH 2009 and MASH 2016 fmostlongitudinal barrierssuch as thanchored?CB
systens tested in this projectexcept that additional occupambmpartment deformation
measurements are required by MASH 20A6cording toTL-3 of MASH 2016 longitudinal
barrier systemmust be subjected tavo full-scale vehicle crash tests, as summarizédalrie 1.

Tablel. MASH 2016TL-3 Crash Test Conditions fdwongitudinal Barriers

Test Test , Test \\;\?trig:l? gnp(iz[ R Evaluation
Article Desll\glgg.atlon Vehicle Ib ngph A(\jnegle Criteria®
(kg) (km/h) 9
Longitudinal | > 10 1100C (ﬁ%g) (16020) 25 ADFH|
Barrier 311 2270P (g:ggg) (16020) 25 A,D,FH,I

! Evaluation criteria explained ifable2.

Only test no. 311 was deemed critical for evaluation of v tie-down anchorage
systems for $shape PCB hereifest no. 706, found in the Federal Highway Administration
(FHWA) reportnos. FHWARD-93-058 andHWA-RD-93-064andperformed under MASH TL
3 standardshaveindicatedthat safetyshape barriers can s redirect1100Cvehicles.In test
no. 2214NJ1, found in MWRSF report no. TRP3-177-06, MASH testdesignatiomo. 310 was
successfullyconducted on a permanent New Jersey shape concrete parapet under NCHRP Project
22-14(2) [8]. In test report n. 6079111&2, MASH testdesignatiomo.3-10 was also successfully
conducted on a frestanding Fshape PCB similar to the barrier used in this study by the Texas
A&M Transportation Institute (TTI)9]. These two tests indicate that safety shape barriers are
capable of successfully capturing and redirecting the 1100C vehicle in bothstaindeng PCB
and permanent concrete parapet apgibms. Additionally, the increased toe height of New Jersey
shape barrierendsto produce increased vehicle climb and instability as compared teshage
geometry. Thus, one would expect that the anchorgltblpe PCBs evaluated in this study would
perform similarly to these previous MASHLOOC vehiclaests in terms of capture and redirection,
andit wasbelievedthat testdesignationo. 310 with the 1100C vehicle may be deemed-non
critical for evaluation othe tiedown anchorages for uséth F-shape PCBs. MASH 201&st
designatiomo. 311 was themore criticalevaluation testlue to concerns for increased barrier
loading during 2270P impacts, the need to evaluate the barrier restraint systemouatet to
determine dynamic deflection and worg width. Thus, onlytest designation no.-B1 was
conductedn the anchored PCB systems evaludgeein.
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Table2. MASH 2016Evaluation Criteria foLongitudinal Barrier

A. Test article should contain and meatt the vehicle or bring the vehig
to a controlled stop; the vehicle should not penetrate, underrig
override the installation although controlled lateral deflection of
test article is acceptable.

Structural
Adequacy

D. Detached elements, fragmerts other debris from the test artid
should not penetrate or show potential for penetrating the occ
compartment, or present an undue hazard to other traffic, pedeg
or personnel in a work zone. Deformations of, or intrusions intg
occupantcompartment should not exceed limits set forth in Seq
5.2.2 and Appendix E of MASH 2016.

F. The vehicle should remain upright during and after collision.
maximum roll and pitch angles are not to exceed 75 degrees.

H. Occupant Impact VelocitfOIV) (see Appendix A, Section A5.2.2
MASH 2016 for calculation procedure) should satisfy the follow
limits:

Occupant
Risk

Occupant Impact Velocity Limits

Component

Preferred

Maximum

Longitudinal and Lateral

30 ft/s
(9.1 m/s)

40 ft/s
(12.2 m/s)

l. The Occupant Ridedown Acceleration (ORA) (see Appendix
Section A5.2.2 of MASH 2016 for calculation procedure) sh
satisfy the following limits:

Occupant Ridedown Acceleration Limits

Component Preferred Maximum
Longitudinal and Lateral 15.0g 6 s 20. 49
It should be noted that the test matri X

engineering judgement with respect to the MASH &6afety requirements and their internal
evaluation of critical tests necessary to evaluate the woa#iiiness of thebarrier system.
However, the recent switch to new vehicle types as part of the implementation of the MMSH 20
criteria and the lack of experience and knowledge regarding the performance of the new vehicle
types with certain types of hardware could result in unanticipated barrier performance. Thus, any
tests within the evaluation matrix deemed +ooitical may evatually need to be evaluated based

on additional knowledge gained over time or revisions to the MASIS &teria.

2.2 Evaluation Criteria

Evaluation criteria for fulscale vehicle crash testing are based on three appraisal areas:
(1) structural adequacy; (2) occupant risk; and (3) vehicle trajectory after collision. Criteria for
structural adequacy are intended to evaluate the abilityed @B systemto contain and redirect
impacting vehicles. In addition, controlled lateral deflection of the test article is acceptable.

6
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Occupant risk evaluates the degree of hazard to occupants in the impacting vehiétap&cst
vehicle trajectory is a gasure of the potential of the vehicle to result in a secondary collision with
other vehicles and/or fixed objects, thereby increasing the risk of injury to the occupants of the
impacting vehicle and/or other vehicles. These evaluation criteria are suadiaTable2 and
defined in greater detail in MASBD16 The fullscale vehicle crash testocumented hereivere
conducted and reported in accordance with the proesguovided in MASH016

In addition to the standard occupant risk measures, thellRpatt Head Deceleration
(PHD), theTheoretical Head Impact Velocity (THIV), and the Acceleration Severity Index (ASI)
were determined and reported. Additional disausssn PHD, THIV and ASI is provided in
MASH 2016

2.3 Soil Strength Requirements

In accordance with Chapter 3 and Appendix B of MAZI G foundation soil strength
must be verified before any fedlcale crashesting can occur. During the installation of al soi
dependent system, W6x16 (W152x23.8) posts are installed near the impact region utilizing the
same installation procedurasthe system itself. Prior to fulicale testing, a dynamic impact test
must be conducted to verify a minimum dynamic soil restgtaof 7.5 kips (33.4 kN) at post
deflections between 5 and 20 in. (127 and 508 mm) measured at a height of 25 in. (635 mm). If
dynamic testing near the system is not desired, MRSE5permits a static test to be conducted
instead and compared againstithgults of a previously established baseline test. In this situation,
the soil must provide a resistance of at least 90% of the static baseline test at deflections of 5, 10,
and 15 in. (127, 254, and 381 mm). Further details can be found in Appendix BSH RD16
No static soil test was conducted prior to test no. WITBs the system was evaluated on the
concrete tarmac.

For test no. WITE2, the Fshape PCBs were placed on an asphalt pad placed ossién in
soil and anchored with steel pins that paskealigh the barrier and into the asphalt and ®dilile
no baseline soil test with identical properties was available for direct comparison, a static soil test
was still conducted to ensure that the soil beneath the asphalt pad was consistent wiik previo
soils used at MWRSF for MASH testing, as showAppendix C The static test results found that
the insitu sal used for test no. WITE2 developed higher loadvhen compared with previous
static soil baseline tests used for MWRSF testing. Thus, tbiéuiisoil was deemed acceptable for
evaluation of the anchored PCB system in test no. \WATD
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3 TEST CONDITIONS

3.1 Test Facility

The Outdoor Test Sites located at thé.incoln Air Park on the northwest side of the
Lincoln Municipal Airport and is approximate miles(8.0 km) northwest of the University of
Nebraskalincoln.

3.2Vehicle Tow and Guidance System

A reversecable tow system with a 1:2 mechanical advantage was used to propel the test
vehicles. The distance traveled and the speed of the tow vehicle werBatinidnat of the test
vehicles. The test vehickewerereleased from the tow cable before impact with thadragystem.

A digital speedometer on the tow vehicle increlabe accuracy of the test vehicle impact speed.

A vehicle guidance system developed by Hifith] wasused to steer the test vehil&
guideflag, attached to thkeft-front wheek and the guide cable, was sheared off before impact
with the barrier system. THe-in. (9.5mm) diameter guide cable was tensioned to approximately
3,500 Ib(15.6 kN and suppded both laterally and vertically eveiyO ft (305 m) by hinged
stanchions. The hinged stanchions stood upright while holding up the guide cable, but as the
vehiclesweretowed down the line, the guidlag struck and knocked each stanchion to the gtoun

3.3 Test Vehicles

For testno. WITD-1, a2011 Dodge Ram 15Q0fuad cab pickup truckas used as the test
vehicle Thecurb,test inertial and gross statieehicleweights weret,9501b (2,245kg), 5,0001b
(2,268Kkg), and5,154lb (2,338kg), respectivelyThe test vehicle is shown Figures3 and4, and
vehicle dimensions are shown kigure 5. Note that prd e s t photographs of
undercarriagéor test noWITD-1 are not available.

For test noWITD-2, a 2010Dodge Ram 150Quad cab pickup truckas used as the test
vehicle. The curb, test inertial, and grotis vehicle weights were 5,01»(2,302kg), 5,003 Ib
(2,269 kg), and 5,15b (2,339kg), respectively. The test vehicle is showifrigures6 and7, and
vehicle dimensions are shownHigure8.

The longitudinal component of theenter of gravity ¢.g.) was determined using the
measured axle weightdfhe Suspension Methodl]] was used to determine the vertical
component of the c.g. for the gigp trucks. This method is based on the principle that the c.g. of
any freely suspended body is in the vertical plane through the point of suspension. The vehicle
weresuspended successively in three positions, and the respective planes containingviére c.g
established. The intersection of these planes pinpointed the final c.g. location for the test inertial
condition. The location of the final c.g. for test nd/ITD-1 is shown inFigures5 and9. The
location of the final c.g. for test n&/ITD-2 is shown in Figure8 and10. Data used to calculate
the location of the c.g. and ballast information are showApjpendix B

Square, blackand whitecheckered targets were placed on the vehifolereference to be
viewed from the higispeed digital video cameras and aidthe video analysis, as shown in
Figures9 and10. Round, checkered @ets were placed at the c.g. on the-$&die door, the right
side door, and the roof of the vehicles.

8
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Figure3. Test Vehicle, Test NWVITD-1
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Date: 5/30/2017 Test Name: WITD-1
Year: 2011 Make: Dodge
Tire Size: LT265/70R17 Tire Inflation Pressure: 40 Psi
B [T
n "
t  Wheel f Wheel a
Track Track
J— 1} A 4L

Test Inertial CM.

:-r——|

t=——TIRE DIA
f=— WHEEL DIA
l—p

©

o O ——ei

b .

vwreur wFronv
c
|Mass Distribution Ib (kg)
Gross Static LF 1399 (635) RF 1380 (626)
1204 (546) RR 1171 (531)
Weights
b (kg) Curb Test Inertial Gross Static
W-front 2689 (1220) 2687 (1219) 2779 (1261)
\W-rear 2261 (1026) 2313 (1049) 2375 (1077)
W-total 4950 (2245) 5000 (2268) 5154 (2338)

5000+110 (2270+50)

GVWR Ratings Ib

Front 3700
Rear 3900
Total 6700

Note any damage prior to test:

Dummy Data

5165+110 (2343150)

Type: Hybrid Il
Mass: 154 Ib
Seat Position: Passenger

VIN No: 1D7RB1GKXAS249304
Model: Ram 1500
Odometer: 150033

8

c:

el

Vehicle Geometry - in. (mm)
Target Ranges listed below

777/8 (1978) b: 733/4 (1873)
782 (1950450)
229 (6817) d: 467/8 (1191)
237113 (6020+325)
140 5/8  (3572) f: 403/8 (1026)
148412 (3760£300) 393 (1000£75)
: 28 1/16  (713) h: 65 1/16 (1653)
min: 28 (710) 63+4 (1575+100)
81/8 (206) j 2714 (692)
19 (483) I: 287/8 (733)
685/8 (1743) n: 68 (1727)
67+1.5 (1700£38) 67415 (1700+38)
461/8 (1172) p: 47/8 (124)
43£4 (1100475)
313/8 (797) r: 183/8 (467)
13 (330) t: 771/8  (1959)
Wheel Center
Height (Front): 15 (381)
Wheel Center
Height (Rear): 15 1/8 (384)
Wheel Well
Clearance (Front): 34 3/4 (883)

Wheel Well

Clearance (Rear): 37 (940)

Bottom Frame

Height (Front): 13 3/4 (349)
Bottom Frame
Height (Rear): 24 1/2 (622)
Engine Type: Gasoline
Engine Size: 3.7L V6
Transmission Type: Automatic
Drive Type: RWD
Cab Style: Quad Cab
Bed Length: 76"

Dent on passenger side of rear bumper. Paint taken off driver side above gas tank cover.

Figure5. Vehicle Dimensions, Test NwITD-1

11




April 12, 2019
MwRSF Report NoTRP-03-386-19

Figure6. Test Vehicle, Test NGWITD-2
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Date: 12/14/2017 Test Name: WITD-2 VIN No: 1D7RB1GP4AS121538
Year: 2010 Make: Dodge Model: Ram 1500
Tire Size: P275/60R20 114T Tire Inflation Pressure: 40 Psi Odometer: 216936
Vehicle Geometry - in. (mm)
Target Ranges listed below
—l— | [ sl *"
A i a: 78 (1981) b: 743/4  (1899)
t  Wheel Wheel a 7842 (1950+50)
Track Trock
c: 2291/8 (5820) d: 485/8 (1235)
R — 23713 (6020£325)
e: _1411/4 (3588) f: _401/8 (1019)
Test Inertial CM. 148112 (3760+300) 393 (1000£75)
g: 28 3/8 (721) h: 62 3/8 (1584)
qirm=pe—TIRE; DA min: 28 (710) 6324 (1575£100)
II r |=f=—— WHEEL DIA . "
\ - i 13 (330) | 2414  (616)
b é;‘r q | k:  211/4 (540) I: 297/8 (759)
9 o
T )
; k O s ()/ P Y l m: 68 5/8 (1743) n: 681/8 (1730)
! T ! 67+1.5 (1700£38) 6741.5 (1700£38)
h o: 46 5/8 (1184) p:_43/8 (111)
4314 (1100£75)
d e £—
q: 331/8 (841) r.__215/8 (549)
vwreom WFronv
c s: 143/8 (365) t: 783/8 (1991)
Wheel Center
Mass Distribution b (kg) Height (Front): 15 3/4 (400)
Wheel Center
Gross Static LF 1461 (663) RF__ 1426 (647) Height (Rear): 15 3/4 (400)
Wheel Well
LR 1149 (521) RR__ 1121 (508) Clearance (Front): 35 5/8 (905)
Wheel Well
Clearance (Rear): _ 38 3/8 (975)
Weights Bottom Frame
Ib (kg) Curb Test Inertial Gross Static Height (Front): 18 3/4 (476)
Bottom Frame
W-front 2848 (1292) 2794 (1267) 2887 (1310) Height (Rear): 25 3/4 (654)
W-rear 2227 (1010) 2209 (1002) 2270 (1030) Engine Type: Gasoline
W-total 5075 (2302) 5003 (2269) 5157 (2339) Engine Size: 4.7L V8
5000£110 (2270450) 51654110 (2343450)
Transmission Type: Automatic
GVWR Ratings Ib Dummy Data Drive Type: RWD
Front 3700 Type: Hybrid Il Cab Style: Quad Cab
Rear 3900 Mass: 154 Ib Bed Length: 76"
Total 6700 Seat Position: Driver
Note any damage prior to test: NONE

Figure8. Vehicle Dimensions, Test N&VITD-2
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Date: 5/30/2017 Test Name: WITD-1 VIN: 1D7RB1GKXAS249304
Year: 2011 Make: Dodge Model: Ram 1500
1 {—E ' | ‘
| |
L | D |
= R R e “B s
" —c
L | L N - —
A B L
_ . a
M —a 1
e (O)R= 0 L
H I
TARGET GEOMETRY=-- in. (mm)
A: 78 1/8 (1984) E: 63 1/4 (1607) J: 40 3/8 {1026)
B: 24 112 (622) F: 63 3/16 (1605) K: 28 1/8 (714)
Cc: 78 1/8 (1984) G: 36 1/4 {921) L: 42 5/8 (1083)
D: 48 {1219) H: 65 1/8 (1654) M: 65 1/2 {1664)
I: 75 1/2 (1918)

Figure9. Target Geometry, Tebto. WITD-1
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Date: 11/22/2017 Test Name: WITD-2 VIN: 1D7RB1GP4AS121538
Year: 2010 Make: Dodge Model: Ram 1500
L] ||: |
[ |
| D |
— o
—F
. I_—l I _hﬂ_ -/
A B C

H I

TARGET GEOMETRY-- in. (mm)

A: 78 (1981) E: 63 1/8 (1603) J: 39 172 (1003)

B: 271116  (703) F: 63 1/8 (1603)  K: 28 516  (719)

c: 68 3M6  (1732) @: 35 5/8 (905) L: 42 1/8 (1070)

D: 33 716  (849) H: 62 3/8 (1584) mM: 65 1/8 (1654)

I: 78 (1981)

Figurel0. Target Geometry, Test N&/ITD-2
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The front wheels of the test vehisleere aligned to vehicle standards except thartoe
value was adjusted to zesachthat the vehicles would track properly agpthe guide cable. A 5B
flash bulb was mountedndert h e v eright-sidéwensgishield wipes for both testsand was
fired by a pressure tape switch mounted at the impact corner of the bumper. The flash bulb was
fired upon initial impact with the testticle to create a visual indicator of the precise time of
impact on the higispeed digital videos. A remet®ntrolled brake system was installed in the test
vehicles so the vehiclecould be brought safely to a stop after the test.

3.4 Simulated Occupant

For test ne. WITD-1 and WITD-2, a Hybrid Il 5&™-Percentile, Adult Male Dummy,
equipped with clothing and footag was placed in theght-front and leftfront seat of the test
vehicles, respectivelyvith the seat belt fastened. The dummy, which had a final weidgtidlb
(70 kg) in both tests, was represented by model no. 572, and was manufactured by Android
Systems of Carson, California. As recommended by MASH 2016, the dummy was not included in
calculating the c.g. location.

3.5 Data Acquisition Systems
3.5.1Accelerometers

Two environmental shock and vibration sensor/recorder systegne used to measure the
accelerations in the longitudinal, lateral, and vertical directions. &mlerometer systems were
mounted near the c.g. of the test vehicles. The electronic accelerometer data obtained in dynamic
testing was filtered using the SAE Class 60 and the SlaEsQ80 Butterworth filter conforming
to the SAE J211/1 specifications.

The two systems, the SLIGEand SLICE2 units weremodular data acquisition systems
manufactured by Diversified Technical Systems, Inc. (DTS) of Seal Beach, California. The
SLICE-2 unit was designated as the primary system for both tests. The acceleration sensors were
mounted inside the baasof custombuilt, SLICE 6DX event dateecorcersand recorded data at
10,000 Hz to the onboard microproces&achSLICE 6DX was configured with 7 GB of nen
volatile flash memory, a range 0afl,630 %D (@CFCg 6 s,
1000) antaliasing fiter. Th e A SL | CE Warrseftivarecpoogngams tarel a customized
Microsoft Excel worksheet were used to analyze and plot the accelerometer data.

3.5.2Rate Transducers

Two identicalangularrate sensor systems mounted inside the bodies of the SLEH
SLICE-2 eveni data recorders were used to measure the rates of rotation of the tessvehatie
SLICE MICRO Triax ARShadarange of 1,500 degrees/sec in each of the three directions (roll,
pitch, and yaw) and recorded data at 10,000 Hz to the onboard microprec@$soraw data
measurements were then downloaded, converted to the proper Euler angles for analysis, and
pl otted. The ASLI CEWareo computer software
worksheet were used to analyze and plot the angular rate satesor d

17

ol

P



April 12, 2019
MwRSF Report NoTRP-03-386-19

3.5.3Retroreflective Optic Speed Trap

The retroreflective optic speed trap was used to determine the speedesttiehicles
before impactFive retroreflective targetsspaced at approximatehs-in. (457#mm) intervals
were applied to the sideof the vehicle. When the emitted beam of light wesflected by the
targets andeturned to the Emitter/Receiver, a signal was sent to the data acquisition computer
recording atL0,000 Hz as well as thexternal LED boxactivating he LED flashesThe speed
was then calculated using the spacing betweerethareflective targetand the time between the
signals.LED lights and higkspeed digital video analysis are only used as a backup in the event
that vehicle speeds cannot be detieed from the electronic data.

3.5.4Digital Photography

Five AOS high-speedligital video cameraandelevenGoPro digital video cameragere
utilized to film test no.WITD-1. Six AOS high-speed digital video cameras and twe¥ePro
digital video camerasvere utilized to film test noWITD-2. Camera details;gamera operating
speedslens irformation, andhschematic of the camera locatioefative to the systemreshown
in Figuresllandl2.

The high-speedvideos were analyzed usiigEMA Motion and Rethke MotionScope
softwareprograms Actual amera speed and camera divergence factors were considered in the
analysis of the higispeed videosA Nikon digital still camera waslsoused to document @rand
posttest conditions foeachtest

18
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GP #e!

3'-5" [1.0 m] —_
132" [40.2 m]
Height: 60’
[18.3 m]
AOS #9
GP #9
GP #10
6’ [1.8 m] EHR 6 [1.8 m]
=AOS #7_{ 1 2 3 4—1 5 6 7 8 9 10 11 12 13 /—l 15 16 AOS #5=
GP #3 NN N —_— Onboard: GP #4
28'-8" [8.7 m] W_&m \ ! 34 [10.4 m] it
J—AOS #8‘ “ Bridge Pit l
GP #‘sj 39" [11.9 m] b égs#fg
60'-6" [18.4 m] |=—
—={ 46’ [14.0 m]
127" [38.7 m] 266'-4" [81.2 m] {
Operating Speed .
No. Type (frames/sec) Lens Lens Setting
AOS5 AOS X-PRI 500 VIVITAR 135mm Fixed -
AOS-6 AOS X-PRI 500 KOWA 25mm Fixed -
AOS-7 AOS X-PRI 500 Fujinon 35mmFixed -
AOS-8 AOS SVIT 1531 500 Fujinon 50mmFixed -
AOS9 AOSTRI-VIT 2236 500 KOWA 12mm Fixed -
GP-3 GoPro Hero 3 120
GP-4 GoPro Hero 3 120
GP-6 GoPro Hero 3 120
GP-7 GoPro Herc4 240
GP-8 GoPro Hero 4 240
GP-9 GoPro Hero 4 120
GP-10 GoPro Hero 4 240
GP-15 GoPro Hero 4 240
GP-16 GoPro Hero 4 240
GP-17 GoPro Hero 4 120
GP-18 GoPro Hero 4 120

Figurell Camerd.ocations, Speedand LensSettings Test NoWITD-1
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GP #18
59'-8" [18.2 m]
2'-2" [0.7 m]—~{ |—
“ 142'~4" [43.4 m] |
64' [19.5 m]
A0S #7
A0S §2 GP #15
GP 17. —] 5" [1.5 m] Onboard:
22'-1" [6.7 m] I.G_P f ok
18'-10" [5.7 m] = [ J 13. L 1 =
WMACS 6 e A 7 """""""""""" — A0S #5 v

P #3 M

‘GP #8
16'-3" [5.0 m] I—-e' [1.8 m]
123'-10" [37.7 m] 267'-8" [81.6 m]

No. Type O?f? ;?nngg/feged Lens Lens Setting
AOS-2 AOS Vitcam 500 KOWA 25mm Fixed -
AOS5 AOS X-PRI 500 135mm Fixed -
AOS-6 AOS X-PRI 500 Fujinon 5anm Fixed -
AOS-7 AOS X-PRI 500 KOWA 16mm Fixed -
AOS-8 AOS SVIT 1531 500 Sigma 2870 50
AOS9 AOS TRIVIT 2236 500 KOWA 12mmFixed -

GP-3 GoPro Hera+ w/ Cosmicar 12.5mm 120
GP-4 GoPro Hero 3 w/ Computar 12.5mm 120
GP-5 GoPro Hero 3+ 120
GP-6 GoPro Hero 3+ 120
GP-7 GoPro Herot 120
GP-8 GoPro Hero 4 240
GP-9 GoPro Hero 4 120
GP-10 GoPro Hero 4 240
GP-15 GoPro Hero 4 240
GP-16 GoPro Hero 4 240
GP-17 GoPro Hero 4 240
GP-18 GoPro Hero 4 240

Figurel2. Camera Locations, Speeds, and Lens Settings, TeSVN@-2
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4 DESIGN DETAILS 7 TEST NO.WITD -1

The test installation consistefigixteen 12ft 6-in. (3.8-m) long WiDOT PCBs in a bok
through, tiedown configuratiorfor use on concretd he system was installed with the rear toe of
the PCBsplacedl in. (25 mm)awayfrom the edge of the simulated bridge dea&,shown in
Figuresl3through21. Photographs of the test installation are shown in Figdesd23. Material
specifications, mill certifications, and certificates of conformity for the system materials are shown
in Appendix A

The concrete mix for the barrier sections required a minimum compresswgthtiof
5,000 psi (34.5 MPap minimum concrete cover of 2 in. (3dm) was specifiedcach PCBwvas
reinforced withASTM A615 Grade 60 rebafrhe barier sections used a conniectpin, as shown
in Figurel5. Each connean pin measured 28. (711 mm) in length, 1%. (32mm) in diameter,
and was used to intexdk the¥+in. (19-mm) diameterASTM A705 Grade 6@onnection loop
bars, as shown in Figurés and16.

Barrier nos. 5 through 13 were each anchored to the concrete tarmac throlgit the
anchorpockets on the front (traffic) side withh r e-ia. (28ram) diameter by 1. (305mm)
long, ASTM A307 Grade A threaded rods insertatt epoxiedvith Hilti HIT -RE 500 V3 epoxy
into 1¥%in. (32mm) diameter holes in the concrete tarmac, as shown in FidgGresd 15.
Equivalent strength epoxies and and/or epoxy anchorage configurations could also be used in real
world installationsDuring installation, the barriesegments were pulled in a direction parallel to
their longitudinal axs, and slack was removéwm all joints. After slack was removed from all
the joints,1¥xin. (32mm) diameter holes were drillédr bolt anchors athe bolt anchor pocket
locatiors on the front (traffic) sideThethreaded rod anchovgere embedded to a depth of B4
(2133mm), as shown irFigurel5.

21



cc

Bridge Pit
\[l: 1504 1/2"[38214] =']
244"16198]
17[25]
___________________________________________________ Dy
16 15 14 13 12 11 10 9 8 7 o905 6 S5 4 3 2 1
51 3/16"1300]
Impact
PLAN VIEW 2270pP
' 2455 5/16"[62365] |
'—71379 1/2"[35039] — Barrier nos. 5-13 Anchored——‘
Ground [ 1 T I | 1 I 1 1 | 1 T T I I ]
Line ’ ’ ) ) !
i
ELEVATION VIEW
Note: (1) Test shall be performed according to test designation no. 3—11 of MASH.
(2) The impact location is 51 3/16” [1,300] upstream of the joint between barrier nos. 8 and 9.
(3) Rear toe of barrier placed 1" [25] from edge of bridge pit.
(4) Barrier nos. 5—13 are anchored in all traffic—side bolt pockets.
Wl PCB Anchorage Tie— |«
Down BATE:
Test No. WITD—1 P
DRAWN BY:
s i System Layout £
Midwest Roadside| ™ Y e
Sofety Focility DWC. NAME. ISCALE: 1:270 |REV. BY:
WTD-1_R10 UNITS: in.[mm] .@!KA_/

Figurel3. System Layout, Test N&VITD-1
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ELEVATION VIEW
Wi PCB Anch Te— [,
Note: (1) Barrier nos. 5—13 are anchored in all traffic—side bolt pockets. NCROLAge, We=— |zord
(2) Threaded rod epoxy anchored using Hilti HIT-RE 500 V3 Down DATE:
epoxy or equivalent. Test No. WITD—1 5/25/2017
C t B . A bl DRAWN BY:
. . oncrete Barrier Assembly
Midwest Roadside i
Sofety FOCIIIty DWG. NAME. [SCALE: 1:60 [REV. BY
WITD-1_R10 UNITS: in [mm] | EK/KAL/

Figurel4. Concrete Barrier Assembly, Test NWITD-1
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’-—-'—3 5/8"[92] Nominal

L@

? @

@—L
.(

N &

/ Ground

. PRI R B O

Ground

Line

"[133]

Line

DETAIL A

Note: (1) Barrier nos. 5—13 are anchored in all traffic—side bolt pockets.
(2) Threaded rod (part b1) epoxy anchored using Hilti HIT—RE 500 V3
epoxy or equivalent.

(3) Follow all Hilti installation guidance. Use 1/8" [3] oversize bit. Clean holes
with steel wire brushes and are nozzels to remove dust. Installation
temperature range of 23°F—104°F [—5°C—40°C]. Follow cure time on

package. Limit installation torque to 175 ft—Ibs [237 N—m].

Part b1 epoxied
into 1 1/4” [32]
diameter pre—drilled
holes in the
concrete tarmac.

DETAIL B
SCALE 1 : 6

) TsreET:

Wl PCB Anchorage Tie— |[so0

Down DATE:
Test No. WITD—1 R
C " d A h DRAWN BY:

. . onnection an ncnorage

Midwest Roadside| Details g P
Sofety FGCIIIty DWG. NAME. SCALE: 1:10  |REV. BY:
WITD—1_R10 UNITS: in.[mm] IJ%L(KAL/

Figurel5. Connection and Anchorage Details, Test WéTD-1
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*Hole in tested barrier 1/2" [25] smaller than design.

Midwest Roadside
Safety Facility

" SHEET:
Wl PCB Anchorage Tie— i
Down DATE:
Test No. WITD—1 P

DRAWN BY:
Portable Concrete Barrier VES/JEK
Details

DWG. NAME. SCALE: 1:22 REV. BY:
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Figurel6. Portable Concrete Barrier Details, Test M4TD-1
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Figurel?.

Portable Concrete Baer Details, Test NoWITD-1
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ab 6 #6 35"[889] AB15 Gr.60
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Figurel18. Portable Concrete Barrier Details, Test MdTD-1
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Figure19. Connector Pin Details, Test NGITD-1
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lteg‘ QTY. Description Material Spec Galvanization Spec H%'Si\:'gre
al 16 |Portable Concrete Barrier Min f'c = 5,000 psi [34.5 MPa] = SWCO09
a2 [192(1/2” [13] Dic., 72" [1,829] Long Form Bar ASTM A615 Gr. 60 - SWCO9*
a3 | 32 [1/2” [13] Dia., 146" [3,708] Long Longitudinal Bar ASTM A615 Gr. 60 < SWCO9*
a4 48 |5/8” [16] Dia., 148" [3,708] Long Longitudinal Bar ASTM A615 Gr. 60 = SWCOg9*
a5 | 96 [3/4” [19] Dia., 36” [914] Long Anchor Loop Bar ASTM AB15 Gr. 60 - SWCO9*
o6 | 32 [3/4 18] Dia.. 1017 [2,565] Long Connection Loop | oSt A709 Gr. 70 or A706 Gr. 60 - swcog*
a7 | 32 [3/4 118] Dia, 917 [2,311] Long Connection Loop [ asTM A709 Gr. 70 or A706 Gr. 60 = SWCog*
dg |32 [3£% L18] Dia., 102" [2,587] Lang Conneclion Loop| a5 #7068 Gr. 70 or #706 Gr. 60 — SWC09*
a9 15 |1 1/4" [32] Dia., 28" [711] Long Connector Pin ASTM A36 — FMW02
b |2z R 048 [28] D UNG;, 52" [305] Long Threadsd ASTM A307 Gr. A **ASTM A153 or B695 Class 55 or F2329 | -
b2 | 27 [3"x3"x1/2" [76x76x13] Washer Plate ASTM A36 *ASTM A123 -
b3 | 27 [1 1/8" [29] Dia. Heavy Hex Nut ASTM A563A **ASTM A153 or B695 Class 55 or F2329 -
Minimum bond strength for 1 1/8”
for | — |Hilti HIT-RE 500 V3 Epoxy or equivalent [29] anchor > 1,650 psi [11 MPa] - -
in uncracked concrete
* Included in SWC09 hardware guide designation.
** Component does not need to be galvanized for testing purposes.
. [SHEET:
Wl PCB Anchorage Tie— |ooo
Down DATE:
Test No. WITD—1 P
B ” f M I DRAWN BY:
g 5 ill of Materials B
Midwest Roadside W
Sofety Focility DWC. NAME. ISCALE: 1:768 |REV. BY:
WITD—1_R10 UNTS: i [mm] | JEK/KAL/

Figure21. Bill of Materials, Test NWITD-1
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Figure22. Test Installation Photographs, Test MA.TD-1
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Figure23. Connection and Anchor PDetails, Test NOWITD-1
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5 FULL -SCALE CRASH TEST NO.WITD -1
5.1 Weather Conditions
Test noWITD-1 was conducted ollay 30, 2017t approximately:45p.m. Theweather

conditions as per the National Oceanic and Atmospheric Administrattatiof 14939/LNK
were reported and are shownTiable3.

Table3. Weather Conditions, Test N&/ITD-1

Temperature 81° F

Humidity 21%

Wind Speed 17 mph

Wind Direction 33 from True North
Sky Conditions Sunny

Visibility 10 Statute Miles
Pavement Surface Dry

Previous 3Day Precipitation | 0.42in.

Previous 7Day Precipitation | 0.42in.

5.2 Test Description

Initial vehicle impact was to occur 4ift3%16in. (1.3 m) upstream from the centerline of
the joint between barrier no8.and 9, as shown Iigure24, which wasselectedising Table 2.7
of MASH 2016 The 5,0001b (2,268kg) quad calpickup truckimpacted thebolt-through tie
downPCB systenon concretat a speed d@2.0mph(99.8km/h) and at an angle @5.6degrees
The actual point of impact w&s9in. (175mm) downstreanfrom thetargetlocation The vehicle
came to res43 fti 2 in. (74.1 m) downstream from the impact point and 231 in. (7.3 m)
laterallyin front of the trafficfacing sideof the barrielafter brakes were applied

A detailed description of the sequential impact events is containeabie4. Sequential
photographs are shownkigures25and26. Documentary photographs of the crash test are shown
in Figures27and28. The vehicle trajectory and final position are showRigure29.

5.3 Barrier Damage

Damage to the barrier wanoderate, as shown in Figu@through36. Barrier damage
consisted otontact marks on the front face of the concrete segments, spalling of the concrete, and
concrete cracking and fracturehe length of vehicle contact along the barrier was approximately
18 fti 1% in. (5.5 mwhich spanned frord ft 1 4% in.upstream from theownstream edge of
barrier no. 8o 3% in. (83 nm) upstream from the downstream end of barrier9no.
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Figure24. Impact Location, Test N&WITD-1
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Table4. Sequential Description of Impact Eventgest NoWITD-1

-Elsl\élf) EVENT

0.000 Vehicled Bont pumper contgcted barrier no§183 fti 8%16in. (1.1 m) upstream
from thecenterline of the joint between barrier n8sand 9

0.004 | Vehicled &ont bumper deformed amajht-front tire contacted barrier no. 8.

0.016 | Vehicled sght-front tire rode up barrier no. 8.

0.018 | Vehicle rolled towardarrier.

0.028 | Vehicled &ont bumper contacted barrier no. 9.

0.032 Vehicled Eight—front door co_ntacte_d barrier no. 8, and concrete barrier no. 8
rotated clockwis@bout vertical axis

0.036 | Barrier no. 9 twisted counterclockwiabout the downstream end.

0.040 | Vehicle yawed away frorbarrier and pitched upward.

0.044 | Vehicled dght airbag deployed.

0.046 | Vehicled keft airbag deployed.

0.064 | Rear toe of arrier no. Spalled between midspan and upstream end of barrie

0.074 | Rear toe of arrier no. &palled at the midspan of the barrier.

0.082 | Barrier no. 9 cracked at midspan of barrier.

0.088 | Barrier no. 8 spalled at downstream end.

0.098 | Vehicled Eeft-front tire became airborne.

0.120 | Occupand kead contacted rigHitontd o o wiridaw.

0.132 | Barrier no. 8 cracked between midspan and upstream end of barrier.

0.172 | Vehicle was parallel teystemat a speed of 52.6 mph (84.7 km/h)

0.176 | Vehicled sear bumper contacted barrier no. 8.

0.180 | Vehicle pitched downward.

0.212 | Vehicled gght taillight disengage@nd vehiclé gght-front tire became airborng

0.214 | Barrier no. 9 spalled at downstream end.

0.226 | Vehicled keft-rear tire became airborne.

0.336 | Vehicled gght-rear tire became airborne.
Vehicle exited systerwhile airborneat a speed of 49.7 mph (80.0 km/h) and

0.346 angle of 4.4 degrees

0.410 | Vehicled gght-front tire regained contact with ground.

0.534 | Vehicled sont bumper contacted ground.

0.580 | Vehicle rolled away fronbarrier.

0.606 | Vehicled searregained contaavith ground

0.790 | Vehicled Eeft-front tire regained contact with ground.

0.950 | Vehicled gght-rear tire regained contact with ground.

0.994 | Vehicled keft-rear tire regained contact with ground.

1.038 | Vehicled s +relargvheel disengagexuhd vehicle pitched downward.
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Figure25. Sequential Photographs, Test MOITD-1
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