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1 INTRODUCTION
1.1 Background

The New Jersey Department of Transportation (NJDOT) currently uses a Neay Jer
shape, Precast Concrete Curb, ConcBztgier, which will bereferred to as portableoncrete
barrier (PCB), with a vertical;beam connectiopin to attach barriers end to end viitkheir work
zones and construction areas. P9d3 NJDOTRoadway Design Manugl] provided guidance
on allowable barrier deflections for various classes of PCB joint treatments, as shiainteih.
The current 2015 NJDORoadway Design Manuf2] provides guidance on allowable deflections
for various connection types, as showmable?2.

Tablel. 2013NJDOT Roadway Design Manual PCB Guidapftie

Joint Class| Use Joint Treatment

A Allowable movement over | ~ o on Kev onl
16 to 24 inches yory

B Allowable movement over Connection Key and grout in every joint
11 to 16 inches y g Y]

Connection Key and grout in every joint and p
Allowable movement of . g )
C . every other unit. In units to be anchored, pin
11 inches Co
should be required in every recess
No allowable movement Connection Key and grout in every joint armltb
(i.e., bridge parapet) every anchor pocket hole in every unit.

Table2. Current 2015NJDOT Roadway Design Manual PCB GuidafZe

Connection Use Joint Treatmerit
Type
A Maximum allowable deflection of| Connection Keyand barrier end sections

41 inches fully pinned

Maximum allowable deflection of
B 28 inches (Cannot be used with
traffic on both sides of the barrier

ConnectionKey 60 by 60 K
barrier end sections fully pinned

: , Connection Keyconstruction side of all
Maximum allowable deflection of . . . )
C : sections pinned, and barrier end section:
11 inches .
fully pinned

* Barrier end sections fully pinnédfirst and last barrier segments of the entire run regardless of connection type
have pins in every anchor recess on both sides.

The guidance provided iooth the 2013 and 20Foadway Design Manualas based on
test dahobtainedrom previous testing standardghichneeds to be updated to be consistent with
currentcrashtesting standards aradchangingrehicle fleet.Crash ésting of other PCB systems
under the Test Level 3 (FR) criteria of theManual for Assessingafety HardwaréMASH 2009)
[3] has indicated that dynamic barrier deflections can increase significantly when compared to
dynamic deflections basedn older crash test data. Thus, a need exists to investigate the

1
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performance of the NJDOT PC&/stemin various configurationgn orderto provideupdated
design guidance'he NJDOT PCB standard plans are showAppendix A

1.2 Objective

The objectiveot hi s research effort was to evaluat
PCB, Type 4 (Alternative Byith a pinned configuration and grouted toesrresponding to joint
class C in the2013 NJDOT Roadway Design Manudll]. The system was to be evaluated
according to the Test Level 3 (13) aiteria set forth in thdManual for Assessing Safety Hardware
(MASH 2009)[3].

1.3 Scope

The research objective was achieved through completigewaral tasks. One fulicale
crash test was conducted on the PCB system according to MASH 2009 test designatibh. no. 3
Next, the fullscale vehicle crash test results were analyzed, evaluated, and documented.
Conclusions and recommendations were thewlarpertaining to the safety performance of the
PCB system.
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2 TEST REQUIREMENTS AND EVALUATION CRITERIA

2.1 Test Requirements

Longitudinalbarriers such as PCBs, must satisfy impact safety standards in orfer to
declared eligible 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 MASH 2@6Note that there is no difference
between MASH 2009 and MASH 2016 forostlongitudinal barrierssuch as théCB system
tested in this projecexcept that additional ocgant compartment deformation measurements are
required by MASH 2016According toTL-3 of MASH 2009 longitudinal barrier systems must
be subjected to twtull-scale vehicle crash tests, as summarizebaiole 3. However, only the
2270P crash test was deemed necessary as other prior small car tests were used to support a
decision to deem the 1100C crash test not critical.

Table3. MASH 2009TL-3 Crash Test Conditions for Longitudinal Barriers

Test Test Test \\//Veeri]gigcr:? Isr?)gg(c:lt T Evaluation

article | DS venicle | b | ‘mpn | AM9'® | criteriat
(kg) (km/h) 9

Longitudinal 310 1100C (ii%) (16020) 25 AD.FHI

Barrier 311 2270P (g:ggg (16020) 25 AD,FH,I

1 Evaluation criteria explained ifable4.

In test no. 7069B, a rigid, Fshape, concrete bridge rail was successfully impacted by a
small car weighing 1,800 Ib (816 kg) at 60.1 mph (96.7 km/h) and 21.4 degrees according to the
American Association of State Highway and Transportation Officials (AASHTRRi)de
Specifications for Bridge Railind$-6]. In the same manner, test nos. CMBhrough CMB10,
CMB-13, and 4794 showed that rigid, New Jersey, concrete safety shape barriers struck by small
cars have been shown to etesafety performance standards8]. In additional, in test no.
2214NJ1, a rigid, New Jersey, ection, concrete safety shape barrier was impacted by a
passenger car weighing 2,579 Ib (1,170 kg) at 60.8 mph (97.8 km/h) and 26.1 degrees according
to the TL-3 standards set forth in MASH 2009).[ Furthermore, temporary, New Jersey safety
shape, concrete median barriers have experienced only slight barrier deflections when impacted
by small cars and behave similarly to rigid conctegiers as seen in test no. 40][ As such,
the 1100C passenger car test was deemed not critical for testing and evaluating this PCB system.

tshould be noted that the test matrix det
engineering judgement with respect to the MASH 2009 safety requirements and their internal
evaluation of critical tests necessary to evaluate the crashworthiness béartier system.
However, the recent switch to new vehicle types as part of the implementation of the MASH 2009
criteria and the lack of experience and knowledge regarding the performance of the new vehicle
types with certain types of hardware could resulinanticipated barrier performance. Thus, any

3
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tests within the evaluation matrix deemed +ooitical may eventually need to be evaluated based
on additional knowledge gained over time or revisions to the MASH 2009 criteria.

2.2 Evaluation Criteria

Evaluation criteria for fultscale 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 ability of the P@Bnsis contain and redirect
impacting vehicles. In addition, controlled lateral deflection of the test article is acceptable.
Occupant risk evaluates the degree of hazard to occupants in the impacting vehiétap&cst
vehicle trajectory is a measuretbé 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 summarizadded and
defined in greater detail in MASH 2009. The fatlale vehicle crash test documented herein was
conducted and reported in accordance with the proceduresguan MASH 2009.

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 discussion oB,PHHIV and ASI is provided in
MASH 2009.
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Table4. MASH 2009Evaluation Criteridor Longitudinal Barrier

Structural
Adequacy

A.

Test article should contain and redirect the vehicle or bring the ve
to a controlled stop; the vehicthould not penetrate, underride,
override the installation although controlled lateral deflection of
test article is acceptable.

Occupant
Risk

Detached elements, fragments or other debris from the test i
should not penetrate or show potehtor penetrating the occupa|
compartment, or present an undue hazard to other traffic, pedeg
or personnel in a work zone. Deformations of, or intrusions intg
occupant compartment should not exceed limits set forth in Seg
5.3 and Appendi E of MASH 2009.

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

Occupant Impact Velocity (OIV) (see Appendix A, Section3A\af
MASH 2009 for calculation procedure) should satisfy the follow
limits:

Occupant Impact Velocity Limits

Component Preferred Maximum
o 30 ft/s 40 ft/s
Longitudinal and Lateral (9.1 m/s) (12.2 m/s)

The Occupant Ridedown Acceleration (ORA) (see Apperhlix
Section A53 of MASH 2009for calculation procedure) should satig
the following limits:

Occupant Ridedown Acceleration Limits

Component Preferred Maximum

Longitudinal and Lateral 15.0 ¢ 20. 49
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3 DESIGN DETAILS

The test installation consistedof ten 20ft (6.1-m) long NJDOT FCBs with a pinned
configurationand grouted toesas shown irFiguresl through14. This systemusesNJDOT
barries, Type 4 (Alternative B)with joint class Cas specifiedn the 2013 NJDOT Roadway
Design ManualPhotographs of the test ind&ion are shown ifrigures15 throughl8. Material
specifications, mill certifications, and certificates of conformity for the system materials are shown
in Appendix B

The concretenix for the barrier sectiomgquireda minimum 28day compressive strength
of 3,700 psi (2% MPa). A minimum concrete cover ofA4in. (38 mm) was used along all rebar
in the barrier. All of the steel reinforcement in the barrier was ASTOM5 Grade 60 rebar and
consisted of four No. 6 longitudinal bars, eight No. 4 bars for the vertical stirrups, four No. 6 lateral
bars, and nine No. 4 bars for the anchor hole reinforcement loops. The section reinforcement details
are shownn Figures5 and6.

The barrier setions used a connection keg shown in Figuresthroughlland16. The
connection key assembly consisted ofinz2(13mm) thick, ASTM A36 steel plates welded
together to form the key shageconnection socketas configured at each endtb&éPCBsection,
asshown in Figure2, 15, and16. Theconnection socketonsisted othree ASTM A36 teel plates
welded on the sides ahASTM A500Grade B or Gteel tubeas shown ifrigures9 and10. The
connection key was insedénto the steel tubes of two adjoiniR§gBsto form the connection, as
shown inFigurell.

Barrier nos.1, 3, 5, 7, 9and 10 wereanchoredo the concretetarmacthrough the pin
anchor recesseagth nine 1-in. (25-mm) diameter by5-in. (381mm) long, ASTM A36 steel pins
inserted into 1%n. (32mm) diameter hokein the concrete tarmaas shown irFigures12 and
17. The steel pins were embeddieda depth of 5 in. (127 mm), asown inFigure 1. During
installation, the barrier segments were pulled in a direction paratletitdongitudinal axes, and
slack was removeftom all joints. After slack was removed from all the joints,-itt/a(32-mm)
diameter holes were drilled for pin anchors at pin recess losafime samples of concrete tarmac
were tested from fiveiflerent locations of the MwRSOutdoor Test SiteThe concrete tarnta
had a compressive strengimgingbetween 5,90 and 7,040 psi @2 and 48.5 MPa), as shown
in Appendix C Non-shrink graut wedges were placed at the toe of each barrier segmewery
joint between adjacent barrier segments, as showigure18. The grout wedges consisted of a
grou mix with a minimum 1day compressive strength of 1,000 psi (6.9 MPa)
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BILL OF BARS

ITEM NO. QTY. BAR SIZE UNBENT LENGTH MATERIAL SPEC.
a2 54 1" [25] 15" [381] A36
= @4"[102] b1 80 #4 [13] 59" [1499] AB15 Gr. 60
b2 20 #6 [19] 6" [152] A615 Gr. 60
b3 20 #6 [19] 14" [356] AB15 Gr. 60
b4 90 #4 [13] 377 [940] AB15 Gr. 60
b5 40 #6 [19] 19°—0" [5791] A615 Gr. 60
Note: (1) Quantities in Bill of Bars represent a system with ten barriers.
1.3"
[
26"[661] 24”(610] O
15"[381]
15 1/2"[394]
13 1/2"[343]
]
Part a2
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Figurel2 PCB Reinforcement Detail$est No.NJPCB1
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Minimum concrete clear cover for reinforcement steel shall be 1 1/2” [38 mm].
All end segments shall be pinned.

After a segment has been placed and the connection key inserted, pull the unit in a direction parallel to its longitudinal axis to remove any slack
in the joint.

The portable concrete barrier shall be cast in steel forms.

The portable concrete barrier shall be barrier segments of 20 feet [6,096 mm]. However, other lengths may be used to meet field conditions.
The number and placement of the b2 and b3 reinforcement steel will vary with the length of the barrier segment as shown on the table of
variable reinforcement steel. The b5 reinforcement steel shall be 10" [254 mm] shorter than the nominal length of the barrier segments.

Reinforcing shown is the minimum required. Additional reinforcing necessary for handling shall be the option and responsibility of the contractor.

Welding and fabrication of steel structures shall be in accordance with sections 1 thru 6 of the ANSI/AASHTO/AWS D1.5 bridge welding code and
section 10 of the ANSI/AWS D1 structural welding code. Surfaces to be welded shall be free of scale, slag, rust, moisture, grease or any other
material that will prevent proper welding or produce objectional fumes. Welding shall be shielded metal arc welding using properly dried 5/32”
[4 mm] dia. E7018 electrodes.

The length of the pins shall be such that a minimum embedment length of 5”7 [127 mm] is obtained when embedded into concrete pavement.
When anchor pins are in place, they shall not project above the plane of the concrete surface of the barrier. Holes in bridge decks shall be

1 1/4” [32 mm] diameter maximum and made with a core drill or any other approved rotary drilling device that does not impart an impact

force.

Use non—shrink grout of a plastic consistency that is listed on the QPL and conforms to ASTM C 1107 with the following amendments:
Ensure that the grout has a working time of at least 30 minutes from the time the water is added.

Match the color of the hardened grout, where visible, to the color of the adjacent hardened concrete.

Include 1—day strength tests as part of the performance requirements of ASTM C 1107.

Ensure that the grout contains no more than 0.05 percent chlorides or 5.0 percent sulfates by weight.

Minimum 1—day compressive strength of 1,000 psi [6.9 MPa].

KR PN o

Use connection key in every joint. Grout is placed at the toe of each barrier segment between adjacent barrier segments in every joint. Pin every
other segment, except both end segments are pinned. In segments that are to be anchored, pins shall be required in every anchor pin recess.
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Figurel3. General NotesTest No.NJPCB1
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Iltem

psi

No. | QTY. Description Material Spec Galvanization Spec
al 10 |Concrete Barrier Segment — NJDOT Type 4 Barrier (Alternate B) f'c = 3,700 psi [25.5 MPga] -

a2 54 |[1” [25] Dia., 15" [381] Long Anchor Steel Pin ASTM A36 ASTM A123*
b1 | 80 [1/2" [13] Dia., 59" [1,499] Long Bent Rebar ASTM AB15 Gr. 60 =

b2 | 20 |[3/4” [19] Dia., 6" [152] Long Rebar ASTM AB15 Gr. 60 =

b3 | 20 [3/4” [19] Dia., 14" [356] Long Rebar ASTM A615 Gr. 60 -

b4 | 90 [1/2” [13] Dia., 37" [940] Long Bent Rebar ASTM AB15 Gr. 60 -

b5 | 40 [3/4” [19] Dia., 228" [5,791] Long Rebar ASTM AB15 Gr. 60 —~

et | 20 [4"x4"x1/2" [102x102x13] x 20" [508] Long Tube ASTM A500 Gr. B or C -

c2 40 (40 1/2"x2"x1/4" [1,029x51x6] Bent Steel Plate ASTM A36 =

[} 20 |34 1/2"x2"x1/4” [B76x51x6] Bent Steel Plate ASTM A36 =

d1 18 |25 1/2"x2"x1/2” [648x51x13] Steel Plate ASTM A36 =

d2 9 |25 1/2"x2 1/4"x1/2” [648x57x13] Steel Plate ASTM A36 =

d3 18 |6 3/16"x1 3/8"x1/2" [157x35x13] Steel Plate — Stiffener ASTM A36 —

d4 9 |17"x8"x1/2" [432x203x13] Bent Steel Plate — Top Plate ASTM A36 =

&1 18 |Non=Shrink Grout Min. 1— dchCompressn':Ae OS]trength _

*Component does not need to be galvanized for testing purposes.

NJ Pinned Portable

SHEET:
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10/30/201g|
Bill of Materials
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Figurel4. Bill of Materials, Test No.NJPCB1
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Figurel5. NJDOT PCB withPinned Configuratiomnd Grouted ToeSest InstallationTest No.
NJPCB1
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Figurel6. PCB Connection Key an@onnectionSocket,Test No.NJPCB1
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Figurel7. PCBPin Ancha Recesseslest No.NJPCB1
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Figurel8. Groutat ToesbetweerPCBs Test No.NJPCB1
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4 TEST CONDITIONS
4.1 Test Facility

The Outdoor Test Sités located at the Lincoln Air Park on the northwest side of the
Lincoln Municipal Airport and is approximatey miles(8.0 km) northwest of the University of
NebraskalLincoln.

4.2 Vehicle Tow and Guidance System

A reversecable tow system with a 1:2 mechanical advantage was used to propel the test
vehicle. The distance traveled and the speed of the tow vehicle wetalbribat of the test
vehicle. The test vehicle was released from the tow cable before impact with the barrier system. A
digital speedometer on the tow vehicle increldbe accuracy of the test vehicle impact speed.

A vehicle guidance system developed by Hifith was used to steer the test vehicle. A
guideflag, attached tohe right-front wheel and the guide cable, was sheared off before impact
with the barrier system. THg-in. (9.5mm) diameter guide cable was tensioned to approximately
3,500 Ib(15.6 kN and supported both laterally and vertically eveé® ft (305 m) by hinged
stanchions. The hinged stanchions stood upright while holding up the guide cable, but as the
vehicle wasdawed down the line, the guidiag struck and knocked each stanchion to the ground.

4.3 Test Vehicle

Fortest noNJPCR1, a2010 Dodge Rarth500quad calpickup truckwas used as the test
vehicle. The curb, test inertial, and gross static vehicle weights were 5,229 Ib (2,372 kg), 5,013 Ib
(2,274 kg), and 5,174 Ib (2,34qy), respectively. The test vehicle is shownFigure 19, and
vehicle dimensions are shownHRigure20.

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 pickup truck. 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
was suspested successively in three positions, and the respective planes containing the c.g. were
established. The intersection of these planes pinpointed the final c.g. location for the test inertial
condition The location of the final c.g. is shown in FiguB8sand21. Data used to calculate the
location of the @. and ballast information are showrAppendix D

Square, blackand whitecheckered targets were placed on the vehicle for reference to be
viewed from the higispeed digital video cameras and aid in the video analysis, as shbigarna
21 Round, checkered targets were placed on the c.g. on tHse&defioor, the righside door, and
the roof of the vehicle.

The front wheels of the test vehicle were aligned to vehicle standards except-ithe toe
value was adjusted to zesachthat the vehicle would track properly along the guide cable. A 5B
flash bub was mounted undénev e h i left-selé@vandshield wiper and was fired by a pressure
tape switch mounted at the impact corner of the buniges.flash bulb was fired upon initial
impact with the test article to create a visual indicator of the prémseof impact on the high
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speed digital videos. A remet®ntrolled brake system was installed in the test vehicle to bring
the vehicle safely to a stop after the test.

Figurel9. Test Vehicle, Test N&NJPCB1
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*(All Measurements Refer to Impacting Side)

Note any damage prior to test

Date: 2/19/2016 Test Number: NJPCB-1 Model: RAM 1500
Make: Dodge Vehicle I.D.#: 1d7rblgp4as138145
Tire Size: 275/60R20 Year: 2010 Odometer: 174257
Tire Inflation Pressure: 40

_'_’ (— 1= j Vehicle Geometry -- in. (mm)
£ wheel ) Wheel o a 7612 (1943) b 743/4 (1899)
Track Track
_L ﬁ J c 22914 (5823) d 461/2 (1181)
[E— S I N— e 14012 (3569) f 381/8 (968)
Test Inertial CM. g_ 2812  (724) h_593/4 (1519)
Q ——f—TIRE 1A i 1018 (257) j 253/4 (654)
&_ I P [ wheEL Dia k 19 (483) | 301/8 (765)
m ° m 68 (1727) n 683/8 (1737)
i g N . 0 437/8 (1114) p 458 (117)
i —'{ O @ )) B l q 32 813) r 2112 (546)
. f s 143/4  (375) t 753/8 (1915)
Wheel Center Height Front 151/2  (394)
i vwre” : WFronv T Wheel Center Height Rear 157/8  (403)
c Wheel Well Clearance (F, 353/8 (899)
Mass Distribution Ib (kg) Wheel Well Clearance (R 385/8  (981)
Gross Static LF 1488 (675) RF 1485 (674) Frame Height (F) 18 1/4  (464)
LR 1098 (498) RR 1103 (500) Frame Height (R) 261/2  (673)
Engine Type Gasoline
Weights
Ib (kg) Curb Test Inertial Gross Static Engine Size 4.7L V8
W-front 2972  (1348) 2879 (1306) 2973 (1349) Transmission Type: Automatic
W-rear 2257 (1024) 2134 (968) 2201 (998) Drive Type: RWD
W-total 5229 (2372) 5013 (2274) 5174 (2347)
GVWR Ratings Dummy Data
Front 3700 Ib Type: Hybrid Il
Rear 3900 Ib Mass: 161 |b
Total 6700 Ib Seat Position: Driver

Figure20. Vehicle Dimensions, Test NBLJPCB1
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TEST #: NJPCB-1
TARGET GEOMETRY-- in. (mm)
A T27/8 (1851) E 6338 (1610) J 39112 (1003)
B 283/8 (721) F 6312 (1613) K 285/8 727)
c 7978 (2029) G 3012 (775) L 423/4 (1086)
D 48 1219) H 5958 (1514) M 641/4 (1632)
I 807/8 (2054)

Figure2l. Target Geometry, Test NNJPCB1
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4.4 Simulated Occupant

For test noNJPCB1, A Hybrid 1l 50"-Percentile Adult Male Dummy, equipped with
clothing and footwar, was placed in the lefront seat of the test vehicle with the seat belt
fastenedThe dummy, which had a finaleight of 161 Ib (73 kg), was represented by model no.
572, serial no. 451, and was manufactured by Android Systems of Carson, California. As
recommended by MASH 2009, the dummy was not included in calculating the c.g. location.

4.5 Data Acquisition Systems
4.5.1Accelerometers

Two environmental shock and vibration sensor/recorder sygstegne used to measure the
accelerations in the longitudinal, lateral, and vertical directi@wh accelerometers were
mounted near the c.g. of the test vehicle. The electroniteacnester data obtained in testing was
filtered using the SAE Class 60 and the SAE Class 180 Butterworth filter conforming to the SAE
J211/1 specificationslf].

The first accelerometerthe SLICE1 unit was a modular data acquisition system
manufactured by Diversified Technical Systems, Inc. (DTS) of Seal Beach, California. The
SLICE-1 unit was designated as the primary system. The acceleration sensors werd msiagiete
the body of a custorhuilt, SLICE 6DX event dateecorderand recorded data at 10,000 Hz to the
onboard microprocessor. The SLICE 6DX was configured with 7 GB ofvolatile flash
memory, a range of N500 ¢ga&lsG0HaCRCA000) hndliasingt e o f
fitker. T h e ASLI CEWar ebo computer software progr am
worksheet were used to analyze and plot the accelerometer data.

The second accelerometer system was aafmo piezoresistive accelerometgystem
manufactured by Endevco of San Juan Capistrano, California. Three accelerometers were used to
measure each of the longitudinal, lateral, and vertical accelerations indepeatlargshmple rate
of 10,000 Hz. The accelerometers were configured antiadlea using a system developed and
manufactured by DTS of Seal Beach, California. More specifically, data was collected using a
DTS Sensor Input Module (SIM), Model TDASEM-16M. The SIM was configured with 16
MB SRAM and 8 sensor input channels witt028 SRAM/channel. The SIM was mounted on a
TDAS3R4 module rack. The module rack was configured with isolated
power/event/communications, 10BaseT Ethernet and RS232 communication, and an internal
backup battery. Both the SIM and module rack were crashwort The ADTS TDAS (
computer software program and a customized Microsoft Excel worksheet were used to analyze
and plot the accelerometer data.

4. 5.2Rate Transducers

The firstangularrate sensor systemwhich wasmounted inside the body of ti$LICE-1
event dataecordey measured the rates of rotation of the test vehicle.SIHEE MICRO Triax
ARS hadarange of 1,500 degrees/sec in each of the three directions (roll, pitch, and yaw) and
recorded data at 10,000 l#zthe onboard microprocessor. The raw data measurements were then
downl oaded, converted to the proper Eul er ang
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computer software program and a customized Microsoft Excel worksheet were used to analyze
and pbt the angular rate sensor data.

The second angulaate sensor, the ARE500, with arange of 1,500 degrees/sec in each
of the three directions (roll, pitch, and yaw)easurd the ratef rotation of the test vehicl@he
angular rate sensor was mouhten an aluminum block inside the test vehicle neactheand
recorded data at 10,000 Hz to the DTS SIM. The raw data measurements were then downloaded,
converted to the proper Euler angles for anal
software program and a customized Microsoft Excel worksheet were used to analyze and plot the
angular rate sensdata.

4.5.3Retroreflective Optic Speed Trap

The retroreflective optic speed trap was used to determine the speedtestthehicle
before impact. Five retroreflective targetpaced at approximatehs-in. (457#mm) intervals
were applied to the side of the vehicle. When the emitted beam of light was reflected by the targets
and returned to the Emitter/Receiver, a signal wasteehe data acquisition computer, recording
at 10,000 Hz as well as the external LED baxtivating the LED flasheS.he speed was then
calculated using the spacing betweenrtteoreflective 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 determined from the electbatiz.

4.5.4Digital Photography

Five AOS highspeed digital video cameras, eighdPro digital video cameras, andotw
JVC digital video camerasvere utilized to film test noNJPCB1. Camera details, camera
operating speed&ns information, and schematic of the camera bt@nsrelative to the system
are shown in Figure 22. The high-speeddigital videos were analyzed using ImageExpress
MotionPlus and RedLake MotionScope software paogg. Actual camera speed and camera
divergence factors were considered in the analysis of theshigdddigital videos A Nikon digital
still camera was also used to document prel pat-test conditions for the test

30



T€

m]— wlw—83'—10" [25.6 m]——‘
AQS
®.cF #
*

#7

286'-3" [87.2 m]

GP #4 m]
i
25'=7" [7.8 m]
AOS #6 EiM i 2 ‘ 3 - :
NC # ,
e o mid | Overhead: !
133 m] )___Tglgh#q 63" 6" [19.4 m] g;bi?rd:
GP #6 GP #8
GP #£10 '

No. Type O?f? ;?ntlgg/ssgi‘)ed Lens Lens Setting
AOS5 AOS X-PRI Gigabit 500 VIVITAR 135mm Fixed -
AOS-6 AOS X-PRI Gigabit 500 Fujinon 50mm Fixed -
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JVC4 JVCi GZ-MG27u (Everio) 29.97

Figure22. Camera Locations, Speeds, and Lens Settings, TeStIRCB 1
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5 FULL -SCALE CRASH TEST NO. NJPCB-1
5.1 Weather Conditions
Test no.NJPCB1 was conducted on February 19, 2016 at approximately 1m5The

weather conditions as per the National Oceanic and Atmospheric Administratedion
14939/LNK) were repord and are shown ifable5.

Table5. Weather Conditions, Test NNJPCB1

Temperature 66° F

Humidity 24%

Wind Speed 16 mph

Wind Direction 280° from True North
Sky Conditions Sunny

Visibility 10 Statute Miles
Pavement Surface Dry

Previous 3Day Precipitation | 0.00in.

Previous 7Day Precipitation | 0.00in.

5.2 Test Description

The 5,013b (2,27-kg) pickup truckimpacted theNJDOT PCB Type 4 (Alternative B)
with a pinned configuratioand grouted toesorresponding to joint classi@ the2013NJDOT
Roadway Desig Manual at a speed of 62.6 mph (100.7 km/h) and at an angle of 24.7 degrees.
summary of the test results and sequential photographs are shdvigune 24. Additional
sequential photographs are showrfFigures25 and26. Documentary photographs dfe crash
test are shown iRigure27.

Initial vehicle impact was to occur 4ift3%16in. (1.3 m) upstream from the centerline of
the joint betweemarrier nos. 4 and 5, as showrFigure28, which wasselected usingable 2.6
of MASH 2009 The actual point of impaavas2 a i nmm) do@nktreanirom the target
location. A sequential description of the impact events is containtabie6. The vehicle came
to rest 193 fi 11 in.(59.1 m) downstrearitom theimpact pointand 9 fti 4 in. (2.8 m) laterally
away from the traffic sidef the barrier. The vehicle trajectory and final position are shown in
Figures24 and29.

Table6. Sequential Description of Impact Eventest NONJPCB1

TIME EVENT
(sec)
0.000 Ve hi ceft-feodt sorner impacted barrier noad4 ft i 1%16in. (1.25m)

upstream from centerline of joint between barries. dand 5.
0.04 Left corner of fronbumperdefornedinward

0.008 | Left headlight contacteap of barrier no. 4 andeformed
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0.020 | Downstream end ofasrier no. 4deflecedbackward
Vehicled Bood and grikk contactedront faceof barrier no. 4andbarrier
0.022
deformed
V e h i ceft-feoldt doorlcontactedownstreaniront face of barrier no.,4and
0.026
doordefornmed
0.038 | Vehicle yavedaway fromsystem.
0.044 | Vehicled airbags deplogd and upstream end of barrier no. 4 cextk
0.046 | Upstream end ofdrrier no. 5 defleetd backward
0.050 | Downstream end ofasrier no. 3 defleetd backward
0.058 Ve h i ceft-read door kcontactedownstream end of barrier ng.ahddoor
) deformed.
0.04 Downstream end ofdsrier no. 5 crackd
0.06 Center and upstream end @frber no. 5 crackd
0.068 | Upstream end of barrier no. 6 defledbackward.
0.084 | Downstream end of barrier ndspalled
0.088 | Center and downstream portwof barrier no. Spalled
0.092 | Upstream end dfarrier no.5 spaled
0.098 V e h i ceft-feolt svindlow shatterettom occupart bead,and vehicle rokd
' away from system.
0.110 |V e hi cdhtdrénstirerbecame airborne.
0.130 Upstream endoe on front side of barrier no.cfackedand large piece of
' concrete separated frabackside of barrier no. 5.
0.142 | Large piece of concrete separafiean downstream end of barrier no. 4.
0.192 |Ve hi ceftread tire cbntacted top of barrier no. 5.
0.200 | Left headlight detacheawayfrom vehicle.
0.204 | Vehicle was parallel to systeat a speedf 46.5mph (74.8km/h).
0.226 | Vehicle pitcleddownward.
0.278 | Vehicled gght-rear tire became airborne.
Vehicle became airborne and exited sységra speed of6.0mph (74.1km/h)
0.344
and at an angle &.2deg
V e h i ddhtdrénstirerregained contact with groumdth vehicle exhibiting
0.652 :
approximately33.8deg of roll.
0.990 |Ve hi ceft-feoidt sire regained contact with ground.
1.020 [V e hi ceft-feoit ire deparated from leftont rim.
1.050 Left-front wheel detached from vehicknd leftrear tire deflated
1.104 |Occupantds | eft apharcontacted vehi
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5.3 Barrier Damage

Damageto the barrier was moderate, as showFigures30 through35. Barrier damage
consisted of contact and gouge madksthe front face of th®CB segmentsspalling ofthe
concrete, ad concrete cracking and fractufiéhe length of vehicle contact along therrierwas
approximately 19 ft 4% in. (59 m), which anned fron# fti 2% in. (1.3 m) upstream from the
center of the joint between barrier nos. 4 anldréughl5 ft1 2 in. (4.6 m) downstream from the
center of the joint between barrier nos. 4 and 5.

Tire marks were visiblen the front face of barrier so4 and5. Scrape marks were also
found on the front and top faces of barrier @band5. The raffic-side grout between barrier nos.
3 and 4wasdisplaced ¥in. (6 mm) laterally towardackside. Grout between barrier nos. 4 and 5
hadcrumbled. A 26Y+in. (667-mm) long crackon the front facextenedfrom the upstream end
to the toe of barrier no. 4An 18/xin. (464mm) long crackon the front face of barrier no. 4
extendedrom thedownstream end to anchor pocket @dBarrier no. 5 was fractured frotap to
bottom at 60zin. (1,53-mm) downstream from the upstream eAd32%in. (832mm) long
crack was found othefront face of barrier no. Beginningatthe bottom ofanchor pocket no. 3.
A 15%in. (394mm) long cracknear the bottom on the back side of barrier no. 5 was
approximately31-in. (787-mm) downstreanfrom the upstreamend A 32%2in. (826-mm) long
crack onthebacksideof barrier no. fextenad verticallyfrom anchor pocket no. 4. Minor cracks
were found onlte back gle of barrier no. 6. A2-in. (64-mm) long vertical crack was found at
the corner of the upstream connection kegksb on barrier no. 6. A 1. (406mm) long crack
was foundon the upstrea end ofthe backface of barrier no. 6Anchor pin nos2, 6 and 7n
barrier no. Svere bentandthe concrete around thogen anchorsvere cracked

Concrete spalling occurred on barrier nos. 3 through&in. x 2%in. x ¥#in. (51-mm x
64-mm x 6mm) concretepiecedisengaged from barrier no. 3 at the lowestream corner on the
front face A 2O x 1%i n . -inl (73dnm x 38mm x 3mm) piece of concrete was removed
from the uppedownstream end of barrier no.@oncrete spalling of 52%. x 11%2in. x 4% in.
(1,327 mm x 292 mm x 121 mm) aadn  4An1(E83mm) longcrackoccurred at the loweront
upstreanctornerof barrier no. 4The front side of barrier no.ekperienced concrete spalliBgY4
in. x15in. x 10% in (768 mm x 381 mm x 273 mm) at the lower detweam cornerA 4%+in. X
5%i n . -inx(10&mm x 140mm x 16mm) piece of oncrete was removed from the upper
downstream corner of barrier no. 4 below the connection key socket. Minor spalling occurred
below the connection key socket on thiwnt-upstrean end of barrier no. 5. Concrete spalling
occurred on the back side of barrier no. 5 at the upstream end from top to bhoter24in. (610
mm) long piece was removeahich expogdthe connection key socket tube. @wete spalling,
measuringl64d2en.i nl. 3le i n. ( m)o&dredbriowithe Fa@tredmm |
section on the back side of barrier noCbncrete spalingne as ur i ng 6 nha ihnlal 9
(1,705 mm x 232 mm x 2fnm) occurred at thbacksidedownstream end of barrier ng. The
back side of barrier no. 6 experienced concrete spalling at the-ttowarstream corner and near
the middle of the barrier.

The maximunpermanent sedeflectionof the barrier system wa&/4in. (159mm) at the
downstream end of barrier no. 4, as megad in the fieldThe maximum lateral dynamic barrier
deflection, includingminortipping of the barrier along the top surface, W8sin. (343mm) at
the upstream end of barrier no. 5, as determined fromdpghddigital video analysis. The
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working width of the system was found to Bé.5in. (953mm), al® determined from higkpeed
digital video analysisA schematic of the permanent skflection dynamic deflection, and
working widthis shown inFigure 23. In addition, NDOT identifiesthe clear space behind the
barrier, whichis defined as the maximum deflection of the back of the barrier from its original
position. For this test, the clegpace behind the barrier was 13.5 in. (343 mm).

DYNAMIC DEFLECTION
13.5” [343 mm]

FINAL Y j

POSITlON\

DYNAM IC \

O\/EM ENT,

INITIAL
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TRAFFIC
SIDE \
\
% \
\ \
\ \
\ \
N %
N\ N\
( ( 3 3
| P P e | |
. N

PERMANENT SET
67" [159 mm]

- -

WORKING WIDTH
37.5” [953 mm]

| ———————————

Y

Figure23. Permanent Set DeflectioBynamic Deflectionand Working Width;Test No.
NJPCB1

5.4 Vehicle Damage

The damage to the vehicle wasoderate as shown inFigures 36 through 40. The
maximum occupant compartment deformations are list&thble 7 along with the deformation
limits established iMASH 2009for various areas of the occupant compartmidote that none
of theMASH 2009established deformation limits were violat€bmplee occupant compartment
and vehicle deformations and the corresponding locations are providegendix E
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The majority of thedamage was concentrated on the fedint corner and left side of the
vehicle where the impa¢tadoccurrel. The left side of the bumperushed inward. The plastic
bumper portion separated from the left side lagwk toward the right side tdievehicle. The hood
separatedrom theright fender. Thedft-front fender was deformedid. (102 mn) inward towad
the engine compartment. Ai. x 3in. (51-mm x 76mm) dentwas foundon the rear of the left
fender approximately 1. (483 mn) from the bottom othe fender. Denting, scrapin@nd
gouging were observed on the entire left ©iflehe cab.Gouging andcontact marks were found
at the bottom othe left-front door, starting fronthe front of the door and extendingid. (102
mm) backward Scrapingwas foundat the bottom ofhe left-front door, extending 21%n. (546
mm) toward the rear of the do@ontact marksvere foundontheleft-reardoor, starting fronthe
front of the keft-rear doo and extending 1. (381 mn) backward The leftfront headlight ad
tire disengaged from the vehicle.tear was found on the lefear tire extending frorthe outer
side wall throughhetread and twehirds of theway aroundhetire. A 15in. x 5in. x 1-in. (381-
mm x 127mm x 25mm) dent extenddfrom theleft edge dthe front bumper and 3 in. (#6m)
from the bottom of the bumper. AiB. x 2in. x Yin. (76émm x 52mm x 6mm) dert was found
11in. (279 mn) from the left edge of thbottom of thefront bumper.

The lowerleft control arm was scraped and crushed. [Efefront lower control arm had
a 2%:in. (64mm) tear on the leading edge approximately 5% in. (140 mm) from the lower ball
joint. The leftfront wheel and hub were disengaged. The brake disk disengaged from the overall
assembly but remained attach&te rear transmission and rear axle were shifted toward the right
of the vehicle. Scrape marks were found on the exhaust Pigeleftfront sidewindow glass
shattered. The roof remained undamagéte windshield had 30n. (762mm) diameteispider
web agacking and an additional crackextending from the spideveb crackto the leftbottom
corner

Table7. Maximum Occupant Compartment Deformations by Location

MAXIMUM ALLOWABLE
LOCATION DEF_ORMATION DEEORMATION
in. (mm) )
in. (mm)
Wheel Well & Toe Pan e (117) 09 (229)
Floor Pan & Transmission Tunnel 1%4(32) 012 (305)
Side Front Panel (in Front of-Rillar) Y4 (6) 012 (305)
Side Door (Above Seat) ¥ (19) 09 (229)
Side Door (Below Seat) Y4 (6) 012 (305)
Roof Y5 (13) 04 (102)
Windshield 0 (0) O 3 (76)
Shattered due to | No shattering resulting fron
Side Window contact wi contact with structural
head member of test article
Dash Y (13) N/A

N/A T Not applicable
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5.5 0ccupant Risk

The calculated occupant impact veites (OIVs) and maximum 0.0i€ec average
occupant ridedown accelerations (ORAS) in both the longitudinal and lateral directions are shown
in Table8. Note that the OIVs and ORAs wengthin suggested limitsasprovided inMASH
2009 The calculated THIV, PHD, and ASI values are also showirable8. The results of the
occupant risk analysis, as determined from the accelerometer data, are summéigeck 2v.

The recorded data from the accelerometers and the rate transducers are shown graphically in
Appendix F

Table8. Summary of OIV, ORA, THIVPHD, and ASI Values, Test NDLJPCB1

Transducer
. o MASH 2009
Evaluation Criteria SL_ICE—l DTS Limits
(Primary)
oIV Longitudinal -14.27 (4.35) -14.53 (4.43) +40 (12.2)
ft/s (m/s) Lateral 19.33 (5.89) 17.38 (530) +40 (12.2)
ORA Longitudinal -9.97 -9.24 +20.49
gos Lateral 7.17 8.53 +20.49
MAX. Roll -39.9 385 75
ANGULAR :
- +
DISPL. Pitch 12.8 105 +75
deg. Yaw 36.0 37.1 not required
THIV 23.49(7.16) 21.75 (6.63) not required
ft/s (m/s) ' ' ' '
PHE) 10.23 10.20 not required
gbs
ASI 1.23 1.13 not required

5.6 Discussion

The analysis of the test results showed that the system adequately contained and redirected
the 2270P vehicle with controlled lateral displacements of the babDetached elements,
fragmentsor other debris from the test article did not penetrate or shaanipaltfor penetrating
the occupant compartment, or present an undue hazard to othey pedigstrians, or workone
personnelDeformations of, or intrusions into, the occupant compartment that could have caused
serious injury did not occur. The testhicle did not penetrate nor ride over the barrier and
remained upright during and after the collision. Vehicle roll, pitch, and yaw angular displacements,
as shown inAppendix F were deemed acceptable because they did not adversely influence
occupant risk safety criteria nor cause rollover. After impact, the vehicle exited the barrier at an
angle of 9.2 degreeand its trajectory did not violategtbounds of the exit box. Therefore, test
no.NJPCB1 was determined to be acceptable according td#A8H 2009safety performance
criteria for test designation no-13..
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NUMbEr Of PINS PO BAITIEN.....cciuiiieiiiieciiieeceeeiie et tree et 9 Evaluation Criteria SLICE-1 DTS MAfiI;!m%OOQ
PiNned BarfielNOS. ........ccoooiiiiiie e 1,3,5,7,9,and 10 (Primary)
T Key Component Grout o Longitudinal | -14.27 (-4.35) | -14.53 (-4.43) | +40 (12.2)
Specification............cccoveeeennnd Min. 1-day compressive strength 1,000 psi (6.9 MPa) ft/s
Location.................. Toes at joints between barrier nosL@ on traffic and back sides (m/s) Lateral 19.33 (5.89) 17.38(530) +40 (12.2)
T Type of SUPPOIBUIMACE...........eeiiiiieiiii e Concrete Tarmac ORA Longitudinal -9.97 -9.24 +20.49
1 Vehicle Make /Model...........ccccevrniiiiienns 2010 Dodge Ram 150fuad cab pickup truck gobs Lateral 7.17 8.53 +20.49
CUIDL ettt e 5,229 Ib (2,372 kg) R
Test Inertial.. 5,013 Ib (2,274 kg) AN AR Roll 399 385 =
GIOSS SEALC. ......vvveiceesee e 5,174 Ib (2,347 kg) DISPL. Pitch -12.8 10.5 +75
1 Impact Conditions deg. Yaw 36.0 37.1 not required
62.6 mph (100.7 km/h) THIV
24.7 deg fi/s (ms) 23.49 (7.16) 21.75 (6.63) not required
Impact Location............cccceeeveeeiiieenecnne. 49Y,6in. (125 m) upstreanfrom joint 4-5 PHD
1 114.9 kipft (155.8 kJ) > 105.6 kit (143.1 kJ) limit in MASH2009 A 10.23 10.0 not required
1 Exit Conditions gos
SPEEM. ..ttt 46.0 mph (74.1 km/h) ASI 1.23 113 not required

................... 9.2 deg

Figure24. Summary of Test Results and Sequential PhotographsNoestIPCB 1
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Figure25. Additional Sequential Photographs, Test NGPCB1
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Figure26. Additional Sequential Photographs, Test NGPCB1
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Figure27. Documentary Photographs, Test NOPCB1
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Figure28. Impact Location, Test NNJPCB1
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