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1INTRODUCTION

1.1 Background and Problem Statement

The Mi nnesot a Depart ment o f -laminated dirpberr t at i c
rubrail was develope for situations where a noise wallll be locaed within the clear zone and
when other types of protection are not considered desifdhleAn example of an installed
configuration is shown iffigurel, and he standard plans are showrApppendix A

Figurel. MnDOT NoiseWall and Rubrailnstallation

The crashworthiness of thmombinationnoisewall and barrier system wapreviously
evaluated according to the National Cooperative Highway Research Program (NCHRP) Report
No. 350,Recommended Procedures for the Safety Performance Evaluation of Highway Features
[2]. The test installation consisted of 8t (24.7 m) of glulam timber rail sections that were
supported by eleven reinforced concrete pgéls The noise wall wood planks were not
installed.Test no. MNTR1 was conducted using a 4,386(1,989kg) pickup truck impacting at
a speed of 61.8 mp99.5 km/h)and at an angle of 25.3 degre€ke glulam rail and noiseall
barrier system successfully contained and redirected the pickup truck according to the Test Level
3 (TL-3) criteria published in NCHRP Report No. 33@owever, he roise wall and rubrail
system hachot been ealuated with tk laest crash testing standard, the American Association of
State Highway and Transportation Officials (AASHTKanual for Assessing Safety Hardware
(MASH 2016 [3]. Therefore, a need existed to evaluate riffarail desgn according the Ti3
requirements found iIMASH 2016
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1.2 Objective

The objective of the resarch project was tmodify an existing desigandevaluate the
safety performance dhe MnDOT noise wallsystemwith glulam timber rubrail The system
was b be evaluated according to the-Blsafety performance criteria set forth in MAS16
In addition, the glulam rubrail was to be analyzed anddified, if necessary.Two
configurations were to be evaluatednewith the wood noise wall planks installed on the back
side of the concrete posts aadother with planks installed ahe front side of the concrete
posts.The successful crash testing of the noise wall system will allow for its continued use on
Minnesota highways and roadwaybus ensuring the safety of the motoring public with the
current vehicle fleet.

1.3 Scope

The research objective was achiewhtbugh thecompletion ofseveral tasks. First, an
analysis phase was conducted in ordervaluate the capacity of the existing timberrailp and
the timber rail was redesigneAfter the final desig was completed, thgystem was fabricated
and constructed ateéhMidwest Rodside Safety Facility (MwRSFOutdoorTestSite Three full
scale vehicle crash tests weerformed with a 5,00 (2,270-kg) pickup truck usindpackside
sound panels, a 2,82b (1,100kg) small passenger car using basile sound panelgnd a
5,0001b (2,270 kg) pickup truck using frordide saind panelsEach of the tests utilized a target
impact speed of 62 mph (1L@km/h) and a target impact angle of 25 degfeesVIASH 2016
TL-3 impact conditionsFinally, the test results were aredyg, evaluated, and documented.
Conclusions and reenmendations were then maglertainng to the safgt performance of the
noise wall andylulamtimber rulyail system.
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2 BARRIER DESIGN

Mi nnes ot adgtandard plans forithe goisell and rubrail system are shown in
Appendix A The rubrall is currently specified as a glaeinated wood rubrifabricated with
Combination M. 48 Southern Pine or CombinatioroN2 Western Species material, measuring
8% in. (222 mm)deep by 13% in(343 mm)tall. The rubrail configuration was successfully
tested under NCHRP Report No. 350 téssignationno. 311 impact conditios, and the rail
sustained no major damap4. However, the nominal impact severity of tdesignatiomo. 3
11 hasincreasedl3.3 percentfrom 101.5 kipft (137.6 kJ) under NCHRP Report No. 350 to
115.1kip-ft (156.1 KI) under MASH R16. This increase is due to an increase in vehicle mass
the modern vehicle fleeThe lateral design force foNCHRP Report No. 350L-3 bridge rail,
which is commonly used for roadside barriers as well, has historically been 54(@40pkN)
applied over a 4t (1.22m) length[4]. Recently, the final report on NCHRP ProjectZ2[5]
recommended a 7Kip (311-kN) load applied over a-# (1.2 m)length for barrier design under
MASH 2016 TL-3 [5]. With the increased impact seligrand lateral force, the existing rubrail
may not have a sufficient capacity under MASH w@ssignationno. 311 impact conditions.
Thus, the capacity of the rail was evaluated.

The American Wood CoundilsNational Design Specification (NDS) for Wood
Construction was utilized to evaluate the capacity of the ¢aminated rubrail[6]. The
allowable bending streds use for desigwas 4.49 ks{(31.0 MRa) and 404 ksi(27.9 MR) for
Combination M. 48 Southern Pine and CombinationoN2 Western Species, respectively.
Utilizing the 70kip (311-kN) load distributed over 4 {tL.2 m)and assuming a simpBupported
connection at the posts spadeit (2.4 m)apart the calculated bending stresas 7.31 ks{50.4
MPa), which is much greater than the allowable bending stress. Utilizing tké 5240-kN)
load distributed over 4 (1.2 m)and assuming a simpBupported onnection at the posts
spaced ft (2.4 m)apat, the calculatetbending streswas5.64 ksi(38.9 MRa), which was 25.6
percent greater than the allowabletieg stress for CombinationdN48 Southern Pine and 39.6
percent greater than the allowabkending stress for CombinatioroN2 Western Speae Since
the rubrail in the original crash test did not fail due to excessive bending stress, the calculations
were believed to be conservative.

The researchers believed that the samegafiactual/allowable bending stress with the
54-kip (240-kN) load (1.256 for Combination bl 48 SoutherfPine and 1.396 for Combination
No. 2 Western Speciegpuld be utilized for the rail design with the-Kip (311.4kN) load
without excessive bending stress occurring in the MABH test designationno. 311 crash
test. A 10in. (254mm) deep by 13%n. (343 mm) tall rubrailwas calculated to produce similar
actualallowable bending stress ratios and was anticip@at@erform acceptably. However, a-10
in. (254mm) deep beam is considered to be 1stendardsize Therefore, a 103n. (273 mm)
deep by 13%n. (343 mm)tall rubrail, which is a standard ghli@minated size, was calculated to
produce an actual/allowable bending stress rattb f2 and 1.23percent for the Combination
No. 48Southern Pine and Combii@ No. 2 Western Species, respectively. Since these ratios
are less than the ratios of the prior crgsdted rubrail, the research team believed that they
would perform acceptablynd that the rubrail section would not fail due to excessive bending
stress. Therefore, a 10. (273mm) deep by 13%n. (343mm) tall gluelaminated wood
rubral fabricated with Combination &l 48 Southern Pine or CombinationoN2 Western
Species material was recommendedifier crashestingprogram

3
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3 TEST REQUIREMENTS AND EVALUATION CRITERIA

3.1 Test Requirements

Longitudinal barriers, such athe noise wall and timber rubrail systemust satisfy
impact safety standards order to bedeclared eligible for federal reimbursementthg Federal
Highway Administration (FHWA) for use omhe National Highway System (NHS)or new
hardware these safety standards consist of the guidelines and procedures published in MASH
2016[3]. According toTL-3 of MASH 2016 longitudinal barrier systemsust be subjected to
two full-scale vehicle crash teses summarized ihablel.

Note that there is no difference between MASH 2009 and MASH 2016 for longitudinal
barriers such as the system tested in this projestceptadditional occupant compartment
deformation measuremerasd documenten are required by MASH 2016-or the evaluation
of the backside noise wall configuration, both tedesignationnos. 310 and 311 were
conduckd. For the evaluation tiie front-side noise wall configuration, only ted#signatiomo.
3-11 was conduet. Testdesignatiomo. 310 with the frontside noise wall configuration was
deemed to be nedritical if test designatiomo. 311 with the frontside configuration and both
backside configuration tests were successflhe system was expected to hawesimilar
stiffness with the fronrside and baclkide configurations and the car could potentially extend
farther under or over top of the rail withe backside configuration. Thus, the baslde wall
configuration was used for test designation Rd03

Tablel. MASH 2016TL-3 Crash Test Conditiorfer Longitudinal Barriers

Test Test . Test \\5\?;5:1? Ismzae((:jt o Evaluation
Article Desll\glyglatmn Vehicle Ib rrF})ph A(‘jr:agm Criteria®
(kg) (km/h) g
Longitudinal | °+0 | 1100C (ii(z)%) (1830) 25 ADFHI
Barrier 311 | 2270P (g:g%; (1830) 25 AD,FH,|

1 Evaluation criteria explaineit Table2

3.2 Evaluation Criteria

Evaluation criteria for fulscale vehicle crash testing are based on three appraisal areas:

(1) structural adequacy; (2) occupant risk; and (3) vehicle trajectory aftisian. Criteria for
structural adequacy are intended to evaluate the ability afdise wall systento contain and
redirect impacting vehiclesin addition, controlled lateral deflection of the test article is
acceptableOccupant risk evaluates thegtee of hazard to occupants in the impacting vehicle
Postimpact \ehicle 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
ocaupans of the impacting vehicle ahak other vehicles These evaluation criteria are
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summarizedn Table2 and defined in greater detail MASH 2016 The full-scalevehicle crash
tess wereconducted and reported in accordance with the procedures provislédiH 2016

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

3.3 Soil Strength Requirements

In accordance with Chapter 3 and Appendix B of MAZM G foundation soil strength
must beverified before any fulkcale crash testing can océar any soitdependent systerbue
to the large post sectipheavy massandsignificant posembedment depth, the system should
have adequate strength in varying sopdy and was not consideredhave soil dependence
under TL-3 impact loadingHowever, the soil strength was still evaluated prior to the first full
scale crash tegbut it was not reevaluatedbefore subsequent tesfs W6x16 (W152x23.8) post
wasinstalled near the impact region igihg a similarinstallation procedures the system itself.
Prior to fullscalecrashtesting, 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), asmeasured at a height of 25 in. (635 mabpve the ground lindf dynamic testing
near the system is not desired, MASH16 permits a static test to be conducted instead and
compared againghe results ofa previasly established baseline test.this situation, the soil
must provide a resistance of at least 90% of the static baseline test at deflections of 5, 10, and 15
in. (127, 254, and 381 mm). Further details can be found in Appendix B of N2A%61
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Table2. MASH 2016Evaluation Criteria foLongitudinal Barrier

Structural
Adequacy

A.

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

Occupant
Risk

Detached elements, fragments or other debris from the test :
should not penetrate or show potential for penetrating the occ
compartment, or present an undue hazard otber traffic,
pedestrians, or personnel in a work zone. Deformations o
intrusions into, the occupant compartment should not exceed

set forth in Section 2.2and Appendix E oMASH 2016

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

Occupant Impact Velogit(OIV) (see Appendix A, Section AB.2
of MASH 2016 for calculation procedure) should satisfy f
following 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 (®R(see Appendix A
Section A5.2.2o0f 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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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 thedyatger.

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

A vehicle guidance system developed by Hifichwas usedo steer the test vehicle. A
guideflag, attached to thieft-front wheel and the guide cable, was sheared off before impact
with the barrier system. Thdz-in. (9.5mm) diameter guide cable was tensioned to
approximately3,500 1b(15.6 kN and supporteddih laterally and vertically every00 ft (305
m) by hinged stanchions. The hinged stanchions stood upright while holding up the guide cable,
but as the vehicle was towed down the line, the gilédestruck and knocked each stanchion to
the ground.

4.3 TestVehicles

For testno. MNNW-1, a2010 Dodge Ram 1500 Crew Cpigkup truckwas used as the
test vehicle The curb, test inertial and gross statigehicle weights were5,2641b (2,388kg),
5,0561b (2,293kg), and5,214Ib (2,365kg), respectivelyThe test vehicle is shown Figures2
and3, and vehicle dimensions are showrigure4.

For test no. MNNW2, a2010 Hyundai Accentvas used as the test vehicle. The curb,
test inertial, and gross static vehicle weights wedz61b (1,123kg), 2,4311b (1,103kg), and
2,5951b (1,177 kg), respectively. The test vehicle is shownFigures5 and 6, and vehicle
dimensions are shown kigure?7.

For test noOMNNW-3, a2011 Dodge Ram 1500rew Cab pickup truckvas used as the
test vehicle. The curb, geinertial, and gross static vehicle weights we265Ib (2,388kg),
5,028lb (2,281kg), and5,188Ib (2,353kg), respectively. The test vehicle is showrFigures8
and9, and vehicle dimensions are showrkrigure10.

The longitudinal component of theenter of gravity €.g) was determined using the
measured axleweights. The Suspension Method8] was used to determine the vertical
component of the c.g. for the pickup tracKkhis 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 suspeded 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 vertical component of the c.g. for the 1100Ccleehvas determined utilizing a
procedure published by SAE][ Thelocation of the final c.g. is shown in Figurésand11 for

7
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test no. MNNWL1, Figures7 and 12 for test no. MNNW2, andFigures10 and 13 for test no.
MNNW-3. Data used to calculate the location of the c.g. and ballast information are shown in
Appendix B

Square, blackand whitecheckered targetsere placed on the vehisléor reference to
be viewed from the higepeed digital video cameras and aid in the video analysis, as shown in
11 through13. Round, checkered targets were plaaethe c.g. on the lefside door, the right
side door, and the roof of the velex

The front wheels of the test vehicles were aligned to vehicle standards exceptithe toe
value was adjusted to zesochthat the vehicles would track properly along the guide cable. A
5B flash bul b was mogatsideemhdsinetd wipeacdhwasviieedh byal e 6 s
pressure tape switch mounted at the impact corner of the front bumper. The flash bulb was fired
upon initial impact with the test article to create a visual indicator of the precise time of impact
on the highspeed digital videos. A remoet®ntrolled brake system was installed in the test
vehicles so the vehicles could be brought safely to a stop after each test.

4.4 Simulated Occupants

For test nosSMNNW-1, MNNW-2, and MNNW-3, a Hybrid Il 50"-Percentile, Adult
Male Dummy, equipped with clothing and footwear, was placed in thefrightt seat of each
test vehiclewith the seat belt fastened. The three dummies, which had final weights of 161 Ib (73
kg), 161 Ib (73 kg), and 160 Ib (73 kg) for test nbENNW-1, MNNW-2, and MNNW-3,
respectively, were represented by model no. 572 and were manufactured big Aydtems of
Carson, California. As recommended by MASH 2016, the dummies were not included in
calculating the c.g. location.

4.5 Data Acquisition Systems
4.5.1Accelerometers

Two environmental shock and vibration sensor/recorder systeere used to measure
the acelerations in the longitudinal, lateral, and vertical directiddlsaccelerometer systems
were mounted near the c.g. of the test vehicCléhe electronic accelerometer data obtained in
dynamic testing was filtered using the SAE Class 60 and the SAE CsfsButterworth filter
conforming to the SAE J211/1 specificatiod§)]|

The two systems, the SLICE and SLICE2 units were modular data acquisition
systems manufactured by Diversified Technical Systems, Inc. (DTS) of Seal Beach, California.
For test nosMNNW-1 andMNNW-3, the SLICE-2 unit was designated as the primary system.
For test noMNNW-2, the SLICE1 unit was designated as the primary system. Theeaatiein
sensors were mounted inside the ibedf custombuilt, SLICE 6DX event dataecordersand
recorded data at 10,000 Hz to the onboard microprocedsachSLICE 6DX was configured
with 7GBofnoav ol at i |l e fl ash memor y,rat@of 10800¢lz and f N5 0O (
1,650 Hz (CFC 1000) anélliasing fiterThe A SLI CEWar eo computer sof
customized Microsoft Excel worksheet were used to analyze and plot the accelerometer data.
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Figure2. Test Vehicle, Test N0MNNW-1
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Date: 212712018 Test Name: MNNW-1 VIN No: 1D7RB1CT0AS214480
Year: 2010 Make: Dodge Model: RAM 1500 Crew
Tire Size: 275-60 R20 Tire Inflation Pressure: 35 Psi Odometer: 11598

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

L iy ol
A: 761/2 (1943) B: 75314 (1924)
7842 (1950+50)
N T
C: 2293/8 (5826) D: 707/8 (1800)
237+13 (6020+325) 39+3 (1000£75)
E: 1401/2 (3569) F: 48 (1219)
W % . 148112 (3760£300)
S aiieR G: 29 9/_16 (751) H: 61 (1549)
min: 28 (710) 63+4 (1575+100)
‘ I: 133/4 (349) J: 25172 (648)
B
K: 22 (559) L: 301/2 (775)
M: 681/4 (1734) N: 683/8 (1737)
1— L 67+1.5 (1700£38) 67+1.5 (1700£38)
tt O: 451/4 (1149) P: 43/4 (121)
4324 (1100£75)
Q: 323/4 (832) R: 2112 (546)
c
S: 16 (406) T: 761/2  (1943)
U (impact width): 35 3/4 (908)
Mass Distribution Ib (kg)
Wheel Center
Gross Static LF 1471 (667) RF 1490 (676) Height (Front): 15 1/2 (394)
Wheel Center
LR 1097 (498) RR 1156 (524) Height (Rear): 15 3/4 (400)
Wheel Well
Clearance (Front): 36 (914)
Weights Wheel Well
Ib (kg) Curb Test Inertial Gross Static Clearance (Rear): 39 1/4 (997)
Bottom Frame
W-front 2955 (1340) 2860 (1297) 2961 (1343) Height (Front): 19 (483)
Bottom Frame
W-rear 2309 (1047) 2196 (996) 2253 (1022) Height (Rear): 26 3/4 (679)
W-total 5264 (2388) 5056 (2293) 5214 (2365) Engine Type: Gasoline
5000£110 (227050) 5165£110 (2343£50)
Engine Size: 5.7L
GVWR Ratings Ib Surrogate Occupant Data Transmission Type: Automatic
Front 3700 Type: Hybrid 11 Drive Type: RWD
Rear 3900 Mass: 161 Ib Cab Style: Crew Cab
Total 6700 Seat Position: Right Front Bed Length: 67"
Note any damage prior to test: Left box side above and behind rear wheel is scraped dand dented.

Figure4. Vehicle Dimensions, TestoNMNNW-1
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Figureb. Test Vehicle, Test No. MNNVZ
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Date: 212712018
Year: 2010
Tire Size: 185/65R14

Test Name: MNNW-2
Make: Hyundai
Tire Inflation Pressure: 32 Psi

Mass Distribution Ib (kg)
Gross Static LF 804 (365) RF 809 (367)
LR 479 (217) RR__ 503 (228)
Weights
Ib (kg) Curb Test Inertial Gross Static
W-front 1577 (715) 1530 (694) 1613 (732)
W-rear 899 (408) 901 (409) 982 (445)
W-total 2476  (1123) 2431 (1103) 2595  (1177)
2420155 (110025) 2585155 (1175£50)
GVWR Ratings Ib Surrogate Occupant Data
Front 1918 Type: Hybrid Il
Rear 1874 Mass: 161 Ib
Total 3638 Seat Position: Passenger

Note any damage prior to test:

Small dents and scrapes along the right side rear door.

VIN No: KMHCN4ACXBU610901
Model: Accent
Odometer: 200164
Vehicle Geometry - in. (mm)
Target Ranges listed below
A: 65314 (1670) B: 57 (1448)
6543 (1650+75)
C: 1683/8 (4277) D: 341/2 (876)
1698 (4300+200) 35+4 {900+100)
E: 983/4 (2508) F: 353/4 (908)
9815 (25004125)
G: 22 7116 (570) H: 36 5/8 (930)
39+4 (990+100)

I 7112 (191) Jr2 (533)
K: 111/8 (283) I: 23172 (597)
M: 577/8 (1470) N: 57 (1448)

5612 (142550) 5612 (1425+50)
O: 27172 (699) P: 41/2 (114)
24+4 (600+100)

Q: 22172 (572) R: 151/2 (394)

S: 113/4 (298) T: 641/2 (1638)

U (impact width): 28 7/8 (733)
Top of radiator core

support: 28 1/2 (724)
Wheel Center

Height (Front): 10 3/4 (273)
Wheel Center

Height (Rear): 11 (279)
Wheel Well

Clearance (Front): 3 1/4 (83)
Wheel Well
Clearance (Rear): 2 3/4 (70)

Bottom Frame

Height (Front): 6 (152)
Bottom Frame

Height (Rear): 9 5/8 (244)

Engine Type: Gasoline
Engine Size: 1.6L 4 cyl
Transmission Type: Automatic
Drive Type: FWD

Figure7. Vehicle Dimensions, Testo. MNNW-2
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Figure8. Test Vehicle, Test No. MNNV8
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Date: 4/4/2018
Year: 2011
Tire Size: 265/70 R17

Test Name:

Make:

Tire Inflation Pressure:

MNNW-3 VIN No: 1D7RB1CP7BX646567
Dodge Model: Ram 1500
37 Psi Odometer: 182968

Vehicle Geometry - in. (mm)

Target Ranges listed below

Note any damage prior to test:

None

A: 761/2 (1943) B: 74 (1880)
7842 (195050)
C: 2297/8 (5839) D: 423/8 (1076)
237+13 (6020+325) 39+3 (1000£75)
E: 1401/2 (3569) F: 47 (1194)
148+12 (3760+300)
G: 28 5/8 (727)  H: 61 _3/16 (1554)
min: 28 (710) 63+4 (1575+100)
Test Inertial CG
I: 12 (305) J: 2334 (603)
l K: 21 (533) L: 29172 (749)
c=
M: 661/4 (1683) N: 67314 (1721)
| ] 67£1.5 (1700£38) 67£1.5 (170038)
s @ _Kr L O: 441/8 (1121} P: 5 (127)
1 L] ‘ 434 (1100£75)
H Q3 (787) R: 181:/2 (470)
l~— D F—
S: 15318 (391) T: 755/8 (1921)
U (impact width): 35 1/2 (902)
Mass Distribution 1b (kg)
Wheel Center
Gross Static LF 1444 (655) RF 1492 (677) Height (Front): 15 (381)
Wheel Center
LR 1161 (527) RR___ 1091 (495) Height (Rear): 15 1/4 (387)
Wheel Well
Clearance (Front): 34 1/2 (876)
Weights Wheel Well
Ib (kg) Curb Test Inertial Gross Static Clearance (Rear): 38 (965)
Bottom Frame
W-front 2940 (1334) 2839 (1288) 2936 (1332) Height (Front): 18 1/2 (470)
Bottom Frame
W-rear 2325 (1055) 2189 (993) 2252 (1021) Height (Rear): 26 1/2 (673)
W-total 5265 (2388) 5028 (2281) 5188 (2353) Engine Type: 8cyl. Gas
5000£110 (2270£50) 51651110 (2343£50)
Engine Size: 4.7
GVWR Ratings Ib Surrogate Occupant Data Transmission Type: Automatic
Front 3700 Type: Hybrid Il Drive Type: RWD
Rear 3900 Mass: 160 Ib Cab Style: Crew Cab
Total 6800 Seat Position: Right Bed Length: 67"

Figurel0. Vehicle Dimensions, Test No. MNN\®
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Date: 2/28/2018 Test Name: MNNW-1 VIN: 1D7RB1CT0AS214480
Year: 2010 Make: Dodge Model: RAM 1500 Crew
A B C
— = — — — 7™ " |
f L - S~ [ [/ ‘ L |
" ! E |
G "u u " "
| . —o—
== e

[ |
| F |

Test Inertial CG

TARGET GEOMETRY-- in. (mm)

A 73 (1854) E: 54 1/8 (1375) J: 40 (1016)
B: 34 (864) F: 54 1/4 (1378) K: 29 1/2 (749)
c: 77 112 (1969) G: 31 118 (791) L: 43 3/8 (1102)

D: 43 3/4 (1111) H: 79 1/2 (2019) M: 63 3/4 (1619)

. 79 1/2 (2019)

Figurell Targe Geometry, Test NAINNW-1
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Date: 2/27/2018 Test Name: MNNW-2 VIN: KMHCN4ACXBU610901
Year: 2010 Make: Hyundai Model: Accent

)

A

i

Test Inertial CG

] &5 =
L« ié ( N
1 C@ D
G I
TARGET GEOMETRY-- in. (mm)
A 24 18 (613) F: 25 1/4 (641) K: 46 3/4 (1187)
Windshield Target
B: 43 1/2 (1105) G: 36 7/8 (937) L: 52 7/8 (1343)
Front round CG target
c: 8 12 (216) H: 22 5/8 (575) M: 28 3/4 (730)
D: 38 (965) I 61 7/8 (1572) N: 53 3/8 (1356)
Rear Round target
E: 14 (356) J: 29 (737)

Figurel2 Target Geometry, Test No. MNNA®/
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Date: 4/4/2018 Test Name: MNNW-3 VIN: 1D7RB1CP7BX646567
Year: 2011 Make: Dodge Model: Ram 1500
A B C
— = — — — M " |
f L - S [ [/ ‘ L |
" ! E !
G "u u " "
—o—
\ "
— - = -~
- g | ! o

| |
| F |

Test Inertial CG

TARGET GEOMETRY-- in. (mm)

A: 65 1/2 (1664)  E: 74 12 (1892)  J: 39 (991)
B: 33 1/2 (851) F: 74 172 (1892)  K: 28 1/4 (718)
c: 100 1/2  (2553) @G: 31 7/8 (810) L: 42 1/4 (1073)
D: 29 (737) H: 61 116  (1551) m: 61 (1549)

I 791116  (2024)

Figurel3. Target Geometry, Tebto. MNNW-3
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4 5.2Rate Transducers

Two identicalangular rate sensor systeaamounted inside thbodies of the SLICHE and
SLICE-2 event data recorders were usedmeasure the rates of rotation of the test vehicle
EachSLICE MICRO Triax ARShadarange of 1,500 degrees/sec in each of the three directions
(roll, pitch, and yaw)andrecorded data at 10,000 Hz to the onboard microproceskoe raw
data measurements were then downloaded, converted to the proper E@erf@nghalysis, and
pl otted. The ASLI CEWareo computer software
worksheet were used to analyze and plot the angular rate sensor data.

4.5.3Retroreflective Optic Speed Trap

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

4.5.4Digital Photography

Four AOS high-speel digital video camergselevenGoPro digital video cameras, and
two JVC digital video camerawvere utilized to film testno. MNNW-1. Four AOS highspeed
digital video cameragenGoPro digital video cameras, atwido JVC digital video camerawere
utilized to film test no.MNNW-2. Three AOS highspeed digital video cameratgn GoPro
digital video cameras, and twd/'C digital video camerawereused to film test N OMNNW-3.
Camera detailscamera operating speedsns information, anda schematic of the camera
locationsrelative to the systemare shown inFigures14 through 16 for test nos. MNNWL
through MNNW3, respectively

The high-speedvideos were analyzed usifigEMA Motion and RedLake MotionScope
softwareprograms Actual amera speed and camera divergence factors were considered in the
analysis of the higispeed videosA Nikon digital still camera waslsoused to document pre
and postest conditions foall tests

21
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GP #15
[

107" [32.6 m] | 10'=6" [3.2 m]

15’ [4.6 m] 82" [25.0 m]
3—6" [1.1 m]
Overhead Height:
63'-7" [19.4 m]
AOS #9
!!!g:: ﬁ?o Onboard: GP #5
:égs#ﬁs P #15 m | gp 17 E; #3 6P #e A0S #5
move #1 3 [0.9 m]_TiZi#mJ _1 —68 [551?“]11 2 WVC #4
23'-6" '[7.2 m] [02 m] — #2
32 [9.8 j{-a;a —8" [14.8 m]
1’-8" [0.5 m] 280'-10" [85.6 m]
No Type Operating Speed Lens Lens Setting
' (frames/sec)
AOS-2 AOS Vitcam 500 KOWA 16mmFixed -
AOS-5 AOS X-PRI 500 Telesar 135mnfrixed -
AOS-6 AOS X-PRI 500 Fujinon 50Fixed -
AOS-9 AOSTRI-VIT 2236 1000 KOWA 12mmFixed -
GP-3 GoPro Hero 3 w/ Cosmicar 12.5mm 120
GP-5 GoPro Hero 3 120
GP-6 GoPro Hero 3 120
GP-7 GoPro Hero 4 120
GP-8 GoPro Hero 4 240
GP-9 GoPro Hero 4 120
GP-10 GoPro Hero 4 240
GP-15 GoPro Hero 4 120
GP-16 GoPro Hero 4 240
GP-17 GoPro Hero 4 120
GP-18 GoPro Hero 4 120
JVC-1 JVCi G2-MC500 (Everio) 30
JVC4 JVCi G2-MG27u (Everio) 30

Figurel4. Camerd.ocations, Speedand LensSettings Test NoOMNNW-1
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217" [66.1 m]

£GP#1 7

63'—4" [19.3 m]
93'~5" [28.5 m Overhead Height: Bhbaard:
46'-2" [14.1 m 63'-6" [19.1 m] GP#5
’. AOS#9 GP#6
359" [10.9 m] GP#9
GF’#1 5 GP#10 GP#16
B(AOS#8 AOS#2 EMGP#18 AOCS#5)m
GP#7-JVC#4 CP#8 T2 5 4 576] 7 8 6 1011 J12 Ve
J 5' [1.5 m]—J \:
46'=2" [14.1 m] |=45'-6" [13.9 m]-~

No. Type Op()f? ;?nngg/sse%(;ed Lens Lens Setting
AOS-2 AOS Vitcam 500 KOWA 16mmFixed -
AOS-5 AOS X-PRI 500 Telesar 135mnirixed -
AOS-8 AOS SVIT 1531 500 Sigma 2870 50
AOS-9 AOS TRIVIT 2236 1000 KOWA 12mmFixed -

GP-5 GoPro Hero 3 120

GP-6 GoPro Hero 3 120

GP-7 GoPro Herot 120

GP-8 GoPro Hero 4 240

GP-9 GoPro Hero 4 120
GP-10 GoPro Hero 4 240
GP-15 GoPro Hero 4 120
GP-16 GoPro Hero 4 240
GP-17 GoPro Hero 4 120
GP-18 GoPro Hero 4 120
JVC-1 JVCi1 G2-MC500 (Everio) 30
JVC4 JVC i G2-MG27u (Everio) 30

Figurel5. Camera Locations, Speeds, and Lens Settings, Test No. MRINW
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GP#15

Overhead Height: 63’4" [19.3 m)]

81'—4" [24.8 m]

AOS#5 ym
JVC#2 Ml

35" [10.7 m] AOS#9
4 [1.2 m] GP#7 p—
2" [0.6 m]— 1 GP#10 nboard:
AOS#7mq .‘Gpég 417 HEN CP#18 P45
GP#9 I W = GP#6
JVC#3 1123 451087 8 9 101112
GP#16
—41" [12.5 m]
-—4'—3" [1.3 m]
t 36°'-2" [11.0 m]
62’ [18.9 m]—=
—=] 63'-3" [19.3 m] 294'-5" [89.7 m]

No. Type O?f? ;ﬁgglsse%(;ed Lens Lens Setting
AOS-5 AOS X-PRI 500 Telesar 135mm -
AOS-7 AOS X-PRI 500 Sigma 2870 28
AOS9 AOS TRRVIT 2236 500 Kowa 12mm -

GP-5 GoPro Hero 3+ 120
GP-6 GoPro Hero 3+ 120
GP-7 GoPro Herot 120
GP-8 GoPio Hero 4 240
GP-9 GoPio Hero 4 120
GP-10 GoPio Hero 4 240
GP-15 GoPo Hero 4 120
GP-16 GoPio Hero 4 240
GP-17 GoPo Hero 4 120
GP-18 GoPro Hero 4 120
JVGC-2 JVCi G2-MC500 (Everio) 30
JVC-3 JVC i G2-MG27u (Everio) 30

Figurel6. Camera Locations, Speeds, and Lens Settings, Test No. MBINW
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5 DESIGN DETAILS T TEST NOS. MNNW-1 AND MNNW -2

MnDOT utilizes several different post sizes, embedment depths, and wall heights to meet
the noise wall requirements for various areasiofse wall system with the same height as used
in test no. MNTR1 was selected for evaluat herein. This system was configured wothe of
the smaller wall heights and embedment depths utilized by MnDOT, which still provided a very
stiff and strong systm when placed in soil. Based on prior testing, the selected test configuration
parameters were believed to serve as a valid indicator of performance for the other
configurations.

The testinstallation consisted of a wood plank noise wall with concretspanda
glulamtimber rubrail, as shown in Figur&g through34 for testnos. MNNW-1 and MNNW-2.
Photographs of the test installation are showRigures35 and 36 for test no MNNW-1 and
Figures 37 and 38 for test no. MNNW-2. Material specifications, mill certifications, and
certificates of conformity for the system materials are showAppendix C

The test installation for thdarrier systm wascompsedof a wood plank noise wall
which spanned across twelve concrete supportspasdwas protected by 89 ft (27.in) of
glulam timberrail sections, as shown Figures17 and18. The total width of the system from
the front of the glulam timber rail to the back of the wood batten was 40% in. (1,035Ttrem).
glulam timber for the rail members and spacer blogks fabricated with CombinatioNo. 2
West Coast Douglas Firmat er i al , as s p e ALRADi kBridge Deasign AASHT
Specifications[4], which wasslightly weakerthan Combination no. 48 Southern Rifiéhe
glulamwas treated with pentachlorophenol in heavy oil to a minimum net retenté &f/f
(9.6 kg/n?), as pecified in AWPA Standard U1l to the requirements of Use Category 4A
(UC4A) [11]. The rail members werg3%2in. (343 mn) wide by10%in. (273 mn) deep with a
30-in. (762mm) top mounting hejht, as measured from the ground lioghe top of therubrail.
Five H-shapedsteelassemblies were used to spliogédther the rail ends, thus resultingthe
total rail length. TheH-shaped, weldedplice plates consisted of two ASTM A36 steel plates
measuringl3¥2in. wide x 29%in. long xE in. thick 343 mm x 743 mnx 10 mm) and one
orthogonalASTM A36 steel plateneasuringl3%2 in. wide x 10 inlo n g i thiék (343 mm x
254 mm x 10 mpwelded togetheas shown irFigure28. At all rail splice locations, eight 1%
in. (32-mm) diameer by 14in. (356mm) long ASTM A307 Grade Agalvanized dome head
bolts with a 1%zin. (32-mm) diameter flat washer and a 4t (32-mm) diameter hex nut were
used to attach to rail sections to the splice plates, as shdviguresl7 through19and28. The
rubrail was offset away from the posts with spacer blocks measfringwide x6 in. deep x
13%in. long 229 mmx 152 mmx 343 mnj, as shown irfriguresl?7 throughl9 and30.

Although it was preferred to use dome head bolts to attach the rubrail and spacer blocks
to the concrete posts, round head bwlitsombinationwith a washerequivalentin diameterto
the dome head boltsvere used insteadf dome head bolts. Througdhis substitution, lhe two
postto-rail bolts were %4n. (19mm) diameter by I&. (457-mm) long ASTM A307 Grade A
galvanizedround head boltwith a flat head kewith a ¥%in. (19mm) diameter washer that had
an outer diameter of 2 in. (51 mmihe postto-rail bolts were attached to the concrete posts
with field-installed threaded inserts.

A wood plank noise wall system was attached to th& bale of the concrete posts. The
noise wall planks consisted ofi2 x &in. x 16ft (51-mm x 203mm x 4.9m) tongue and
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groove wood planks with a minimum bending stress of 1,500 psi (10.3 MPa). The planks were
attached to the concrete posts with-m.2x 8in. x 10ft (51-mm x 203mm x 3.6m) wood

batten with a minimum bending stress of 1,500 psi (10.3 MPa) aAd.a&3L0in. x 10ft (76-

mm x 254mm x 3.0m) wood nailer with a minimum bending stress of 1,200 psi (8.3 MPa).

noise wall planks, naiteand battenvereobtained at a lower grade than specified. However, the
reduced strength of these timber products was deemedritical to the crashworthiness of the
noise wall system.

The entire system was constructed with twelve prestressed copost$e as shown in
Figuresl7, 26, 27, and29. All twelve posts wereconcrete sections measuring 12 in. wide x 18
in. deep x 18t long 305 mm x 457 mm x 5.5 m), as shown irFigure 26. The concrete posts
werespaced 8 ft (2.4m) on centerlong the length of the system with a soil embedment depth of
8 ft (2.4 m), as shown irFigures17 and 18. The posts were installed in a compacted coarse
crushed limestone soillhe concrete used for the prestressed concrete padta minimum
compressive strength of 5,506i (37.9 MPa.

The concrete postdtilized in the test installation were configured with floagitudinal
prestressingtrands in lieu ofongitudinal reinforcemenibars, as shown iRigure 26. The steel
prestressing strands consisted %4fin. (12.7mm) diameter,270ksi (1,862MPa) LO-LAX
prestress strandsxtending the length of the posthd& loop bars werem 3reinforcing bars53
in. (1.3 m)long, bent into a rectangular shape, amdre spacedl8 in. (457 mm)on center A
minimum concrete cover of 2 61 mn) was used for all #rebar and strands placed within
the postsThe reinforcing bars in the post wek&TM A615 Grade 60 epoxgoated rebarThe
post reinforcemerdetails are shown in Figur@é and27.

A BCT anchor cable assembly attachieelend post to a cable anchor bracket on the back
of the rubrail.Each cableanchorbracket was attached to the rail section with eightin. (32
mm) diameter by 14n. (356-mm) long ASTM A307 Grade Agalvanized dome head bolts and a
1%#in. (32-mm) diameterhex nut.

During installation of the test article, a few items were modified to ease construction,
including:

(1) The slots in the rubrail were not in the correct location. Thus, some slots in the rail
were enlarged to align pest-rail bolts with the threadkinserts in the concrete
posts. At post no. 5, a 2. (64mm) outer diameter washer was utilized due to an
oversized hole in the rail.

(2) The galvanized pogb-rail bolt threads were not compatible with the threads in the
zinc-plated threaded insestthat were installed in the posts. Thtise galvanization
was stripped from théreaded ends diolts so that they could hestalled

(3) The ends of the timber rubrails required planing to fit within thehBped splice
plates.

(4) For testing purposes only, dde-headed nails were used instead of part g3 to allow
the noise wall sections to remain intact when switching from the-fideknoise wall
configuration to the frorside noise wall configuration.
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After construction of the systena few modifications wer identified that would ease
construction of future installations. Although theise walland rubrail system can be installed in
the astested configuration shown in Figur&g through34, MWRSF would recommend future
installations utilize the modified system details shaw@hapterl2.
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Figurel9. Rail Section Details, Test NagINNW-1 andMNNW-2 (Recommended updates provided in Chapter 12)
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Notes: (1) Wall components hidden in Section E—E for clarity.
2) Batten (part e4) and batten screws (part g4) hidden on post
nos. 9 and 12 to show plank—to—vertical nailer attachment nailing

(3) No more than 2/3 of panel splices may occur at one location.
(4) Alternate parts e2 and e3 on upstream and downstream ends of
wall to create panel splice configuration described in note 3.
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Figure20. Noise Wall Details, Test NOMNNW-1 andMNNW-2 (Recommended updates provided in Chapter 12)
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Figure21. Timber Rai Downdream End Segmeitetails, Test NodVINNW-1 andMNNW-2 (Recommended updates provided in
Chapter 12)
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