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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 be referred to as portaldencrete
barrier (PCB), with a vertical;beam connectiopin to attach barriers end to end viitkheir work
zones and construction areas. P43 NJDOTRoadway Design Manugl] provides 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 shawable?2.

Tablel. 2013NJDOT Roadway Design Manual PCB Guidapftie

Joint Class| Use Joint Treatment

Allowable movement over 16 tc :

A . Connection Key only
24 inches

B Allqwable movement over 11 tq Connection Key and grout in every joint
16 inches
Allowable movement of Qonnectlon Key and grout in every joint ar

C . pin every other unit. In units to be anchore
11 inches . S

pin should be required in every recess

D No allowable movement Connection Key and grout in every joint ar|

(i.e., bridge parapet) bolt every anchor pocket hole in every unit

Table2. Current 2015NJDOT Roadway Design Manual PCB Guidaf2e

Connection Use Joint Tieatmernt
Type
A Maximum allowable deflection of| Connection Key and barrier end sections
41 inches fully pinned
Maxlmum allowable deflectlor_l of ConnectionKey 606 by 60 t
B 28 inches (Cannot be used with barrier end sections fully pinned
traffic on both sides of the barrier, yp
. : 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 (FB) criteria of theManual for Assessin@afety HardwareSecond
Edition (MASH 2016) [3] has indicated that dynamic barrier deflections can increase significantly
when compared tadynamicdeflections based on older crash test data. Thus, a need exists to

1
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investigate the performance of the NJDOT P§Btemin various configurationsn orderto
provideupdateddesign guidancéfhe NJDOT PCB standard plans are showAppendix A

1.2 Objective

The objective of thisresearch effort was tevaluae the safety performance 6fJ DOT 6 s
PCB, Type 4 (Alternative B)with a backside pinned configuration and grouted toes
corresponding to connection type C in the 2015 NJIRoadway Design Manualhe system
wasto beevaluated according to the Test Level 3 {3)Lcriteriaset forth inthe Manual for
Assessing Safety Hardwai®econd EditiofMASH 2016 [3].

1.3 Scope

The research objective was achieved through completion of several@askfullscale
crash test was conducted the PCB gstemaccording taMASH 2016test designation no-B1.
Next, the fullscale vehicle crash test results were analyzed, evaluated, and documented.
Conclusions and recommendations were then made pertaining to the safety performance of the
PCB system.
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2 TEST REQUIREMENTS AND EVALUATION CRITERIA

2.1 Test Requirements

Longitudinal barriers, such aBCBs must satisfy impact safety standards in order to be
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 guidelinesand procedures published MASH 2016 [3]. Note that there is no difference
between MASH 20094] and MASH 2016 for most longitudinal barriers, such as the PCB system
tested in this project, except that additional occupant compartment deformation measurements are
required by MASH 2016According to TL-3 of MASH 2016 longitudinal barrier systems must
be subjected to two fulicale vehicle crash teses summarized iftable 3. However, only the
2270P crashest 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 2016TL-3 Crash Test Conditions for Longitudinal Barriers

Test Test Test \\//Veeri]gigcr:? Isr?)gg(c:lt T Evaluation
article | OSSP | venicle | b | mpn | AN | 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. 706%B, a rigid, Fshape concretebridge rail was successfully impacted by a
small car weighig 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 (AASHGD)de
Specifications for Bridge Railind$-6]. In the same manneest nos. CMB5 through CMB10,
CMB-13, and 4794 showed thatgid, New Jerseyconcretesafety shape barriers struck by small
cars have been shown to meet safetygquardnce standardg-B]. In addition, intest no. 2214NJ1,
arigid, New Jersey¥zsection, concretsafety shape barrier was impacted by a passenger car
weighing 2,579 |b (1,170 kg) at 60.8 mph (97.8 km/h) and 26.1 degrees according te3he TL
standards set forth in MASH 2009 [ Furthermore, temporayiew Jersey safety shamencrete
median barriers have experienced only slight barrier deflections when impacted by small cars and
behae similarly to rigid barrieras seen in test no. 4¥0]. As such, the 1100C passenger car test
was deemedot critical for testing and evaluatjrthis PCB system.

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 thsherorthiness of the barrier system.
However, the recent switch to new vehicle types as part of the implementation of the MA&SH 20
criteria and the lack of experience and knowledge regarding the performance of the new vehicle
types with certain types ofahdware could result in unanticipated 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 MASIS &@teria.

2.2 Evaluation Criteria

Evaluationcriteria for fullscale 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 intendecevaluge the ability of thd?CB systemto 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
vehide trajectory is a measure 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 evaluatiberia are summarized ifable4 and
defined in greater detail IMASH 2016 The fulkscale vehicle crash test documented herein was
conducted andeported in accordance with the procedures provid®&tABH 2016

In addition to the standard occupant risk measures, thellRpatt Head Deceleration
(PHD), the Theoretical Head Impact Velocity (THIV), and the Acceleration Severity Index (ASI)
were deternmed and reported. Additional discussion on PHD, THIV and ASI is provided in
MASH 2016
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Table4. MASH 2016Evaluation Criteria for Longitudinal Barrier

Structural
Adequacy

A.

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

Occupant
Risk

Detached elements, fragments or other debris from the rgde
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
occupant compartment should not excastt$ set forth in Sectiol
5.2.2and Appendix E oMASH 2016

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, Sectkin2.2 of
MASH 2016for 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 Ridedowrcceleration (ORA) (see Appendix A
Section A52.2 of MASH 2016 for calculation procedure) shou
satisfy 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 installationconsistedof ten 20ft (6.1-m) long NJDOT RCBs with a backside
pinned configuratiomnd grouted toeass shown irFiguresl throughl4. This systenusesNJDOT
barriers Type 4 (Alternative Byvith connection type Cas specifieth the 2015 NJDORoadway
Design ManualPhotographs of the test installation are showRigures15 throughl8. Material
specificationsmill certifications, and certificates of conformity for the system materials are shown
in Appendix B

The concretenix for the barrier sectiomgqureda 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 ASTOM5Grade 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 shown irFigures5 and6.

The barrier sectionsere connected with connection key, as shownkigures? through
11and16. The connection key assembly consisted-oh%£13mm) thick, ASTM A36 steel plates
welded together to form the key shapeconnection socketvas configured at each end tbie
PCBsection, as shown iRigures 2, 15, and16. The connection socketonsisted othree ASTM
A36 steel platesvelded on the sides @n ASTM A500 Grade B or Csteel tubeas shown in
Figures9 and10. The connection key was inserted into the steel tubes of two adjoR@Rsto
form the connection, ashown inFigurell.

Barrier nos.1 and 10 wereanchoredo theconcretetarmacon the traffic side andback
side, while barrier nos. 2 through 9 were amrad to the concrete tarmaa the back side only.
All anchoredarriers were anchoreldrough the pin anchor recessath 1-in. (25mm) diameter
by 15in. (382mm) long, ASTM A36 steel pinmserted into 1%n. (322mm) diameter hokein
the concrete tarmaas shown irFiguresl, 12 and17. The steel pins were embedded to a depth
of 5in. (127 mm), as shown Figurel. During installation, the barrier segments were pulled in a
direction parallel tdheir longitudinal axes, and slack was remov&@m all joints. After slack was
removed from all the joints, 4. (32mm) diameter holes were drillddr pin anchors at pin
recesslocatiors. Five samples of concrete tarmac were tested from five different locations of
MWRSFO&6s Out ddhlercondretestarntalad @ eompressive strengtngingbetween
5,97 and 7040 psi (4.2and 48.5 MPa), as shownAppendix C Non-shrink grout wedges were
placed at the toe of each barrier segnieetery jointbetweeradjacent barrier segmerts both
traffic and back sidess shown ifriguresl, 2, and18. The grout wedges consisted ajr@utmix
with a minimum 1day compressivstrength of 1,000 psi (6.9 MPa)
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Notes: (1) Place 1” [25] diameter steel pins (Part a2) into
every pin anchor recess (9 each) of barrier segments 1
and 10; and into every non—traffic side pin anchor
recess (4 each) of barrier segments 2 through 9.

(2) Place grout wedges (Part el) at the toe of each
barrier segment between adjacent barrier segments in
every joint.

(3) Test shall be performed according to test
designation no. 3—11 of MASH.

(4) The critical impact location is 51 3/16" [1300]
upstream from the centerline of the joint between
barrier nos. 4 and 5.

(5) NJDOT Precast Concrete Curb and Construction
Barrier curb will be referred to as Portable Concrete
Barrier (PCB).

(6) The system is NJDOT Type 4 (Alternate B) barrier
corresponding to connection type C in the 2015 NJDOT
Roadway Design Manual.
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BILL OF BARS

ITEM NO. QTY. BAR SIZE UNBENT LENGTH MATERIAL SPEC.
a2 50 ®1" [25] 15” [381] ASTM A36
b1 80 #4 [13] 59" [1499] ASTM A615 Gr. 60
b2 20 #6 [19] 6" [152] ASTM A615 Gr. 60
b3 20 #6 [19] 14" [356] ASTM A615 Gr. 60
b4 90 #4 [13] 37" [940] ASTM A615 Gr. 60
b5 40 #6 [19] 19°—0” [5791] ASTM A615 Gr. 60

Note: (1) Quantities in Bill of

N

- —37[76]

147[356]
S——

Part b3

r‘s“[15z]«‘

—
Part b2

13 1/2"[343] 1= e]
L1o"[254]‘-l
Part b1 4"[102]
Part b4 Part: a2

' 228"[5791] Y |
| | ]

Lr L
L ral 1 ]

| |

Part b5

Bars represent a system with ten barriers.
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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 o 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 respeonsibility 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” [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].

O AR50 =

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
segment in all non—traffic side anchor pin recesses, and pin both end segments in every anchor pin recess.

SHEET:
NJ Pinned Portable -
Concrete Barrier TS
Test NJPCB—-6 10/30/2018
. ! Nt EEE
. . enera otes
Midwest Roadside BT
Sofety Focility DWG. NAME. SCALE: None |REV. BY:
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Figurel3. General NotesTest NoNJPCB6
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1,000 psi [6.9 MPq]

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 MPd] -

a2 50 |1” [25] Dia., 15" [381] Long Steel Anchor Pin ASTM A36 ASTM A123%
b1 80 [1/2" [13] Dia., 59” [1499] Long Bent Rebar ASTM A615 Gr. 60 -

b2 20 |3/4” [19] Dia., 6" [152] Long Rebar ASTM A615 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" [5791] Long Rebar ASTM A615 Gr. 60 =

e 20 |47x47x1/2" [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 -

c3 20 |34 1/2"x2"x1/4” [876x51x6] 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 -

el 1 |Non=Shrink Grout Min. 1—day Compressive Strength _

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

Midwest Roadside
Safety Facility
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Concrete Barrier OATE:
Test NJPCB—6 10/30/2018
DRAWN BY:
Bill of Materials JEK/NES
DTM/ MBI
DWG. NAME. SCALE: None REV. BY:
NJPCB-6_RS UNITS: In.[mm]|<AL/UEK

Figurel4. Bill of Materials, Test NONJPCB6
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Figure1l5. NJDOT PCBwith BackSide Pinned Configuratioand Groued ToesTest
Installation, Test NONJPCB6
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Figurel6. PCBConnection Key an@onnectiorSocket, Test NONJPCB6
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Figurel7. PCBBackSidePin Ancho Recesseslest No.NJPCB6
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Figurel8. Groutat ToesBetweenPCBs Test No.NJPCB6
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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 appsomately5 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 thedyatesr. 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 to thaght-front wheel and the guide cable, was sheared off before impact
with the barrier system. THg-in. (9.5mm) diameter gide 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 was towed down thiee, the guiddlag struck and knocked each stanchion to the ground.

4.3 Test Vehicle

Fortest noNJPCRB6, a2009Dodge Ranil500crewcabpickup truckwas used as the test
vehicle. The curb, test inertial, and gross static vehicle weights5)22& Ib (2,368 kg), 5,000 Ib
(2,268 kg), and 5,15® (2,34 kg), respectively. The test vehicle is showrrigures19 and 20,
and vehicle dimensions are shownFigure21. Note thatpre e st phot ographs of
undercarriage are not available.

The longitudinal component of the center of gravity (c.g.) was determined using the
measured axle weights. Theuspension Method1P] was used to determine the vertical
component of the c.dor 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 suspended successively in three positions, and the respective planes gah&inig. 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 Figl2&snd22. Data used to calculate the
location of the c.gand ballast information are shownAppendix D

Square, blackand whitecheckered targets were placed on the vehicle for reference to be
viewedfrom the highspeed digital video cameras and aid in the video analysis, as shbigara
22. Round, checkered targets were placed on the c.gedeftiside door, 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 aloting guide cable. A 5B
fl ash bul b was mo u n tsidedvindshiedldeviper &ankd was fired vy aplessioes | e
tape switch mounted at the impact corner of the bumper. The flash bulb was fired upon initial
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impact with the test article to create iaual indicator of the precise time of impact on the high
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.

WWWRSEF

Figurel19. Test Vehicle, Test N&WNJPCB6
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Date: 6/2/2017 Test Name: NJPCB-6 VIN No: 1D3HB13T69S750827
Year: 2009 Make: Dodge Model: Ram 1500 Hemi
Tire Size: 265/70R17 115 Tire Inflation Pressure: 35 Psi Odometer: 171070
Vehicle Geometry - in. (mm)
- ‘ Target Ranges listed below
—l— ______ J (I ‘r
n " a: 761/2  (1943) b: 743/8  (1889)
t  Wheel Wheel o 78%2 (1950+50)
Track Track
j c: 2301/8 (5845) d: 493/8 (1254)
i = — l 23713 (6020+325)
e 1401/8 (3559) f: 397/8 (1013)
Test Tnertial CM. 148+12 (3760+300) 39+3 (1000£75)
g: 28 5/8 (727) h: 6011/16 (1541)
9—]—TIRE A min: 28 (710) 63+4 (1575+100)
" *'T’FELPD“‘ i 12 (305) | 24 (610)
b l k: 201/8 (511) I: 2912 (749)
g o
T ENN)
i k O st O/ P l m: 661/4 (1683) n:_ 68 (1727)
! * t 6715 (1700£38) 67+1.5 (1700£38)
h 0: 451/2 (1156) p: 412 (114)
43+4 (1100£75)
d e £ —=
q: 311/2 (800) r:_183/8 (467)
vwrenr wFronv
c s: 141/8 (359) t 777/8 (1978)
Wheel Center
Mass Distribution Ib (kg) Height (Front): 15 (381)
Wheel Center
Gross Static LF 1465 (665) RF 1466 (665) Height (Rear): 15 (381)
Wheel Well
LR 1121 (508) RR 1107 (502) Clearance (Front): 4 7/8 (124)
Wheel Well
Clearance (Rear): 7 7/8 (200)
Weights Bottom Frame
b (kg) Curb Test Inertial Gross Static Height (Front): 9 1/2 (241)
Bottom Frame
W-front 2937 (1332) 2834 (1285) 2931 (1329) Height (Rear): 26 1/8 (664)
W-rear 2284 (1036) 2166 (982) 2228 (1011) Engine Type: Gasoline
W-total 5221 (2368) 5000 (2268) 5159 (2340) Engine Size: 5.7L
5000+110 (2270£50) 5165+110 (2343%50)
Transmission Type: Automatic
GVWR Ratings Ib Dummy Data Drive Type: RWD
Front 3700 Type: Hybrid 1l Cab Style: Crew Cab
Rear 3900 Mass: 159 1b Bed Length: 67"
Total 6800 Seat Position: Driver
Note any damage prior to test: none

Figure21. Vehicle Dimensions, Tedto. NJPCB6
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Date: 6/2/2017 Test Name: NJPCB-6 VIN:  1D3HB13T69S750827
Year: 2009 Make: Dodge Model: Ram 1500 Hemi
'd T Ty
] H
|
' D
B R B " s RO "
——F
\ I I J’ J
A B C
M A 1
e (O)= 0 L
H I
TARGET GEOMETRY-- in. (mm)
A 82 1/4 (2089) E: 54 1/8 (1375) J: 39 5/8 (1006)
B: 36 1/4 (921) F: 54 1/8 (1375) K: 28 5/8 (727)
C: 72 3/8 (1838) G: 36 1/8 (918) L: 42 3/8 (1076)
D: 48 (1219) H: 60 3/4 (1543) M: 64 7/8 (1648)
| 80 1/4 (2038)

Figure22. Target Geometry, Test NNJPCB6
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4.4 Simulated Occupant

For test noNJPCB6, A Hybrid 1l 50"-Percentile, Adult Male Dummy, equipped with
clothing and footwear, was placed in the -fefint seat of the test vehicle with the seat belt
fastened. The dummy, which had a final weight of 159 |b (72 kg), was represented by model no.
572, serial no. 451, and was manufactured by Android Systems of Carson, California. As
recommended bMASH 2016 the dummy was not included in calculating the logation.

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 g.of the test vehicle. The electronic accelerometer 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 two systems, the SLICEand SLICE2 units,weremodular data acquisition systems
manufactured by Diversified Technical Systems, Inc. (DTS) of Seal Beach, California. The
SLICE-2 unit was designateas the primary system, based on mounting location. The acceleration
sensors were mounted inside thadiesof custombuilt, SLICE 6DX event data recorders and
recorded data at 10,000 Hz to the onboard microprocessor. Each SLICE 6DX was configured with
7GBofnonvol atile flash memory, @f10,00Hzeandlf650N500 ¢
Hz (CFC 1000) artaliasing fiterr The A SLI CEWared computer soft
customized Microsoft Excel worksheet were used to analyze and plot the avetterdata.

4 5.2Rate Transducers

Two identical angular ratesensor systemsvhich weremounted inside the bodies of the
SLICE-1 and SLICE2 event data recorderaeasurdthe rates of rotation of the test vehid@ch
SLICE MICRO Triax ARS had a range of 1,500 degrees/sec in each of the threttods€dcoll,
pitch, and yaw) and recorded data at 10,000 Hz to the onboard microprocessors. The raw data
measurements were then downloaded, converted to the proper Euler angles for amalysis,
pl otted. The ASLI CEWaredo computer software p
worksheet were used to analyze and plot the angular rate sensor data.

4.5.3Retroreflective Optic Speed Trap

The retroreflective optic speed trap wased to determine the speed of testvehicle
before impact. Five retroreflective targets, spaced at approximataty. {8&7mm) intervals,
were applied to the side of the vehicle. When the emitted beam of light was reflected by the targets
and returnedo the Emitter/Receiver, a signal was sent to the data acquisition computer, recording
at 10,000 Hz, as well as the external LED box activating the LED flashes. The speed was then
calculated using the spacing between the retroreflective targets anmehaetween the signals.
LED lights and highspeed digital video analysis are only used as a backup in the event that vehicle
speeds cannot be determined from the electibatia.
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4.5.4Digital Photography

Five AOS high-speed digital video cameraadelevenGoPro digital video cameras were
utilized to film test noONJPCB6. Camera details, camera operating speeds, lens information, and
a schematicfathe camera locations relative to the system are showigure23.

The highspeed digital videos were analyzed usingEMA Motion and RedLake
MotionScope software programs. Actual camera speed and camera divergence factors were
considered in the analysis of the higipeeddigital videos. A Nikon digital still camera was also
used to document prand pattest conditions for the test
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A0S #7

&GP #7

AOS #8 1w 24'—1" [7.3 M]—wjwe—78'—4" [23.9 m]— =] _
GP #8
MM 20'—4" [6.2 m]—w] Onboard:
Fe & i
57" [17.4 m]
28'-7" [8.7 m]
Overhead 27'-5" [8.4 m]
1 2 3 5 6 7 8 9 10
E‘AOS##G = = w0 % ight: 64'5" [19.6 m] AOS##S’E
GP 3 vernea eignt . m GP 4
- 3-5" [1.0 m]j ﬁ’ AoS s -
' GP #16 GP #9 29’ [8.8 m]
121" [3.7 m]—mCP #10 L 42'-3" [12.8 m] l
} 113’ [34.4 m] |
ﬁ GP #15
- 302'-7" [92.2 m] {
No. Type O?f? ;ﬁgglsse%(;ed Lens Lens Setting
AOS5 AOS X-PRI Gigabit 500 VIVITAR 135mm Fixed -
AOS-6 AOS X-PRI Gigabit 500 Fujinon 50mm Fixed -
AOS7 AOS X-PRI Gigabit 500 Fujinon 35mm Fixed -
AOS-8 AOS SVIT 1531 500 KOWA 25mm Fixed -
AOS9 AOS TRRFVIT 2236 500 KOWA 12mm Fixed -
GP-3 GoPro Hero 3+ 120
GP4 GoPro Hero 3+ 120
GP-6 GoPro Hero 3+ 120
GP-7 GoPro Hero 4 240
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

Figure23. Camera Locations, Speeds, and Lens Settings, TeSIRCB6
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5 FULL -SCALE CRASH TEST NO. NJPCB-6
5.1 Weather Conditions
Test noNJPCB6 was conducted odune 22017 at approximately 15p.m. The weather

conditions as per the National Oceanic and Atmospheric Administration (station 14939/LNK)
were reported and are shownTiableb.

Table5. Weather Conditions, Test NNJPCB6

Temperature 87° F

Humidity 36%

Wind Speed 13 mph

Wind Direction 200¢° from True North
Sky Conditions Sunny

Visibility 10 Statute Miles
Pavement Surface Dry

Previous 3Day Precipitation | 0.00 in.

Previous 7Day Precipitation | 0.42in.

5.2 Test Description

The 5,000b (2,268kg) pickup truck impacted thdJDOT PCB, Type 4 (Alternative B)
with abacksidepinned configuratiomnd grougéd toescorresponding to connection type C in the
2015 NJDOTRoadway Design Manugt a speed of 62.9 mph (101.3 km/h) and at an angle of
25.1degreesA summary of the test results and sequential photographs are shéwguia25.
Additional sequential photographs are shown in FigResnd27. Documentary photographs of
the crash test are shownkigure28 through31.

Initial vehicle impact was to occur 4ift3%16in. (1.3 m) upstream from the centerline of
the joint between barrier nos. 4 and 5, as showigare32, which was selected using Tabl& 2.
of MASH 2016 The actual point of impact wd&s% in. (140mm) downstreanfrom the target
location. A sequential description of the impact events is containtabie6. The vehicle came
to rest205 fti 3in. (62.5m) downstreanfrom the impact poinand21 fti 2 in. (6.4m) laterally
behindthe traffic sideof the barrier after brakes were applied@ihe vehicle trajectory and final
position are shown in Figes25and33.

Table6. Sequential Description of Impact Eventest NoONJPCB6

-I;!\élf) EVENT

0.000 |V e€hi ceft-feolt sornkr impacted barrier noad3 ft i 916in. (1.2m)
' upstream from the centerline of joint between barriar A@and 5.

0.002 |V e hi ceft-feoiit Bumper contacted barrier no. 4.

0.04 Left corner of fronbbumperdeformedinward

0.008 |V e hi ceft reé@dbght contactedp of barrier no. 4
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0.012 |V e hi ceftfendles cohtacted barrier no. 4 and deformed.

0.014 |Vehi cl e6s hoedandgtlledefdrmedg ht ,

0.02 Downstreanend of larrier no. 4deflecedbackward

0.034 Vehicleds front b umpestreanc enchdf zacidr eod5 |
' deflected backward.

0.038 Upstream end of barrier no. 4 spalled. Vehicle yawed away from system.

0.040 | Barrier nos. 4 and &lled backward.

0.044 | Vehicled airbags deplogd

0046 |[Vehi cl ebs wi fransaibagedeptbyment.a ¢ k e d

0.054 | Vehicle pitched upward ancdehicle rolled away from system.

0.062 | Downstream end of barrier no. 5 spalled.

0.064 |V e hi ceft-feodt dooricontacted barrier no. 4 and deformed.

0.084 | Upstream end of barrier no. 3 spalled

0.088 |V e hi ceftfendles cohtacted barrier no. 5.

0.098 |V e hi ceft-fenidt doorlcontacted barrier nG.

0.100 | Midspan of barrier no. 5 spalled. Midspainbarrier no. 4 fractured.

0.120 | Barrier no. 6 deflectedackward.

0.138 | Barrier no. 7 deflected backwaadn d v e ight-fcoht &ré lsecame airborne.

0.160 |V e hi ceft-read tge cbntacted barrier no. 4.

0182 |Vehicl ebs rear bumper def or med.

0.194 |V e hi ceft eeédbght disengaged.

0.228 Vehicle was parallel to system at a speed®8mph (76.9km/h).

0.276 |V e hi cdhtedarsire became airborne.

0.282 | Vehicle pitched downwardnd tarrier no. 4 rolledoward traffic side of system

0.298 |V e hi ceft-feoidt ire decame airborne.

0.398 V e h i ceft-read tire became airborne. Vehicle exited system at a sp&é&dof
' mph (75.4km/h) and at an angle 8f0 degrees.

0.610 |V e hi cdhtdronstirerregained contact with ground.

0.640 System came to rest.

0.720 | Vehicle rolled toward system.

0.744 |V e hi cronebdngper tontacted ground.

0.752 | Vehicle pitched upward.

0.970 |V e hi cdhtdrénstirerbecame airborne.

1.012 | Ve hi teftread tire regained contact with ground.

1.044 |V e hi teft-feolt ire regained contact with ground.

1.100 [V e hi teft-readgsiarter panel deformed.

1.120 | Vehicle rolled away from system.

1.164 (Occupant 6 s h efeortwinsdowmandwindosydhattered. t

1.252 | Vehicle pitcheddownward.

1.376 | Vehicle pitched upward.

1.386 | Vehicle yawed toward system.

1.410 | Vehicle rolled toward system.

1414 (Vehicl ebs plastic bumper fascia c¢(

1.644 | Vehicle rolled away from system.
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5.3 Barrier Damage

Damageto the barrier wasnoderate, as shown Figures34 through39. Barrier damage
consisted of contact and gouge marks on the front fae€Blsegments, spalling tfieconcrete,
and concrete cracking and fractur€éhe length of vehicle contact along the barneas
approximately23 fti 10% in. (7.3m), which spanned from 5 ft 11% in. (1.8m) upstream from
the center of the joint between barrier nos. 4 atiddughl7 fti 9 in. (5.4m) downstream from
the center of the joint between barrier nos. 4 and 5.

Tire marks were visible on the front facEbarrier nos. 4 and 5. Scrape marks were also
found on the front and top faces of barrier nos. 4 ar@réut between barrier nos. 3 anédd
barriernos. 4 and Brumbled A 9%+in. (248 mm) long crackvas found on the front face barrier
no. 4 that started at the top cornettug upstream endA 35%in. (902mm) long vertical crack
was found on front face of barrier no. 4, 35 in. (889 mm) dwkgam fronthe midspan of the
barrier.A 13-in. (330mm) long vertical crack was founddhe front face of barrier no. 4 that
started 2% in. (64 mm) upstream froine downstream end arehdedl 7Yz in.(445 mm) fromthe
top. A 36in. (914mm) long crack was found ahe front face of barrier no. 5, 55% in. (1,410
mm) downstream from the upsara end of the barrieA 382-in. (978 mm) long vertical crack
that extenckd onto thefront faceand back face of barrier no. 5 wlagated 73 in. (1,854 mm)
downstream fronthe upstream endMlinor cracks were found on the back side of barrier nos. 3,
6, and 7 Barrier no.4 was flactured from top to bottom 9ia. (242-mm) downstream from the
midspan, originatingrom the bottom d the front face,extendng vertically towardthe center
target, and terminaig 46 in. (1,168 mm) downstream from timdspan orthe back faceA 36%x
in. long x 6in. wide (93-mm x 152mm) gouge was foun87%2 in. (1,461 mm) upstream from
the downstream enaf barrier no. 4 and extended diagonally towatlde upperdownstream
conerBarrier no. 5 was f r acin (219ewh) dévnsteaam ffomgthe t o b o
midspan.A 19%zin. long x 1¥~in. wide 495mm x 38-mm) gouge was founéz in. (241mm)
downstream from the upstream evfarrier no. Jand 9%in. (235mm) from thetop on thefront
face.A 77-in. (1,956mm) long gouge was found on bamno.5 that begarb5Y%% in. (1,410nm)
dowrstream from thepstream ed.

A BitE x 7¥%in. x O-in. (162-mm x 184mm x 22mm) concretgiecedisengaged from
the back face dbarrier no. 3 at the lowarpstream corneA 17-in. x 6in. (432-mm x 152mm)
concrete pieceartially disengaged fronthe back face obarrier no.5, 43% in. (1,111 mm)
downstream fromhe upstream endA 56Y#in. x 7¥xin. x 9%in. (1,429mm x 184mm x 241-
mm) piece of concrete was removed from liweer-downstream end of baen no.4. Concrete
spallingmeasuring32%sin. x 12%in. x 3%in. (832mm x 324 mm x 89mm) anda 7-in. (178
mm) longcrackoccurred at the lowdsack upstreamcornerof barrier no. 4The front side of
barrier no.5 experienced?1-in. x 6%>in. x 9%-in. (533mm x 165mm x 241-mm) concrete
spallingat the lowetupstream cornerA 6%in. X 6-in. X ¥in. (165mm x 152mm x 13mm)
piece of concrete was removed from the ugpmwnstream cornean thefront faceof barrier no.
5 below the connection key sockat4-in. x 3%zin. x 1-in. (102-mm x 83mm x 25mm) concrete
piece disengaged frothe back face dbarrier no5 at the lowetupstream corneilhe back side
of barrier no. 5 expeneed concrete spalling netlie midspanof the barrier. Concrete spalling,
measuring 37 in. x 12 in. x 3 in. (940 mm x 305 mm x 76 mm) occurred at thesidack
downstream end of barrier no.An 8-in. x 2-in. x 2in. (203mm x 5kmm X% 5kmm) concrete
piece disengaged frothe back face abarier no. 6 at the lowenpstream corneA 10-in. x 4
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in. (254mm x 102mm) concrete piece disengaged fritra back face dbarrier no6, 22 in. (559
mm) downstream frorthe midspanof the barrier Concrete spalling, measuriddzin. x 10 in.
x 2in. (292 mm x 254 mm x 5inm), occurred at the baeside downstream end of barrier 160.

Minor spalling occurred otheback side of barrier nos. 2 and 7.

The maximum permanent sdgflectionof the barrier system w4 in. (95mm) at the
upstream end of baer no.5, as measured in the field. The maximum lateral dynamic barrier
deflection, including tipping of the barrier along the top surface, Ma8in. (386 mm) at the
upstream end of barrier no. 5, as determined from-$pgleddigital video analysis. The working
width of the system was found to #&.0in. (1,041mm), also determined from higgpeed digital
video analysisA schematic of the permanent set, dynamic deflectiahwamking widthis shown
in Figure25. In addition, NDOT identifiesthe clear space behind the barrighichis defined as
the maximum deflection of the back of the barrier from its original position. For this test,dhe cle

space behind the barrier whs.2in. (386 mm).

DYNAMIC DEFLECTION
’——T’ 15.2” [386 mm]
TS

TRAFFIC . |
SIDE | L7 ’
| I o !
f i/ |
] |/ DYNAMIC
] { MOVEMENT y
J ! I
| /o f
f /) |
INITIAL | 7 { {
POSITION i \ \
/o, \ %
/7 FINAL L \
,/7 POSITION \
it \ \
VAL . \ \
\ \

T

PERMANENT SET
== L“ 32" [95 mm)
WORKING WIDTH

(VEHICLE OVERHANG)
41.0" [1041 mm]

Figure24. Permanent Set DeflectioBDynamic Deflectionand Working Width, Test No.
NJPCB6

5.4Vehicle Damage

The damage to the vehicle was moderate, as showhRigares40 through 44. The
maximum occupant compartment deformations are list&@bie 7 along with the deformation
limits established iMASH 2016for various areas of the occupant compartment. Note that none
of theMASH 2016established deformation limits were violated. Complete occupant compartment
and vehicle deformations and the corresponding locations are providegendix E
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The majority of the damage was concentrated on thidrerfit corner and left side of the
vehicle where the impa¢tadoccurred. The left side of the bumper crushed inwahe. plastic
bumper portion separated from the left side and benartbwhe right side ofhe vehicle. The
enginehood searatedfrom the right fender. The lefront fender was deformed inward toward
the engine compartmenthe left corner of the front bumperas bent inward approximately 28
in. (711mm) fromtheleft side.The leftfront corner of the frame rail buckled inward. A2 (51-

mm) gap occurred between the fender and the front bumper. Kinks and scrapes were observed on
theentire front bumpemDenting, scraping, and gouging were observed on the left side of the cab.
Gouging and contact marks were found at the bottom of th&rdeft door, starting from the front

of the door and extendirgrross theab. A 9%in. x &in. (242mm x 203mm) dent vas found

on the rear of the lefront door The left headlight disengagesvayfrom the vehicle. A tear was

found on the lefrear tire extending from theutsde wall through the tread and twoirds of the

way around the tireThetop of leftfront door was bent outward.

The lowerleft control arm was scrapebtent and disengagedway from the steering
knuckle at the jointThe leftfront uppercontrol arm was bent 6%z in. (165 mm) upwaride left
front wheel and hupartially disengagedThe rightside engine cross member was bé&he left
front window glass shattered. The roof remained undamageziwindshield had spider web
crackingon the rght sideandadditional crack extending from thespiderweb crackacross the
left side

Table7. Maximum Occupant Compartment Deformations by Location

MAXIMUM MASH 2016 ALLOWABLE
LOCATION DEFORMATION DEFORMATION
in. (mm) in. (mm)
Wheel Well & Toe Pan 4e § 117 O 9 (22¢
Floor Pan & Transmission Tunnel e )( 16 O 12 (30
A-Pillar e (16 O 5 (127
A-Pillar (Lateral) TE 71Q) O 3 (76
B-Pillar % (19) O 5 (127
B-Pillar (Lateral) Te(T)L6 O 3 (76
Side Front Panel (in Front of-Rillar) 1E (35 O 12 (30
Side Door (Above Seat) T 2( 69 O 9 (224
Side Door (Below Seat) 11 Ei 3)5 O 12 (30
Roof T 1(16) O 4 (107
Windshield 0 (0) O 3 (76
Side Window Staterd e o conia. 10 SO S T
test article
Dash 5 (13) N/A

Note: Negative values denote outward deformation
N/A T Not applicable
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5.5 0ccupant Risk

The calculated occupant impact velocities (OIVs) and maximum 6s@tCaverage
occupant ridedowaccelerations (ORAS) in both the longitudinal and lateral directions are shown
in Table8. Note that the OIVs and ORAs were within suggested ljragprovided inMASH
2016 The calculated THIV, PHD, and ASI values are also showirable8. The results of the
occupant risk analysis, as determiriemn the accelerometer data, are summarizdegare25.
The recorded data from the accelerometers and the rate transducers are shown graphically in
Appendix F

Table8. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test NOPCB6

Transducer
. o MASH 2016
Evaluation Criteria SLICE-1 SL_ICE—2 Limits
(Primary)
oIV Longitudinal -17.74(-5.41) -17.30(-5.27) +40 (12.2)
f/s (m/s) Lateral 18.89 (5.7 20.67(6.30 + 40 (12.2)
ORA Longitudinal -9.84 -9.73 +20.49
gos Lateral 9.87 8.43 +20.49
MAX. Roll -28.2 28.9 +75
ANGULAR .
DISPL. Pitch -9.8 -12.2 75
deg. Yaw 40.1 39.5 not required
THIV .
ftfs (mis) 25.95(7.9)) 27.00(8.23 not required
PHE) 9.11 8.19 not required
gos
ASI 1.14 1.26 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 show potential for penetrating
the occupant compartment, or present an undue hazard to othey pedigstrians, or workone
personnelDeformations of, or intrusions into, the occupant conmpant that could have caused
serious injury did not occuiThe test vehicle 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 trex basman
angle of8.0 degreesand its trajectory did not violate the bounds of the exit box. Therefore, test
no.NJPCB6 was determined to be acceptable according tdMA8H 2016safety performance
criteria for test designation no-13..
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6€

0.038sec

205'-3" [62.6 m]

16'-10" [5.1 m]—!

Exit Box

T TeStAGENCY...... 2 O e e MwWRSF
T TESE NUMDEE. ...ttt eee ettt e e e e e seeesaaatasssbereseseeeeeeessseeessrenesd NJPCB6

Al (D 1 PP PP PPPRTRTOTPPPPPPPPPPPPRY 6/02/2017
T MASH 2016TeSt DEeSIGNALION . .....uueiiiiieiitie ittt et smee e 311
1  Test Article.... Back SidePinnedNJDOT PCBwith Grouted ToesConnection Type C2]

T Total LENGth. ...t 200 ft (61.0 m)
Al Key Component NJDOTPCB

............................................................................................... 20 ft (6.1 m)
. .24 in. (610 mm)
32in. (813 mm)

1  Key Component Anchor Pins
PiN SIZ€....ooiiiiiiiiii e 1:in. (25mm) diameter unthread rod
PiN Material........c.cooiiiiiiiiiii e ASTM A36 steel
Pin Length........... .15 in. (381 mm)
Embedment Depth.........c.cooiiiiiiiiiee 5in. (127 mm)
Pinned Barrier Nag Back Side(4 per barrier).........cccoooveiiieiiiieeeeeeeeceee 2-9
Pinned Barrier Nag Traffic and Back Side...........cccocveviiniiieeniicceee 1and 10
Al Key Component Grout
Specification...........cccoveeeennl Min. 1-day compress# strength 1,000 psi (6.9 MPa)
Location.................. Toes at joints between barrier nosl@ on traffic and back sides
T Type of SUPPOIt SUIMACE..........oeiiiiiiiiei e Concrete Tarmac

1  Vehicle Make /Model.... ....2009Dodge Ram 1506rewcabpickup tuck

CUIDL e 5,221 Ib (2,36&Qg)
Test Inertial.... ....5,000 Ib(2,268Kkg)
GrOSS SEALIC....eeieeiiiiiiie ettt ettt emnee et e e e annes 5,159 Ib (2,34kQg)

T Impact Conditions

IMpact LOCAtION.........cvereerirrieerieieeieeeenn 45%,6in. (12 m) upstreanirom joint 4-5
1 Impact Severity....... 119.0kip-ft (161.3kJ) > 105.6 kigft (143.1 kJ) limit in MASH2016
1  Exit Conditions

Speed... 46.9 mph (75.4 km/h)

Angle................ e e e 8.0deg

EXit BOX CHItEIION. .....eiiiiiiiiiiie st iereti et s Pass

= = = =

0.228sec {evemp 0.640sec
F b21'—2‘ f[ts.s m) ‘f‘
‘ Grout Wedge ,‘J | 3271813
NS \
\\
1" [25] Diameter ASTM____
ol =

Vehicle Stability.................... .............................. Satisfactory
Vehicle Stopping Distance............cccccooveerieeeeenne 205 fti 3 in.(62.5m) downstream
21ftT 2in. (6.4m) laterallybehind
Test ArtiCle DAMAGE. ......c.uviiiiieiiii ettt e Moderate
VEhICIE DAMAGE. ... .ccuviieiiie ettt ettt Moderate
VDS [14] e 12-LFQ-4
CDC L] ittt ettt nr e 11-LYEW-4
Maximum Interior Deformation.............c.ccovcveiiiieenieniie e 4 ein. (117mm)
Maximum Test Article Deflections
Permanent Sef..........ccooiiiiiiiiii e 3%in. (95 mm)
Dynamic. 15.2 in. (386mm)
WoOrking Width.........cceeeiiiiiiii e 41.0in. (1,04Imm)
Transducer Data
Transducer
. o MASH 2016
Evaluation Criteria SLICE-1 SL_ICE-2 Limit
(Primary)
Cf’t}\s’ Longitudinal | -17.74 (5.41) | -17.30 (5.27) | +40 (12.2)
(m/s) Lateral 18.89 (5.76) 20.67 (6.30) +40 (12.2)
ORA Longitudinal -9.84 -9.73 +20.49
gos Lateral 9.87 8.43 +20.49
MAX. Roll -28.2 28.9 +75
ANGULAR -
DISPL. Pitch -9.8 -12.2 +75
deg. Yaw 40.1 39.5 not required
THIV .
fifs (m/s) 25.95 (7.91) 27.00 (8.23) not required
PHP 9.11 8.19 not required
gods
ASI 1.14 1.26 not required

Figure25. Summary of Test Results and Sequential Photographs, TeStINGB6
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0.398sec " 0.282sec

0.970sec ' “ 1.410sec

Figure26. Additional Sequential Photographs, Test NGPCB6
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0.038sec ] 0.098sec
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Figure27. Additional Sequential Photographs, Test NGPCB6
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Figure28. Documentary Photographs, Test NAPCB6
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