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APPROXIMATE CONVERSIONS TO SI UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
in. inches 25.4 millimeters mm
ft feet 0.3® meters m
yd yards 0.914 meters m
mi miles 1.61 kilometers km
AREA
in? square inches 645.2 square millimeters mn?
ft2 square feet 0.093 square meters m?
yd? square yard 0.836 square meters m?
ac acres 0.405 hectares ha
mi? square miles 2.59 square kilometers km?
VOLUME
fl oz fluid ounces 29.57 milliliters mL
gal gallons 3.785 liters L
ft® cubic feet 0.028 cubic meters m®
yd® cubic yards 0.765 cubic meters m®
NOTE: volumes greater than 1,000 L shall be shownin m
MASS
0z ounees 28.35 grams g
Ib pounds 0.454 kilograms kg
T short ton (2,000 Ib) 0.907 megagrams (or A1 Mg(or"t"
TEMPERATURE (exact degrees)
o . 5(F32)/9 . o
F Fahrenheit or (F32)/1.8 Celsius C
ILLUMINATION
fc foot-candles 10.76 lux Ix
fl foot-Lamberts 3.426 candela per square meter cd/n?
FORCE & PRESSURE or STRESS
Ibf poundforce 4.45 newtons N
Ibf/in® poundforce per square inch 6.89 kilopascals kPa
APPROXIMATE CONVERSIONS FROM SI UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
mm millimeters 0.039 inches in.
m meters 3.28 feet ft
m meters 1.09 yards yd
km kilometers 0.621 miles mi
AREA
mmn? square millimeters 0.0016 square inches in?
m?2 square meters 10.764 square feet ft2
m?2 square meters 1.195 square yard yad?
ha hectares 2.47 acres ac
km? square kilometers 0.386 square miles mi?
VOLUME
mL milliliter 0.034 fluid ounces fl oz
L liters 0.264 gallons gal
m® cubic meters 35.314 cubic feet ft3
m® cubic meters 1.307 cubicyards ya®
MASS
g grams 0.035 ounces oz
kg kilograms 2.202 pounds Ib
Mg (or "t") megagrams (or fl 1.103 short ton (2,000 Ib) T
TEMPERATURE (exact degrees)
°C Celsius 1.8C+32 Fahrenheit IE
ILLUMINATION
Ix lux 0.0929 foot-candles fc
cd/m? candela per square tee 0.2919 foot-Lamberts fl
FORCE & PRESSURE or STRESS
N newtons 0.225 poundforce Ibf
kPa kilopascals 0.145 poundforce per square inch Ibf/in®

*Sl is the symbol for the International Systemlbfits. Appropriate rounding should be made to compith \Biection 4 of ASTM E380.
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1 INTRODUCTION
1.1 Background

In 2009, the American Association of State Highway and Transportation Officials
(AASHTO) implemented an updated standard for the evaluation of roadside hardware. The new
standard, entitled thiglanual for Assessg Saféy Hardware(MASH) [1], improved the criteria
for evaluating roadside hardware beyond the previous National Cooperative Highway Research
Program (NCHRP) Report No. 350 stand&@jdhrough updtes to test vehicles, test matrices, and
impact conditions. In an effort to encourage state departments of transportation and hardware
developers to advance hardware designs, the FeHeghlvay Administration (FHWA) and
AASHTO collaborated to develop aA$H implementation policy that includes sunset dates for
various roadside hardware categories. Further, the 2009 MASH safety exéeeiapdated in
2016, thus resulting in the MASH 208i6cumen{3]. The new policyequirestha safetydevices
installed on federahid roadways &ér the sunset datés beevaluatedaccordingo MASH 2016.

The MidwestPooled FundProgrammembers currently use several roadside hardware
systems that were originally developed and evaluated tinelBICHRP Report No. 350 criteria.
One of those systems is a Rproprietary, thridbeam bullnose system that was successfully
developed and crash tested for use in shielding hazards within divided highways and r¢ddways
9]. The thriebeam bullnose system provides a safe, cost effectivepragrietary option for
shieldingmedian piers and other median hazafaisevaluation of théarrier system to the MASH
2016 criteriawould allow statedepartmert of transportatiofDOTS) to continueits use along
their roadways and remagrashworthywith respect to the current vehicle fledhus, a need
exisiedto evaluate the thribeam bullnose system to the MASH 2@t #eria.

The Midwest Pooled Fund Programneviously fundeda research projecto begin the
evaluation othe thriebeam bullnose systemtiee MASH 2016 Test Level 31{L-3) criteriausing
three critical fullscale crash tests selected from the ten pataetjuiredtests[10]. The results
from these testsvereused to determine if the remaining MARH16TL-3 crash testaould be
conductedor if redesign/modification of the system was necesSdrgthree critichtests were
test designation no8-32, 334, and 35in the MASH test matrix for crash cushions.

The Midwest Roadside Safety Facilityl/RSF) conducted test no. MSPBNaccording
to MASH 2016test designation no-35. For norgating crash cushions,ishtest is designed to
evaluate a&ritical impact poin{CIP) where the crash cushion behavior transitions from capture to
redirection with the 2270P vehicle. The CIP for test designation-86.\8as selected at post no.
3, which is halfway between thelda anchor at post no. 1 and the assumed beginnthg tdngth
of need ILON)/redirection point at post no. b test no. MSPBNL, a 5,001b (2268kg) Dodge
Ram Quad Cab pickup truck impacted the ttvéam bullnose at a speed of 62.9 (1.3 km/h)
and an angle o25.1degrees. After initial impact, theehicle was captured arsafelyredirected
by the bullnose system. As the vehicle rediredtesluniversal breakaway steel E(&1BSFo )sat
post nos. 5 through 8 were fractured and disengagedb&héviorcreated some pocketing and
snag at post nos.&nd 10, which were the first two W6x8.5 posts in the system. However, this
behavior did not compromise vehicle capture or stability and did not negatively affect the occupant
risk values. Occupant riskalues for the test were well below the MASH limigead occupant
compartment deformations were minimal. Based on these values and the safe capture and
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redirection of the 2270P vehicle, this test was deemed acceptable under the MASEtitELia
for testdesignation no.-35.

Test no. MSPBN2 was conductedcaording to MASH2016test designation no.-34.
This test is an impact of a 1100C small car at 15 degrees on the CIP where the crash cushion
behavior transitions from capture to redirection. The CIP for test designatior3savas selected
at post no. 2which was upstrearinom the CIP for test designation no-35 and was similar to
previous MASH end terminal test ClPshich used a similar anchorage systen test no.
MSPBN-2, a 2,448b (1,110kg) Kia Rio small car impacted the thviam bullnossystemat a
speed of 62 mph(100.0 km/h)and an angle df4.7degrees. After initial impact, the vehicle was
captured andafelyredirected by the bullnose system. As the vehicle redirdBtedkaway Cable
Terminal BCT) post no. 2 and UBSP post nos. Botigh 6 were deflectelaterally, but none of
the posts fractured and disengaged. The cable anchorage at post no. 1 remained engaged as well.
Occupant risk values for the test were well below the MABMHG6 limits, and occupant
compartment deformations werainimal. Based on #se values and the safe capture and
redirection of the 2270P vehicle, this test was deemed acceptable under the 20A&H.-3
criteria for test designation no-33l.

Test no. MSPBMN3 was conducted according to MASH16test designatin no. 332.
This tes is an impact of @1100C small car an angle betweehand15 degrees on the center of
the nose of the system and is meant to evaluate occupant risk and vehicle trajectory when a small
car impacts the emaf the system at an anglBest designation n@-32 was conducted at an angle
of 15 degreeas recommended MASH 2016, aghe wdth of the bullnose system mad®wer-
angle impact less critical. In test no. MSPBNa 2,441lb (1,107-kg) Kia Rio small car impacted
the thriebean bullnosesystemat a speed of 62.7 mgh01.0 km/h)and an angle of 15degrees.
Following the initial impact, the nose of the bullnose system wrapped aroundrtheffiioe small
car. The lower imp of the thrie beam was pushed below the bumper aculifed, whie the top
two humps of the thrie beam engaged the vehicle above the huapienng the vehicle. As the
vehiclecontinued into the system, thierie-beamrail wasdeformed and pulled downstreaamd
the beakaway posts in the systelisengagd. Thesewo actions dissipated the kinetic energy of
the small car and decelerated it. The small car impacted thesiolec&f post nos. 3 through 5 on
the far side of the bullnosehich further decelerated the small car. The vehicle was brought to a
controlled sbp at approximately 800 ms after impact. Vehicle damage was moderate. Occupant
risk values for the test were below the MASM16 limits, and occupant compartment
deformations were minimal. Based on these values and the safe capture and idecefeitzd
1100C vehicle, this test was deemed acceptable under the N2ASEITL-3 criteria for test
designation no.-32.

Based on the successful completion of the first three cril®bH 2016 tests in the
evaluation of the bullnose, wasbelieved thathe remaiing required MASH TLE3 test matrix
should be completed to certify the MASX16compliance of the thribeam bullnose system.

1.2 Objective

The research objective of tithase Il study contained hereims to conduct full scale
crash testing on dtie-beam lllnose mediarbarrier system according -3 of the MASH
2016 impact safety standards. Due to the extensive numberst¢éld crash tests that are required
to evalua¢ a thriebeam bullnose systemhd crash testingvas phasedn order toefficiently
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determine if tie thriebeam bullnose system couldeet the TE3 criteria. Phase II, which is
described within this report, euated the bullnossystemaccording tafour remainingMASH
2016TL-3 full-scale crash testm the thriebeam bullnos system

1.3 Scope

Five full-scale crash tests were conducted to complete the MB®3BTL-3 evaluation of
the thriebeam bullnose system. Test nos. MSP8BBnd MSPBNS were conducted according to
MASH 2016 test designation no-3®. These tests utilizedsmall car weighing gpoximately
2,425 |b (1,100 kg) with target impact condition®g@fmph (100 km/h) and an angle of O degrees.
These tests were completed to evaluate the impact performance of thee#mdullnossystem
when impacteavith a ¥svehicle offset from theenter of the nose of the system. Test no. MSPBN
6 was conducted aocading to MASH 2016 test designation ne33. This test utilized a pickup
truck weighing approximaty 5,000 Ib (2,270 Kgwith target impact conditionsf 62 mph (100
km/h) and an angle of O degrees. This test was completed to evaluate the impaciapedain
the thriebeam bullnosesystemwhen impacted at the center of the nose of the system. Test no.
MPSBN-7 was conducted according to MASH 2016 test designation-88. Bhis test utilized a
pickup truck weighing approximaly 5,000 Ib (2,270 kg) wittarget impact conditions &2 mph
(100 km/h) and an angle of 15 degrees. This test was completed to evaluate the impact performance
of the thriebeam bullnosesystemwhen impacted at the center of the nose of the system at an
angle. Finally, test no. MEBN-8 was conducted according to MASH 2016 test designation-no. 3
37b. This test utilized a small car weighing approxehaf,425 Ib (1,100 kg) with target impact
conditionsof 62 mph (100 km/h) and an angle of 25 degrees. This test was completed tteevalua
the impact performance of the thiheam bullnossystemwhen impacted in the reverse direction.
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2 TEST REQUIREMENTS AND EVALUATION CRITERIA
2.1Background
Thrie-beam bulhosesystemsmust satisfy impact safety standar&®r new hardware,
these safety standards consist of the guidelines and procedures published in MASS]. 2016 [
thrie-beam bullnose system is classified as agating redirective, crash cushion for the purposes

of evaluation. In MASH 2016as many asen full-scale crash tests are potentially required to
evaluate this type of hardwares shown iTablel.

Tablel. MASH 2016TL-3 CrashTest Conditions for Bullnose Guardrails

Test Vehicle | Impact Conditions
Test : , Test Weight, | Speed, Evaluation
Article Desll\glggatlon Vehicle Ib mph éﬁ\ngle, Criteria®
. (kg) (km/h) egees
2,425 62 A,D,F,H,I
3-30 1100C (1,100) | (100) 0 (hon-gating)
5,000 62 A,D,F.H,I
331 2270P (2,270) | (100) 0 (non-gating)
2,425 62 A,D,F.H,I
332 1100C (1,100) | (100) 515 (non-gating)
5,000 62 A,D,F,H,I
3-33 2270P ' 5-15 )
Terminals (2,270) (100) (nongating)
and 334 | 1100Cc | 2425 | 62 15 | ADFH
Redirective (1,100) (100) (non-gating)
Crash 335 | 2270p | 2090 | €2 25 | ADFH,I
Cushions (2.270) (100)
3-36 2970P 5,000 62 o5 A,D,F,H,I
(2,270) (100) (non-gating)
5,000 62 A,D,F,H,I
3-37a 2270P (2,270) | (100) 25 (non-gating)
2,425 62 AD,F.H,I
337b | 1100C | 1'150) | (100) 25 | (nongating)
3,300 62 A,D,F,H,I
3-38 1500A 1 1'500) | (100) 0| (nongating)

! Evaluation criteria explained ifable?2.
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Table2. MASH 2016 Evaluation Criteria for Bullnose Guardrails

Structural
Adequag

A.

Test article should contain and redirect the vehicle or bring the v
to a controlled stop; the vehicle should not penetrate, underrid
override the installation although controlled lateral deflection of
test article isacceptable.

Occupat
Risk

Detached elements, fragments or other debris from the test 3
should not penetrate or show potential for penetrating the occ
compartment, or present an undue hazard to other traffic, pedes
or personnel in a wk zone. Deformatios of, or intrusions into, th
occupant compartment should not exceed limits set forth in Sg
5.2.2 and Appendix E of MASH 2016.

The vehicle should remain upright during and after collision.
maximum roll and pitclangles are not to exceed 7&gdees.

Occupant Impact Velocity (OIV) (see Appendix A, Section A5.2.
MASH 2016 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 Appendi
Section A5.2.2 of MASH 2016 for calculation procedure) shq
satisfy the following limits:

Occupant Ridedown Acceleration Limits

Component Preferred Maximum

Longitudinal and Lateral 15.0 g 20. 49

Out of thetenrequired crash tests, three tests have beempletaa (test designation nos.

3-32, 334, and 35) and three testgeredeemed noitritical. Test designation no-35, on the
transition to aigid structurewas notrequired as itvasassumed that the bullnosgstermwill use
MASH 2016TL-3 approved thridoeam approach guardrail tetons for attachment to any rigid
structures. Test designation ne38 is intended to evaluate the performaatenid-sized sedan

vehicles with terminals and crash cushions. However, MRB8t5uses an analytical estimation

of 1500A vehicle decelerationsased on the results of test designation R81 30 determine
whether or not this test is required. Thus, teestignation no.-38 wasdeemed noitritical until
the results from analytical estimation of 1500A vehicle deceleratvensknown. The final non

critical test is test designation no-33 for reversedirection impacts, which includes test

designation 37a with the 2270P vehicle and test designati@78 with the 1100C vehiclé-or
systems utilizing a breakaway cable systémmend terminals and the thiiieeam bullnossystem
MASH 2016 recommendgestdesignation no.-37b asthe criticaltest to evalate snag of the
1100C vehicle on the cable anchoragstem Test designation n@-37awasdeemedon-critical
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as the thriebeam bullnosesystemshould perform simildy to a longitudinal guardrail when
impacted in the reverse direction upstneiom the cable anchoragé/ehicle capture, stability,
andoccupant riskwereanticipatedto bemore critical for the 1100C vehicle diar to previous
MASH TL-3 end terminal evaluationBrevious research regarding small car impactsalng-
end anchorages fohe¢ Midwest Guardrail SystemMGS) detemined aCIP using LSDYNA
computer simulationfor wedging the 1100C vehicle underrtettie rail and the cable anchor on
the MGS [L1-13]. This CIP was determinetb be 112% in. (2,876 mm) upstream frothe end
post in the system. Based on the similarity of the cable anchorage ubedviGS trailing-end
anchorageystemandthe thrie-beam bullnose anchorage, the researchers elected to use the same
CIP for test n03-37b tomaximize the probability ofehicle andvheelsnag orthe cable anchor
This impact point corresponded to the centethofl post upstream frorthe anchorag poston
the bullnose systemr the fourth post upstream of the end of the bullnosesys

Thus four remaining required testgereconducted t@omplete the MASF2016TL-3 test
matrix for evaluation of théhrie-beam bullnose systertt. should be noted that any tests within
the evaluation matrix deemadn-critical may eventually need t@evaluated based on additional
knowledge gained over time or additional FHWA eligibility letter requirements.

2.2 Evaluation Criteria

Evaluation criteria for fullscale vehicle crash testing are based on three appraisal areas:
(1) structural adequacy; (2) agmant risk; and (3) vehicle trajectory after collisi@riteria for
structural adequacy are intended to eviaube ability of thebullnose guardraito contain and
redirect impacting vehiclesin addition, controlled lateral deflection of the test #atics
acceptableOccupant risk evaluates the degree of hazard to occupants in the impacting vehicle
Postimpact vehicle trajectory is a measure of the potential of the vehialestdtin a secondary
collision with other vehicleandbr fixed objects thereby increasing the risk of injury to the
occupansof the impacting vehicle anar other vehiclesThese eviaation criteria arsummarized
in Table2 and defined in greater detail MASH 2016 The full-scale vehicle crash teswere
conducted and reported in accordance withprocedures provided MASH 2016

In addition to the standard occupant risk measures, thelRpatt Head Deceleration
(PHD), the Theoretical Head Impact Velocity (THIV), and the Acceleration SevedexI(ASI)
were determined and reportedldditional discussion on PHD, THIV and ASI is provided in
MASH 2016

2.3 Soil Strength Requirements

In accordance with Chapter 3 and Appendix B of MABM G foundation soil strength
must be verified before any fedlcde crash testing can occur. During the installation of a soil
dependent system, W6x16 (W152x23.8) posts are installed near the impact region utilizing the
same installation procedurasthe sytem itself. Prior to fulscale testing, a dynamic impact test
must be conducted to verify a minimum dynamic soil resistance of 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
dynamt testing near the system is not desired, MABHG6 permits a tatic test to be conducted
instead and compared agaitiet results o& previasly established baseline test. In this situation,
the soil must provide a resistance of at least 90% of the baeline test at deflections of 5, 10,
and 15 in. (127, 254nd 381 mm). Further details can be found in Appendix B of MRSt

6
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3 TEST CONDITIONS
3.1 Test Facility

The Outdoor Test Sites 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.

3.2Vehicle Tow and Guidance System

A reversecable tow system wth a 1:2 mechanical advantage was used to propel the test
vehicle. The distance traveled and the speethe®ftow vehicle were orealf that 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 guidnce system developed by Hirfdb] was used to steer the test velscke
guideflag, attached to theght-front wheelfor all five testsand the guide cable, was sheared off
before impact with the barrier system. Then. (9.5mm) diameter guide cable was tensioned to
approximately3,500 Ib(15.6 kN and supported both laterally and vertically evEd9 ft (305 m)
by hinged stanchions. The hinged stanchions stood upright while holding up the guide cable, but
as the ehiclewas towed down the line, the guiflag struck and knocked each stanchion to the
ground.

3.3Test Vehicles

For testno. MSPBN-4, a2009Kia Rio four door sedamas used as the test vehiclde
curb, test inertial and gross statieehicleweights were2,4721b (1,121kg), 2,4291b (1,102kg),
and2,593 Ib (1,176 kg), respectivelyThe test vehicle is shown Figures 1 and2, and vehicle
dimensions are shown Figure 3.

For test no0MSPBN-5, a2009 Hyundai Accenfiour door sedan was used as the test vehicle.
The curb, test inertial, and gross static vehicle weights wé6d 2b (1,116 kg), 2,409 Ib (1,093
kg), and 2,573 Ib (1,1640), respectively. The test vehicle is shown in Figdrasd5, ard vehicle
dimensions are shown Figure6.

For test noMSPBN-6, a2012 Dodge Ram 1500 crevab pickup truckvas used as the
test vehicle. The curb, test inertial, and gross static vehicle weights were 5,210 Ib (2,363 kg), 5,061
Ib (2,296 kg), and 5,236 i2,375 kg), respectively. The test vehicle is shown in Figlieesd8,
and vehicle dimensions are showrfigure9.

For test noMSPBN-7, a 2012 Dodg Ram 1500 quad cab pickup truck waed as the
test vehicle. The curb,geinertial, and gross static vehicle weights were 5,272,391kg), 5,043
Ib (2,287 kg), and 202 Ib (2360 kg),respectively. The test vehicle is shown in Figut@snd
11, and vehicle dimensions are showrigurel2.

For test noOMSPBN-8, a 2011 Hyundai Accent sedaras used as the test vehicle. The
curb, test inertial, rad gross static vehicle weights i@e2476 Ib (1123 kg), 2394 Ib (1086 kg,
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and 2558 Ib (1160 kg), respectivelyThe test vehicle is shown in FigurE3and14, and vehicle
dimensions are sk in Figurel5.
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Figurel. Test Vehicle, Test N0MSPBN-4
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Figure2. Test Vehicle Floor Pan and Undercarriage, TestN\&PBN-4
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Date: 4/18/2018
Year: 2009
Tire Size: 185/65R14

Test Name:

Make:

Tire Inflation Pressure:

MSPBN-4 VIN No: KNADE223496469475
KIA Model: RIO
32 Psi Odometer: 147278

Vehicle Geometry - in. (mm)

Target Ranges listed below

A: 647/8 (1648) B: 5712 (1461)
65+3 (1650+75)
C: 1761/8 (4474) D: 33 (838)
169:8 (4300£200) 35+4 (900£100)
E: 981/4 (249) F: 36 (914)
9815 (2500+125)
G: 22 916 (573) H: 36 1/4 (921)
Test Inertial CG 394 (990+100)
Q 71/4 (184) J: 223/4 (578)
R
P ‘_‘ I._ K: 121/8 (308) I: 251/4 (641)
= =
g = e
o [} AT G { AD M: 573/4 (1467) N: 571/5 (1453)
* J _*_ \/ <} S \ 75" K l*- 562 (1425+50) 5612 (1425£50)
1 ? f * * 0: 28 (711)  P:_ 3 (76)
H 24+4 (600£100)
~—D E F—= Q: 22172 (572) R: 151/3 (389)
C
S: 111/4 (286) T: 651/8 (1654)
U (impact width): 56 (1422)
Mass Distribution Ib (kg)
Top of radiator core
Gross Static LF 845 (383) RF 772 (350) support: 28 1/4 (718)
Wheel Center
LR 498 (226) RR__ 478 (217) Height (Front): 11 (279)
Wheel Center
Height (Rear): 11 1/4 (286)
Weights Wheel Well
Ib (kg) Curb Test Inertial Gross Static Clearance (Front): 25 (635)
Wheel Well
W-front 1551 (704) 1533 (695) 1617 (733) Clearance (Rear): 24 7/8 (632)
Bottom Frame
W-rear 921 (418) 896 (406) 976 (443) Height (Front): 6 (152)
Bottom Frame
W-total 2472 (1121) 2429 (1102) 2593 (1176) Height (Rear): 9 1/2 (241)
242055 (1100£25) 2585255 (1175£50)
Engine Type: GAS
GVWR Ratings |b Surrogate Occupant Data Engine Size: 1.6L 4 CYL
Front 1918 Type: Hybrid Il Transmission Type:  AUTOMATIC
Rear 1874 Mass: 163 Ib Drive Type: FWD
Total 3638 Seat Position: Left
Note any damage prior to test: None

Figure 3. Vehicle Dimensions, TestoNMSPBN-4
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Figure4. Test Vehicle, Tedtlo. MSPBN-5
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Figure5. Test Vehicle Floor Pan and Undemiage, Test NOMSPBN-5
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Date: 5/15/2018
Year: 2009
Tire Size: 185/65R14

Test Name:

Make:

Tire Inflation Pressure:

MSPBN-5
ACCENT

32 Psi

A:
C:
E:
G:
I:
K:
M:
O:
Q:
S:
Mass Distribution Ib (kg)
Gross Static LF 827 (375) RF 781 (354)
LR 497 (225) RR 468 (212)
Weights
Ib (kg) Curb Test Inertial Gross Static
W-front 1582 (718) 1524 (691) 1608 (729)
W-rear 879 (399) 885 (401) 965 (438)
W-total 2461 {1116) 2409 (1093) 2573 (1167)
2420155 (1100225) 2585155 (117550)
GVWR Ratings Ib Surrogate Occupant Data
Front 1918 Type: Hybrid Il
Rear 1874 Mass: 164 Ib
Total 3638 Seat Position: LEFT
Note any damage prior to test: None

VIN No: KMHCN46C39U386700
Model: HYUNDAI
Odometer: 128728
Vehicle Geometry - in. (mm)
Target Ranges listed below
64 7/8 (1648) B: 581/8 (1476)
6543 (1650175)
1647/8 (4186) D: 3011/16 (779)
16948 (4300+200) 35+4 (900+100)
98 5/8 (2505) F: 351/2 (902)
9815 (2500£125)
22 7/8 (581) H: 36 1/4 (921)
39+4 (990+100)

8 3/4 (222) J: 21172 (546)
117/8 (302) I: 27 5/8 (702)
57 13/16 (1468) N: 57 3116 (1453)
56+2 (1425+50) 56+2 (1425+50)
28 {711) P: 3 (76)

2414 (600£100)
23 3/8 (594) R: 153/8 (391)
11 5/8 (295) T: 65 (1649)
U (impact width): 32 1/2 (824)
Top of radiator core
support: 28 7/8 (733)
Wheel Center
Height (Front): 11 5/8 (297)
Wheel Center
Height (Rear): 11 5/8 (296)
Wheel Well
Clearance (Front): 4 7/8 (124)
Wheel Well
Clearance (Rear): 91/2 (241)
Bottom Frame
Height (Front): 8 (203)
Bottom Frame
Height (Rear): 17 (432)
Engine Type: Gasoline
Engine Size: 1.6L 4cyl
Transmission Type: automatic
Drive Type: FWD

Figure6. Vehicle Dimensions, Test NMSPBN-5
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Figure?. Test Vehicle, Test N0MSPBN-6
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Figure8. Test Vehicle Floor Pan and Undercarriagest No.MSPBN-6
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Date: 6/5/2018 Test Name: MSPBN-6 VIN No: 1C6RD6KT3CS268370
Year: 2012 Make: Dodge Model: Ram 1500
Tire Size: P275-60R20 Tire Inflation Pressure: 35 Psi Odometer: 159054
Vehicle Geometry - in. (mm)
Target Ranges listed below
A: 771/2 (1969) B: 757/8 (1927)
7832 (1950%50)
C: 2291/2 (5829) D: 403/8 (1026)
23713 (6020£325) 39:3 (1000£75)
E: 1401/4 (3562) F: 487/8 (1241)
148+12 (3760+300)
G: 29 7116 (748) H: 61 5/16 (1557)
min: 28 (710) 6314 (1575£100)
Test Inertial CG
I: 127/8 (327) J: 26172 (673)
l K: 201/2 (521) L: 303/8 (772)
=
M: 673/4 (1721) N: 681/2 (1740)
| f 67+1.6 (1700%38) 67+1.5 (1700£38)
s @ I L O: 481/8 (1222) P: 5142 (140)
t l 434 (1100£75)
H Q 32 (813) R: 21112 (546)
=—D E F—
c S: 14 5/8 (371) T: 783/18 (1991)
U (impact width): 77 1/2  (1969)
Mass Distribution b (kg)
Wheel Center
Gross Static LF 1394 (632) RF_ 1549 (703) Height (Front): 16 (406)
Wheel Center
LR 1144 {(619) RR 1149 (521) Height (Rear): 16 (406)
Wheel Well
Clearance (Front): 5 5/8 (143)
Weights Wheel Well
Ib (kg) Curb Test Inertial Gross Static Clearance (Rear): 9 3/4 (248)
Bottom Frame
W-front 2911 (1320) 2848 (1292) 2943 (1335) Height (Front): 11 1/2 (292)
Bottom Frame
W-rear 2299 (1043) 2213 {1004) 2293 (1040) Height (Rear): 24 (610)
W-total 5210 (2363) 5061 (2296) 5236 (2375) Engine Type: Gasoline
5000£110 (2270+50) 5165110 (2343£50)
Engine Size: 5.7V8
GVWR Ratings Ib Surrogate Occupant Data Transmission Type: Auto
Front 3700 Type: Hybrid Il Drive Type: RWD
Rear 3900 Mass: 160 Ib Cab Style: Crew Cab
Total 6800 Seat Position: RIGHT/PASSENGER Bed Length: 67"
Note any damage prior to test: None

Figure9. Vehicle Dimensions, Test NMSPBN-6
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Figurel10. Test VehicleTest No.MSPBN-7
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Figurell Vehicle Floor Pan and Undercarriage, TestMSPBN-7
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Date: 6/5/2018 Test Name: MSPBN7 VIN No: 1C6RD6KTA4CS197048
Year: 2012 Make: Dodge Model: Ram 1500
Tire Size: P275/60R20 Tire Inflation Pressure: 35 Psi Odometer: 227374

Vehicle Geometry - in. (mm
Target Ranges listed below

)

Note any damage prior to test:

77 (1956) B: 751/2 (1918)
7812 (1950£50)
229 3/4 (5836) D:_  361/4 (921)
23713 (6020£325) 3923 (1000£75)
140 1/2 (3569) F: 47 (1194)
148+12 (3760+300)
29 1/8 (740) H: 61 9/16 (1564)
min: 28 (710) 63+4 (1575+100)
Test Inertial CG
5 1 (279) J: 3158 (803)
p—| B m l 21 (533) L:  297/8 (759)
Cc=
67 7/8 (1724) N: 68 (1727)
o 1 | f 67415 (1700%38) 67+1.5 (1700£38)
J
‘ l T @ G s @ _‘K_ i 46 1/4 (1175) P: & (127)
1 ] * t ‘ 4344 (1100475)
H 317/8 (810) R: 21172 (546)
—D E F—-f
(o 15 3/4 (400) T. 75 (1905)
U (impact width): 70 1/4 (1784)
Mass Distribution 1b (kg)
Wheel Center
Gross Static LF 1438 (652) RF_ 1492 (677) Height (Front): 15 3/8 (391)
Wheel Center
LR 1110 (503) RR__ 1162 (527) Height (Rear): 15 3/4 (400)
Wheel Well
Clearance (Front): 36 (914)
Weights Wheel Well
Ib (kg) Curb Test Inertial Gross Static Clearance (Rear): 38 1/4 (972)
Bottom Frame
W-front 2953 (1339) 2833 (1285) 2930 (1329) Height (Front): 10 3/4 (273)
Bottom Frame
W-rear 2318 (1051) 2210 (1002) 2272 (1031) Height (Rear): 11 (279)
W-total 5271 (2391) 5043 (2287) 5202 (2360) Engine Type: Gasoline
5000110 (2270£50) 51652110 (234350)
Engine Size: 5.71V8
GVWR Ratings Ib Surrogate Occupant Data Transmission Type: Automatic
Front 3700 Type: Hybrid Il Drive Type: RWD
Rear 3900 Mass: 159 Ib Cab Style: Crew Cab
Total 6800 Seat Position: Front Right Bed Length: 67"

Left rear tail light lens is cracked, small dent by RAM logo on left front door.

Figurel1l2 Vehicle Dimensions, Test NMSPBN-7
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Figure13. Test Vehicle, Test N0SPBN-8
20



Septembed, 2020
MwRSF Reprt No. TRP-03-418-20

'g |

Hugy
Y

e

h..'.

By,

43048y 4y

L\ l\\‘““

50 450 4y,

77/

LTI T 753

Figure14. Vehicle Floor Paand Undercarriage, Test NdSPBN-8
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Date: 8/29/2018 Test Name: MSPBN-8
Year: 2011 Make: Hyundai
Tire Size: 185/65r14 Tire Inflation Pressure: 32 Psi
Test Inertial CG
Q
L
P
S p— 1= 2 B
1D C AT
(@] J eo ‘ u:u _L L
Pt | S K 4
1 R ¢
~—D E F—
C
Mass Distribution Ib. (kg)
Gross Static LF 781 (354) RF 812 (368)
LR 463 (210) RR 502 (228)
Weights
Ib (kg) Curb Test Inertial Gross Static
W-front 1573 (714) 1509 (684) 1593 (723)
W-rear 903 (410) 885 (401) 965 (438)
W-total 2476 (1123) 2394 (1086) 2558 (1160)
2420+55 (1100£25) 268555 (1175%50)
GVWR Ratings Ib Surrogate Occupant Data
Front 1918 Type: Hybrid Il
Rear 1874 Mass: 163 Ib
Total 3638 Seat Position: right passenger
Note any damage prior to test:

VIN No: kmhcn4ac3bu533692
Model: Accent
Odometer: 153616

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

A: 651/2 (1664) B: 577/8 (1470)
6543 (1650475)
C: 1681/4 (4274) D: 331/2 (851)
16918 (4300+200) 3514 (900+100)
E: 981/2 (2502) F: 361/4 (921)
98+5 (2500+125)
G: 22 5/16  (567) H: 36 716  (926)
3944 (990+100)
| 8 (203) J: 20172 (521)
K: 12 (305) I: 251/8 (638)
M: 571/2 (1461) N: 571/4 (1454)
56£2 (1425£50) 562 (1425£50)
O: 275/8 (702) P: 212 (64)
2414 (600£100)
Q. 221/2 (572) R: 153/8 (391)
S: 113/8 (289) T: 65 (1651)
U (impact width): 29 1/8 (740)
Top of radiator core
support: 27 1/2 (699)
Wheel Center
Height (Front): 10 7/8 (276)
Wheel Center
Height (Rear): 11 1/8 (283)
Wheel Well
Clearance (Front): 26 1/2 (673)
Wheel Well
Clearance (Rear): 25 (635)
Bottom Frame
Height (Front): 7 1/4 (184)
Bottom Frame
Height (Rear): 7 1/2 (191)
Engine Type: gasoline

Engine Size: 1.4L 4 cyl

Transmission Type: Manual

Drive Type: FWD

None

Figurel5. Vehicle Dimensions, Test NMSPBN-8
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It should be noted that the pickup truck test vehicles used were within 6 years of the
research project contract date. MA2BIL6 requires test vehicles used in crash testing to be no
more than six model years old. For the small car tas2809 model was uséecause the vehicle
geometry of newer models did not comply with recommended vehicle dimension ranges specified
in Table4.1 of MASH 2016.The use of older test vehicles due to recent small car vehicle
properties falling outside of M8H 2016 recommendations was allowed by FHWA and AASHTO
in MASH implementation guidance dated May of 201&14].

Additionally, it should be noted that the vehicle hood height denotetidaehicle in test
no. MSPBNG6 did not meet the hood height requirements in MASH. The hood height measurement
has leen an issue in recent years due tangba in the vehicle hood geometry that have altered the
hood line but not the basic vehicle front end structure. As such, the hood height denoted herein
was not considered an issue for fetlale testing. Recently,sting laboratories have agreed to
measue hood height relative to the top of the radiator mount for consistency and improved
compliance with MASH guidelines. However, that guidance was not available at the time of this
testing.

The longitudinal component of theenter of gravity €.g) was detemined using the
measured axle weightfhe Suspension Methofil6] was used to dermine the vertical
component of the c.g. for tt#270P vehiclesThis method is based on the principle that the c.g.
of any fredy suspended body is in the vertical plane through the point of suspehisemehicle
was suspended successively in thregitpms, and the respective planes containing the c.g. were
establishedThe intersection of these planes pinpointedfithe c.g. locationfor the test inertial
condition The vertical component of the.g. for the 1100C vehickewas determineditilizing a
procedure published by SAETY]. The location of the finat.g.is shown inFigures 3, 6, 9, 12, and
15. Datausedto calculate the location diie c.g. and ballagnformationareshown n Appendix
A.

Squareblack and whitecheckered targets were placed on the vehifolereference to be
viewed from the hig-speed digital video cameras aaidl in thevideo analysis, as shown in
Figures16 through20. Round, checkered targets were plaattte c.g.on the leftside doorthe
right-side door, and the roof of the vehgle

The front wheels of the test vehisleere alignedo vehicle saincards except theoe-in
valuewas adjusted teerosuchthat the vehicles would track properly along the guide cabt
flash bulb vasmountedunderthe vehiclebright-sidewindshield wiperfor test ms. MSPBN4,
MSPBN-6, andMMSPBN7a n d u n d e r sldft-Bide wwndshieid evipee fér tesba. MSPBN
5 and MSPBN8. The bulbwas fired by a pressure tape switch mounted at the impact corner of
the bumper. The flash bulb was fired upon initial impact with the test article d® @evisual
indicator of the precise time of impawt the highspeedligital videos A remotecontrolled brake
system was installed in the test vehide the vehiclecould be brought safely to a stop after the
test
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Date: 4/18/2018 Test Name: MSPBN-4 VIN: KNADE223496469475

Year: 2009 Make: KIA Model: RIO

B C D E —-—F—‘

| >

Test Inertial CG

D (i:ée( @1

- r
<—x—b—
lt— . —o
ST

G

TARGET GEOMETRY-- in. (mm)

A 24 1/8 (613) F: 23 1/2 (597) K: 48 (1219)
Windshield Target

B: 42 (1067) @: 36 1/16 (916) L: 53 3116  (1351)
Front round CG target

c: 14 12 (368) H: 10 7/8 (276) M: 29 1/4 (743)

D: 31 (787) - 62 1/4 (1581) N: 53 5/16  (1354)
Rear Round target

E: 14 1/4 (362) J: 29 3/4 (756)

Figurel6. Target Geometry, Test NMISPBN-4
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Date: 5/14/2018 Test Name: MSPBN-5 VIN: KMHCN46C39U386700
Year: 2009 Make: ACCENT Model: HYUNDAI
B C D E —F —

Test Inertial CG

L]

== =
L % ( jé ( N
 Cu D)
G I
TARGET GEOMETRY-- in. (mm)
A 24 3/4 (629) F: 22 1/2 (572) K: 47 1/4 (1200)
Windshield Target
B: 43 1/4 (1099) G: 36 1/4 (921) L: 52 1/2 (1334)
Front round CG target
Cc: 12 7/8 (327) H: 22 7/8 (581) M: 30 1/8 (765)
D: 35 1/8 (892) - 62 3/8 (1584) N: 52 1/2 (1334)
Rear Round target
E: 16 1/2 (419) J: 30 1/8 (765)

Figurel?. Target Geometry, Test NMISPBN-5
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Date: 5/24/2018 Test Name: MSPBN-6 VIN: 1C6RD6KT3CS268370
Year: 2012 Make: Dodge Model: Ram 1500
A B G
=Y = i il | "]
e ==_
"y | E |
G " ) ) "
| - ~—o—
— X = | "l
 —

Test Inertial CG

TARGET GEOMETRY-- in. (mm)

A 75 112 (1918)  E: 53 5/8 (1362)  J: 41 (1041)
B: 32 1/2 (826) F: 54 (1372)  K: 29 3/8 (746)
C: 64 1/4 (1632)  G: 33 1/4 (845) L: 43 (1092)
D: 21 1/8 (537) H: 61 1/4 (1556) ~M: 64 1/4 (1632)

I 78 5/8 (1997)

Figurel8. Target Geometry, Test NMISPBN-6
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Figurel19. Target Geometry, Test NMISPBN-7
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