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1 INTRODUCTION

1.1 Background and Problem Statement

The Minnesota Department of Transportation’s (MnDOT’s) glue-laminated timber
rubrail was developed for situations where a noise wall will be located within the clear zone and
when other types of protection are not considered desirable [1]. An example of an installed
configuration is shown in Figure 1, and the standard plans are shown in Appendix A.

Figure 1. MnDOT Noise Wall and Rubrail Installation

The crashworthiness of this combination noise wall and barrier system was previously
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 81 ft (24.7 m) of glulam timber rail sections that were
supported by eleven reinforced concrete posts [1]. The noise wall wood planks were not
installed. Test no. MNTR-1 was conducted using a 4,386-1b (1,989-kg) pickup truck impacting at
a speed of 61.8 mph (99.5 km/h) and at an angle of 25.3 degrees. The glulam rail and noise wall
barrier system successfully contained and redirected the pickup truck according to the Test Level
3 (TL-3) criteria published in NCHRP Report No. 350. However, the noise wall and rubrail
system had not been evaluated with the latest crash testing standard, the American Association of
State Highway and Transportation Officials (AASHTO) Manual for Assessing Safety Hardware
(MASH 2016) [3]. Therefore, a need existed to evaluate the rubrail design according the TL-3
requirements found in MASH 2016.
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1.2 Objective

The objective of the research project was to modify an existing design and evaluate the
safety performance of the MnDOT noise wall system with glulam timber rubrail. The system
was to be evaluated according to the TL-3 safety performance criteria set forth in MASH 2016.
In addition, the glulam rubrail was to be analyzed and modified, if necessary. Two
configurations were to be evaluated — one with the wood noise wall planks installed on the back
side of the concrete posts and another with planks installed on the 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 roadways, thus ensuring the safety of the motoring public with the
current vehicle fleet.

1.3 Scope

The research objective was achieved through the completion of several tasks. First, an
analysis phase was conducted in order to evaluate the capacity of the existing timber rubrail, and
the timber rail was redesigned. After the final design was completed, the system was fabricated
and constructed at the Midwest Roadside Safety Facility (MwRSF) Outdoor Test Site. Three full
scale vehicle crash tests were performed with a 5,000-1b (2,270-kg) pickup truck using back-side
sound panels, a 2,420-Ib (1,100-kg) small passenger car using back-side sound panels, and a
5,000-1b (2,270 kg) pickup truck using front-side sound panels. Each of the tests utilized a target
impact speed of 62 mph (100.0 km/h) and a target impact angle of 25 degrees for MASH 2016
TL-3 impact conditions. Finally, the test results were analyzed, evaluated, and documented.
Conclusions and recommendations were then made pertaining to the safety performance of the
noise wall and glulam timber rubrail system.
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2 BARRIER DESIGN

Minnesota’s existing standard plans for the noise wall and rubrail system are shown in
Appendix A. The rubrail is currently specified as a glue-laminated wood rubrail fabricated with
Combination No. 48 Southern Pine or Combination No. 2 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 test designation no. 3-11 impact conditions, and the rail
sustained no major damage [1]. However, the nominal impact severity of test designation no. 3-
11 has increased 13.3 percent, from 101.5 kip-ft (137.6 kJ) under NCHRP Report No. 350 to
115.1 kip-ft (156.1 kJ) under MASH 2016. This increase is due to an increase in vehicle mass in
the modern vehicle fleet. The lateral design force for a NCHRP Report No. 350 TL-3 bridge rail,
which is commonly used for roadside barriers as well, has historically been 54.0 kips (240 kN)
applied over a 4-ft (1.2-m) length [4]. Recently, the final report on NCHRP Project 22-20 [5]
recommended a 70-kip (311-kN) load applied over a 4-ft (1.2 m) length for barrier design under
MASH 2016 TL-3 [5]. With the increased impact severity and lateral force, the existing rubrail
may not have a sufficient capacity under MASH test designation no. 3-11 impact conditions.
Thus, the capacity of the rail was evaluated.

The American Wood Council’s National Design Specification (NDS) for Wood
Construction was utilized to evaluate the capacity of the glue-laminated rubrail [6]. The
allowable bending stress to use for design was 4.49 ksi (31.0 MPa) and 4.04 ksi (27.9 MPa) for
Combination No. 48 Southern Pine and Combination No. 2 Western Species, respectively.
Utilizing the 70-kip (311-kN) load distributed over 4 ft (1.2 m) and assuming a simply-supported
connection at the posts spaced 8 ft (2.4 m) apart, the calculated bending stress was 7.31 ksi (50.4
MPa), which is much greater than the allowable bending stress. Utilizing the 54-kip (240-kN)
load distributed over 4 ft (1.2 m) and assuming a simply-supported connection at the posts
spaced 8 ft (2.4 m) apart, the calculated bending stress was 5.64 ksi (38.9 MPa), which was 25.6
percent greater than the allowable bending stress for Combination No. 48 Southern Pine and 39.6
percent greater than the allowable bending stress for Combination No. 2 Western Species. 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 same ratios of actual/allowable bending stress with the
54-Kkip (240-kN) load (1.256 for Combination No. 48 Southern Pine and 1.396 for Combination
No. 2 Western Species) could be utilized for the rail design with the 70-kip (311.4-kN) load
without excessive bending stress occurring in the MASH 2016 test designation no. 3-11 crash
test. A 10-in. (254-mm) deep by 13%-in. (343-mm) tall rubrail was calculated to produce similar
actual/allowable bending stress ratios and was anticipated to perform acceptably. However, a 10-
in. (254-mm) deep beam is considered to be non-standard size. Therefore, a 10%-in. (273-mm)
deep by 13%-in. (343-mm) tall rubrail, which is a standard glue-laminated size, was calculated to
produce an actual/allowable bending stress ratio of 1.112 and 1.234 percent for the Combination
No. 48 Southern Pine and Combination No. 2 Western Species, respectively. Since these ratios
are less than the ratios of the prior crash-tested rubrail, the research team believed that they
would perform acceptably, and that the rubrail section would not fail due to excessive bending
stress. Therefore, a 10%-in. (273-mm) deep by 13%-in. (343-mm) tall glue-laminated wood
rubrail fabricated with Combination No. 48 Southern Pine or Combination No. 2 Western
Species material was recommended for the crash testing program.

3
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3 TEST REQUIREMENTS AND EVALUATION CRITERIA

3.1 Test Requirements

Longitudinal barriers, such as the noise wall and timber rubrail system, 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 guidelines and procedures published in MASH
2016 [3]. According to TL-3 of MASH 2016, longitudinal barrier systems must be subjected to
two full-scale vehicle crash tests, as summarized in Table 1.

Note that there is no difference between MASH 2009 and MASH 2016 for longitudinal
barriers, such as the system tested in this project, except additional occupant compartment
deformation measurements and documentation are required by MASH 2016. For the evaluation
of the back-side noise wall configuration, both test designation nos. 3-10 and 3-11 were
conducted. For the evaluation of the front-side noise wall configuration, only test designation no.
3-11 was conducted. Test designation no. 3-10 with the front-side noise wall configuration was
deemed to be non-critical if test designation no. 3-11 with the front-side configuration and both
back-side configuration tests were successful. The system was expected to have a similar
stiffness with the front-side and back-side configurations and the car could potentially extend
farther under or over top of the rail with the back-side configuration. Thus, the back-side wall
configuration was used for test designation no. 3-10.

Table 1. MASH 2016 TL-3 Crash Test Conditions for Longitudinal Barriers

Test Test . Test \V/\/e;igcl:? Ismzzgt e Evaluation

Article Demlglr;?tlon Vehicle Ib nﬁph A(\jr;gle Criteria®
(kg) (km/h) g

Longitudinal | >0 1100C (5141%8) (1(?5.0) 25 ADFHI

Barrier 311 2270P (g:ggg) (185_0) 25 ADFH,I

! Evaluation criteria explained in Table 2

3.2 Evaluation Criteria

Evaluation criteria for full-scale vehicle crash testing are based on three appraisal areas:
(1) structural adequacy; (2) occupant risk; and (3) vehicle trajectory after collision. Criteria for
structural adequacy are intended to evaluate the ability of the noise wall system to 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 vehicle.
Post-impact vehicle 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 evaluation criteria are



January 31, 2019
MwRSF Report No. TRP-03-396-19

summarized in Table 2 and defined in greater detail in MASH 2016. The full-scale vehicle crash
tests were conducted and reported in accordance with the procedures provided in MASH 2016.

In addition to the standard occupant risk measures, the Post-Impact Head Deceleration
(PHD), the Theoretical Head Impact Velocity (THIV), and the Acceleration Severity Index (ASI)
were determined and reported. Additional 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 MASH 2016, foundation soil strength
must be verified before any full-scale crash testing can occur for any soil-dependent system. Due
to the large post section, heavy mass, and significant post embedment depth, the system should
have adequate strength in varying soil types and was not considered to have soil dependence
under TL-3 impact loading. However, the soil strength was still evaluated prior to the first full-
scale crash test, but it was not re-evaluated before subsequent tests. A W6x16 (W152x23.8) post
was installed near the impact region utilizing a similar installation procedure as the system itself.
Prior to full-scale crash 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), as measured at a height of 25 in. (635 mm) above the ground line. If dynamic testing
near the system is not desired, MASH 2016 permits a static test to be conducted instead and
compared against the results of a previously established baseline test. In this situation, the soil
must provide a resistance of at least 90% of the static baseline test at deflections of 5, 10, and 15
in. (127, 254, and 381 mm). Further details can be found in Appendix B of MASH 2016.
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Table 2. MASH 2016 Evaluation Criteria for Longitudinal Barrier

Structural
Adequacy

A

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

Occupant
Risk

Detached elements, fragments or other debris from the test article
should not penetrate or show potential for penetrating the occupant
compartment, or present an undue hazard to other traffic,
pedestrians, or personnel in a work zone. Deformations of, or
intrusions into, the occupant compartment should not exceed limits
set forth in Section 5.2.2 and Appendix E of MASH 2016.

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

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

Occupant Impact Velocity Limits

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

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

Occupant Ridedown Acceleration Limits

Component Preferred Maximum

Longitudinal and Lateral 15.0 g’s 20.49 g’s
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4 TEST CONDITIONS
4.1 Test Facility

The Outdoor Test Site is located at the Lincoln Air Park on the northwest side of the
Lincoln Municipal Airport and is approximately 5 miles (8.0 km) northwest of the University of
Nebraska-Lincoln.

4.2 Vehicle Tow and Guidance System

A reverse-cable, 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 were one-half 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 increased the accuracy of the test vehicle impact speed.

A vehicle guidance system developed by Hinch [7] was used to steer the test vehicle. A
guide flag, attached to the left-front wheel and the guide cable, was sheared off before impact
with the barrier system. The 3&-in. (9.5-mm) diameter guide cable was tensioned to
approximately 3,500 Ib (15.6 kN) and supported both laterally and vertically every 100 ft (30.5
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 guide flag struck and knocked each stanchion to
the ground.

4.3 Test Vehicles

For test no. MNNW-1, a 2010 Dodge Ram 1500 Crew Cab pickup truck was used as the
test vehicle. The curb, test inertial, and gross static vehicle weights were 5,264 b (2,388 kg),
5,056 Ib (2,293 kg), and 5,214 Ib (2,365 kQ), respectively. The test vehicle is shown in Figures 2
and 3, and vehicle dimensions are shown in Figure 4.

For test no. MNNW-2, a 2010 Hyundai Accent was used as the test vehicle. The curb,
test inertial, and gross static vehicle weights were 2,476 Ib (1,123 kg), 2,431 Ib (1,103 kg), and
2,595 Ib (1,177 Kkg), respectively. The test vehicle is shown in Figures 5 and 6, and vehicle
dimensions are shown in Figure 7.

For test no. MNNW-3, a 2011 Dodge Ram 1500 Crew Cab pickup truck was used as the
test vehicle. The curb, test inertial, and gross static vehicle weights were 5,265 Ib (2,388 kg),
5,028 Ib (2,281 kg), and 5,188 Ib (2,353 kg), respectively. The test vehicle is shown in Figures 8
and 9, and vehicle dimensions are shown in Figure 10.

The longitudinal component of the center of gravity (c.g.) was determined using the
measured axle weights. The Suspension Method [8] was used to determine the vertical
component of the c.g. for the pickup trucks. This method is based on the principle that the c.g. of
any freely suspended body is in the vertical plane through the point of suspension. The vehicle
was suspended 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 1100C vehicle was determined utilizing a
procedure published by SAE [9]. The location of the final c.g. is shown in Figures 4 and 11 for

7
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test no. MNNW-1, Figures 7 and 12 for test no. MNNW-2, and Figures 10 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, black- and white-checkered targets were placed on the vehicles for reference to
be viewed from the high-speed digital video cameras and aid in the video analysis, as shown in
11 through 13. Round, checkered targets were placed at the c.g. on the left-side door, the right-
side door, and the roof of the vehicles.

The front wheels of the test vehicles were aligned to vehicle standards except the toe-in
value was adjusted to zero such that the vehicles would track properly along the guide cable. A
5B flash bulb was mounted on each vehicle’s right-side windshield wiper and was fired by a
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 high-speed digital videos. A remote-controlled 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 nos. MNNW-1, MNNW-2, and MNNW-3, a Hybrid 11 50"-Percentile, Adult
Male Dummy, equipped with clothing and footwear, was placed in the right-front seat of each
test vehicle with 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 nos. MNNW-1, MNNW-2, and MNNW-3,
respectively, were represented by model no. 572 and were manufactured by Android Systems of
Carson, California. As recommended by MASH 2016, the dummies were not included in
calculating the c.g. location.

4.5 Data Acquisition Systems
4.5.1 Accelerometers

Two environmental shock and vibration sensor/recorder systems were used to measure
the accelerations in the longitudinal, lateral, and vertical directions. All accelerometer systems
were mounted near the c.g. of the test vehicles. The electronic accelerometer data obtained in
dynamic testing was filtered using the SAE Class 60 and the SAE Class 180 Butterworth filter
conforming to the SAE J211/1 specifications [10].

The two systems, the SLICE-1 and SLICE-2 units, were modular data acquisition
systems manufactured by Diversified Technical Systems, Inc. (DTS) of Seal Beach, California.
For test nos. MNNW-1 and MNNW-3, the SLICE-2 unit was designated as the primary system.
For test no. MNNW-2, the SLICE-1 unit was designated as the primary system. The acceleration
sensors were mounted inside the bodies of custom-built, SLICE 6DX event data recorders and
recorded data at 10,000 Hz to the onboard microprocessor. Each SLICE 6DX was configured
with 7 GB of non-volatile flash memory, a range of +500 g’s, a sample rate of 10,000 Hz, and a
1,650 Hz (CFC 1000) anti-aliasing filter. The “SLICEWare” computer software program and a
customized Microsoft Excel worksheet were used to analyze and plot the accelerometer data.
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Figure 2. Test Vehicle, Test No. MNNW-1
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s Interior Floorboard and Undercarriage, Test No. MNNW-1

2

Figure 3. Test Vehicle
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Date: 212712018
Year: 2010
Tire Size: 275-60 R20

Test Name:
Make:

Tire Inflation Pressure:

MNNW-1
Dodge

35 Psi

Test Inertial CG

Note any damage prior to test:

Left box side above and behind rear wheel is scraped dand dented.

B
T 1
kb
4
c
Mass Distribution Ib (kg)
Gross Static LF 1471 (667) RF 1490 (676)
LR 1097 (498) RR 1156 (524)
Weights
Ib (kg) Curb Test Inertial Gross Static
W-front 2955 (1340) 2860 (1297) 2961 (1343)
W-rear 2309 (1047) 2196 (996) 2253 (1022)
W-total 5264 (2388) 5056 (2293) 5214 (2365)
5000110 (227050) 5165110 (234350)
GVWR Ratings Ib Surrogate Occupant Data
Front 3700 Type: Hybrid I
Rear 3900 Mass: 161 b
Total 6700 Seat Position: Right Front

VIN No:

1D7RB1CT0AS214480

Model:

RAM 1500 Crew

Odometer:

11598

Vehicle Geometry - in. (mm)

Target Ranges listed below

76 1/2 (1943) B: 753/4 (1924)
7842 (1950+50)
2293/8 (5826) D: 707/8 (1800)
237+13 (6020+325) 39+3 (1000£75)
1401/2 (3569) F: 48 (1219)
148112 (3760+300)
29 916 (751) H: (1549)
min: 28 (710) 6314 (1575£100)
13 3/4 (349) J: 25172 (648)
22 (559) L: 301/2 (775)
681/4 (1734) N: 683/8 (1737)
67£1.5 (1700£38) 6711.5 (1700£38)
451/4 (1149) P: 43/ (121)
4314 (1100£75)
32 3/4 (832) R: 211/2 (546)
16 (4086) T: 761/2  (1943)
U (impact width): 35 3/4 (908)
Wheel Center
Height (Front): 151/2 (394)

Wheel Center

Height (Rear): 15 3/4 (400)
Wheel Well
Clearance (Front):

Wheel Well
Clearance (Rear):

Bottom Frame

Height (Front):

Bottom Frame

Height (Rear):

Engine Type:
Engine Size:
Transmission Type:
Drive Type:

Cab Style:

Bed Length:

36 (914)
39 1/4
19 (483)

26 3/4

(997)

(679)
Gasoline
5.7L
Automatic
RWD
Crew Cab

67"

Figure 4. Vehicle Dimensions, Test No. MNNW-1
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Figure 5. Test Vehicle, Test No. MNNW-2
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Figure 6. Test Vehicle’s Interior Floorboard and Undercarriage, Test No. MNNW-2
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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

653/4 (1670) B: 57 (1448)
653 (1650475)

168 3/8 (4277) D: 34172 (876)
1698 (4300+200) 354 (900+100)
983/4 (2508) F: 353/4 (908)

9815 (2500+125)
122 7116 (570) H: 36 5/8 (930)
39+4 (990+100)
7112 {191) Jro21 (533)
111/8 (283) I: 23172 (597)
577/8 (1470) N: 57 (1448)
5612 (142550) 5612 (1425+50)
27172 (699) P: 4112 (114)
244 (600+100)
22172 (672) R: 151/2 (394)
11 3/4 (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

Figure 7. Vehicle Dimensions, Test No. MNNW-2
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Figure 8. Test Vehicle, Test No. MNNW-3
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Figure 9. Test Vehicle’s Interior Floorboard and Undercarriage, Test No. MNNW-3
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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)
23713 (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)
m l K: 21 (533) L: 29172 (749)
= c=
M: 661/4 (1683) N: 67314 (1721)
| — ] 67£1.5 (1700£38) 67£1.5 (170038)
c'; s @5@ —p‘(_ L O: 441/8 (1121} P: 5 (127)
t T L] ‘ 43+4 (1100£75)
H Q_ 3 (787) R: 18172 (470)
=—D E F—
c S: 15318 (391) T: 755/8 (1921)
U (impact width): 35 1/2 (902)
Mass Distribution Ib (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 (227050) 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"

Figure 10. Vehicle Dimensions, Test No. MNNW-3
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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)

Figure 11. Target Geometry, Test No. MNNW-1
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Date: 2/27/2018 Test Name: MNNW-2 VIN: KMHCN4ACXBU610901
Year: 2010 Make: Hyundai Model:

)

A

i

Test Inertial CG

] &5 =
L« ié ( N
1 C@ &
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)

Figure 12. Target Geometry, Test No. MNNW-2

19



January 31, 2019
MwRSF Report No. TRP-03-396-19

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)

Figure 13. Target Geometry, Test No. MNNW-3
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4.5.2 Rate Transducers

Two identical angular rate sensor systems mounted inside the bodies of the SLICE-1 and
SLICE-2 event data recorders were used to measure the rates of rotation of the test vehicles.
Each SLICE MICRO Triax ARS had a range of 1,500 degrees/sec in each of the three directions
(roll, pitch, and yaw) and recorded data at 10,000 Hz to the onboard microprocessors. The raw
data measurements were then downloaded, converted to the proper Euler angles for analysis, and
plotted. The “SLICEWare” computer software program and a customized Microsoft Excel
worksheet were used to analyze and plot the angular rate sensor data.

4.5.3 Retroreflective Optic Speed Trap

The retroreflective optic speed trap was used to determine the speed of the vehicles
before impact. Five retroreflective targets, spaced at approximately 18-in. (457-mm) intervals,
were applied to the side of the vehicles. When the emitted beam of light was reflected by the
targets and returned to 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 and the time between
the signals. LED lights and high-speed digital video analysis are only used as a backup in the
event that vehicle speeds cannot be determined from the electronic data.

4.5.4 Digital Photography

Four AOS high-speed digital video cameras, eleven GoPro digital video cameras, and
two JVC digital video cameras were utilized to film test no. MNNW-1. Four AOS high-speed
digital video cameras, ten GoPro digital video cameras, and two JVC digital video cameras were
utilized to film test no. MNNW-2. Three AOS high-speed digital video cameras, ten GoPro
digital video cameras, and two JVC digital video cameras were used to film test no. MNNW-3.
Camera details, camera operating speeds, lens information, and a schematic of the camera
locations relative to the system are shown in Figures 14 through 16 for test nos. MNNW-1
through MNNW-3, respectively.

The high-speed videos were analyzed using TEMA Motion and RedLake MotionScope
software programs. Actual camera speed and camera divergence factors were considered in the
analysis of the high-speed videos. A Nikon digital still camera was also used to document pre-
and post-test conditions for all tests.

21



(44

GP #15
[

A0S #5
NC #4

107' [32.6 m] | 10'-8" [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
GP #9 Onboard: GP #5
w A0S #5 OF #1 o ’E;G;':w#w oP #3 o
=§\'/:C #;1 _TE‘ 15 ?1\?2
5 [0.9 m] #13 —-1 '—6" [0.5 m]
23'-6" '[7.2 m] [02 m] R #2
32 [9.8 jI—AB —8" [14.8 m]
1’-8” [0.5 m] 280'-10" [85.6 m]

No. Type O??::;:r;g/?eie)ed Lens Lens Setting
AQOS-2 AQOS Vitcam 500 KOWA 16mm Fixed -
AOS-5 AOS X-PRI 500 Telesar 135mm Fixed -
AOS-6 AOS X-PRI 500 Fujinon 50 Fixed -
AOS-9 AOS TRI-VIT 2236 1000 KOWA 12mm Fixed -

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 JVC — G2-MC500 (Everio) 30
JVC-4 JVC - G2-MG27u (Everio) 30

Figure 14. Camera Locations, Speeds, and Lens Settings, Test No. MNNW-1
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35'-9" [10.9 m]
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’-46’—2" [14.1 m

GP#15
.‘P18 i

217" [66.1 m]

£GP#1 7

63)_4)1

Overhead Height:
63'—6" [19.1 m]
AOS#9
GP#9

GP#10 GP#16

6! ]

3]

|

6]

T2 s 7 8
5 [1.5 m
46'-2" [14.1 m]

o} 5] 2]
9 1011 [12

5'—6” [13.9 m]-

19.3 m]

Onboard:
GP#5
GP#6

No. Type Opz;r:;:r;g/?e%ed Lens Lens Setting

AOS-2 AOS Vitcam 500 KOWA 16mm Fixed -
AOS-5 AOS X-PRI 500 Telesar 135mm Fixed -
AOS-8 AOS S-VIT 1531 500 Sigma 28-70 50
AOS-9 AOS TRI-VIT 2236 1000 KOWA 12mm Fixed -
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 JVC — G2-MC500 (Everio) 30

JVC-4 JVC - G2-MG27u (Everio) 30

Figure 15. Camera Locations, Speeds, and Lens Settings, Test No. MNNW-2
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GP#15

81'—4" [24.8 m]

Overhead Height: 63’4" [19.3 m]

AOS#5 ym
JVC#2 Ml

35" [10.7 m] AOS#9
4 [1.2 m] GP#7 -
2' [0.6 m]— 1 P48 GP#10 nboard:
AOS#7% GP#5
e AV L N A orho
JVC#3 112 3 45167 8 9 101112
GP#16 1
41" [12.5 m]
-—4'—3" [1.3 m]
f 36°-2" [11.0 m]
62’ [18.9 m]—=
—=| 63'-3" [19.3 m] 294'-5" [89.7 m]

No. Type O??::;Zglseie)ed Lens Lens Setting
AOS-5 AOS X-PRI 500 Telesar 135mm -
AQS-7 AOS X-PRI 500 Sigma 28-70 28
AOS-9 AOS TRI-VIT 2236 500 Kowa 12mm -

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-2 JVC — G2-MC500 (Everio) 30
JVC-3 JVC — G2-MG27u (Everio) 30

Figure 16. Camera Locations, Speeds, and Lens Settings, Test No. MNNW-3
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5 DESIGN DETAILS - 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 areas. A noise wall system with the same height as used
in test no. MNTR-1 was selected for evaluation herein. This system was configured with one of
the smaller wall heights and embedment depths utilized by MnDOT, which still provided a very
stiff and strong system 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 test installation consisted of a wood plank noise wall with concrete posts and a
glulam timber rubrail, as shown in Figures 17 through 34 for test nos. MNNW-1 and MNNW-2.
Photographs of the test installation are shown in Figures 35 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 shown in Appendix C.

The test installation for the barrier system was composed of a wood plank noise wall,
which spanned across twelve concrete support posts and was protected by 89 ft (27.1 m) of
glulam timber rail sections, as shown in Figures 17 and 18. The total width of the system from
the front of the glulam timber rail to the back of the wood batten was 40% in. (1,035 mm). The
glulam timber for the rail members and spacer blocks was fabricated with Combination No. 2
West Coast Douglas Fir material, as specified in AASHTO’s LRFD Bridge Design
Specifications [4], which was slightly weaker than Combination no. 48 Southern Pine. The
glulam was treated with pentachlorophenol in heavy oil to a minimum net retention of 0.6 Ib/ft®
(9.6 kg/m®), as specified in AWPA Standard Ul to the requirements of Use Category 4A
(UC4A) [11]. The rail members were 13% in. (343 mm) wide by 10% in. (273 mm) deep with a
30-in. (762-mm) top mounting height, as measured from the ground line to the top of the rubrail.
Five H-shaped steel assemblies were used to splice together the rail ends, thus resulting in the
total rail length. The H-shaped, welded splice plates consisted of two ASTM A36 steel plates
measuring 13% in. wide x 29% in. long x ¥z in. thick (343 mm x 743 mm x 10 mm) and one
orthogonal ASTM A36 steel plate measuring 13% in. wide x 10 in. long x % in. thick (343 mm x
254 mm x 10 mm) welded together as shown in Figure 28. At all rail splice locations, eight 1vs-
in. (32-mm) diameter by 14-in. (356-mm) long ASTM A307 Grade A galvanized dome head
bolts with a 1¥%-in. (32-mm) diameter flat washer and a 1%-in. (32-mm) diameter hex nut were
used to attach to rail sections to the splice plates, as shown in Figures 17 through 19 and 28. The
rubrail was offset away from the posts with spacer blocks measuring 9 in. wide x 6 in. deep X
13% in. long (229 mm x 152 mm x 343 mm), as shown in Figures 17 through 19 and 30.

Although it was preferred to use dome head bolts to attach the rubrail and spacer blocks
to the concrete posts, round head bolts in combination with a washer, equivalent in diameter to
the dome head bolts, were used instead of dome head bolts. Through this substitution, the two
post-to-rail bolts were %-in. (19-mm) diameter by 18-in. (457-mm) long ASTM A307 Grade A
galvanized round head bolts with a flat head key with a %-in. (19-mm) diameter washer that had
an outer diameter of 2 in. (51 mm). The post-to-rail bolts were attached to the concrete posts
with field-installed threaded inserts.

A wood plank noise wall system was attached to the back side of the concrete posts. The
noise wall planks consisted of 2-in. x 8-in. x 16-ft (51-mm x 203-mm x 4.9-m) 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 a 2-in. x 8-in. x 10-ft (51-mm x 203-mm x 3.0-m) wood
batten with a minimum bending stress of 1,500 psi (10.3 MPa) and a 3-in. x 10-in. x 10-ft (76-
mm X 254-mm x 3.0-m) wood nailer with a minimum bending stress of 1,200 psi (8.3 MPa). The
noise wall planks, nailer, and batten were obtained at a lower grade than specified. However, the
reduced strength of these timber products was deemed non-critical to the crashworthiness of the
noise wall system.

The entire system was constructed with twelve prestressed concrete posts, as shown in
Figures 17, 26, 27, and 29. All twelve posts were concrete sections measuring 12 in. wide x 18
in. deep x 18 ft long (305 mm x 457 mm x 5.5 m), as shown in Figure 26. The concrete posts
were spaced 8 ft (2.4 m) on center along the length of the system with a soil embedment depth of
8 ft (2.4 m), as shown in Figures 17 and 18. The posts were installed in a compacted coarse
crushed limestone soil. The concrete used for the prestressed concrete posts had a minimum
compressive strength of 5,500 psi (37.9 MPa).

The concrete posts utilized in the test installation were configured with the longitudinal
prestressing strands in lieu of longitudinal reinforcement bars, as shown in Figure 26. The steel
prestressing strands consisted of %-in. (12.7-mm) diameter, 270-ksi (1,862-MPa) LO-LAX
prestress strands extending the length of the post. The loop bars were no. 3 reinforcing bars, 53
in. (1.3 m) long, bent into a rectangular shape, and were spaced 18 in. (457 mm) on center. A
minimum concrete cover of 2 in. (51 mm) was used for all the rebar and strands placed within
the posts. The reinforcing bars in the post were ASTM A615 Grade 60 epoxy-coated rebar. The
post reinforcement details are shown in Figures 26 and 27.

A BCT anchor cable assembly attached the end post to a cable anchor bracket on the back
of the rubrail. Each cable anchor bracket was attached to the rail section with eight 1%-in. (32-
mm) diameter by 14-in. (356-mm) long ASTM A307 Grade A galvanized dome head bolts and a
1¥%-in. (32-mm) diameter hex 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 post-to-rail bolts with the threaded inserts in the concrete
posts. At post no. 5, a 2%-in. (64-mm) outer diameter washer was utilized due to an
oversized hole in the rail.

(2) The galvanized post-to-rail bolt threads were not compatible with the threads in the
zinc-plated, threaded inserts that were installed in the posts. Thus, the galvanization
was stripped from the threaded ends of bolts so that they could be installed.

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

(4) For testing purposes only, double-headed nails were used instead of part g3 to allow
the noise wall sections to remain intact when switching from the back-side noise wall
configuration to the front-side noise wall configuration.
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After construction of the system, a few modifications were identified that would ease
construction of future installations. Although the noise wall and rubrail system can be installed in
the as-tested configuration shown in Figures 17 through 34, MwWRSF would recommend future
installations utilize the modified system details shown in Chapter 12.

27



8¢

e Ve of o

|_96'('[T$g§>8] _‘

89'—0"[27127]

|_>F

1207130487 |-

Bs o

Bs o

L —I' o se Y

|1

o
A
Y

s o
A

10 9 8 7 6 5 4 3 2 1
N o = P - PP 4 P B PO I =3
Y 1 ) \:‘E/l N |
L-126"[3200]—J-—‘92('}[YA§)77]——1 12"[305]—-| L— A zl. L—174"[44zo]——|
PLAN VIEW Impact
2270P

[e2 %)
— Ground

J \ \/ Line
30"762] \@ 1 | ]
96”2438 ] |
D @ 2 ; @2 @
1
” | » F Splice Plate
e [305]4‘ L Assembly
ELEVATION VIEW
Notes: (1) Test shall be performed according to test designation no. 3—11 of - TSHEET:
MASH. MNDOT Noise Wall 1 of 17
(2) El';e émpact location is 12" [305] upstream of the centerline of post Timber Rail -
(3) Post nos. 1 and 12 (c1) have ¢2 1/2” [64] through hole near Test No. MNNW-—1 i
groundline. DRAWN BY:
. . System Layout
Midwest Roadside PRy
Sofety F(] Clllty DWG. NAME. [SCALE: 1:120 |REV. BY:
MNNW—1_R22 UNITS: in.[mm] JElé(KAL JD
5 /RKF/JCH

Figure 17. System Layout, Test No. MNNW-1 (Recommended updates provided in Chapter 12)

6T-96€-€0-dY.L 'ON Loday 4SHMIA

6102 ‘1€ Asenuer



6¢

11 10 9

E+_12“_+E Dr“__

3 2

S 2 R - S PO N - O N L0 0y
i P i P \‘:I:// I
L—‘I26"[3200]4—J—7192"_|,[Y4PB77]4—‘ 43 5/16"[1100]~|———| i l L7174"[4420]4.[
(TYP) 2k
PLAN VIEW Z Impact
1100C
89'—0"[27127]
967[2438] F
" (TYP) '1 I -
> T
12030481 |- -
Y se Y = Y HIH % Y % N - Y HEH % 2o )
X ) 1 a 2 A —<] | /Ground
J \ \—/ Line
307[762] \@ !
96"[2438] |
D ) @2 . 2 S
1
» I_.F Splice Plate
12 [305].| L Assembly
ELEVATION VIEW
Notes: (1) Test shall be performed according to test designation no. 3—10 of - e
MASH. MNDOT Noise Wall 1of 17
(2) The impact location is 43 5/16" [1,100] upstream of the centerline Tirriber Rail m—
of the splice upstream of post no. 7. 1‘/1'5/2015
(3) Post nos. 1 and 12 (c1) have @2 1/2” [64] through hole near Test No. MNNW-2
groundline. DRAWN BY:
Midwest Roadside| '™ H°% B
Scfety FGCIllty DWG. NAME. [SCALE: 1:120 [REV. BY:
MNNW—2_R8 UNTS: in [mrm] | JEK/RKE/
JBS,/JCH
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Figure 21. Timber Rail Downstream End Segment Details, Test Nos. MNNW-1 and MNNW-2 (Recommended updates provided in

Chapter 12)

6T-96€-€0-dY.L 'ON Loday 4SHMIA

6102 ‘1€ Asenuer



€€

3/8"[10]—
¢
10 3/4"[273]

IHI lll
i Hl
il I

i

' Il }I
3/8"[10]—
PLAN VIEW
1/4" [6] CHAMFER
APPLIES TO ALL
SPLICE ENDS
70 5/8"1794]—— 22 5/8"[575]
3 1/2789] 4 1/271114]— TZ 7/87173] 2 7/8"[73]# —3 1/27[89]
1
13 1/%"{343] 6 1/27165] | 1 | 4 1/27T114] sl 4 1/g"[114]©@ TAZ
! "N z il L6 1/2"165]
7°0178] o %Qf)[s"’] / 4 1/2"114]— L»7”[178]
. ®7/8"x2” [22x51] THRU N
127[305] L12 1/4”x3 3/8" [57x86] 12"[305]
14 1/47[362] v1/4” [6] SLOT (TYP) 14 1/4"362]
191 1/4"[4858]

ELEVATION VIEW
Part a2

[SHEET:

= - MNDOT Noise Wall 5 of 17
Timber Rail DATE:
Test No. MNNW-—1 11/13/2018

DRAWN BY:

‘ i Timber Rail
Midwest Roadside PRYEN
Sofety FOCIllty DWG. NAME. [SCALF: 130 |REV. BY:
MNNW=1_R22 UNTS: in[ram]| JE /KA /40

Figure 22. Timber Rail, Test Nos. MNNW-1 and MNNW-2 (Recommended updates provided in Chapter 12)
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Figure 23. Timber Rail Upstream End Segment, Test Nos. MNNW-1 and MNNW-2 (Recommended updates provided in Chapter 12)
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Figure 24. Anchor Plate Assembly, Test Nos. MNNW-1 and MNNW-2 (Recommended updates provided in Chapter 12)
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Figure 25. Cable Anchor Plate Components, Test Nos. MNNW-1 and MNNW-2 (Recommended updates provided in Chapter 12)
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Figure 26. Concrete Post Details, Test Nos. MNNW-1 and MNNW-2 (Recommended updates provided in Chapter 12)
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Figure 27. Concrete Post Reinforcement, Test Nos. MNNW-1 and MNNW-2 (Recommended updates provided in Chapter 12)
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Figure 28. Splice Plate Details, Test Nos. MNNW-1 and MNNW-2 (Recommended updates provided in Chapter 12)
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Figure 29. Noise Wall Components, Test Nos. MNNW-1 and MNNW-2 (Recommended updates provided in Chapter 12)
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Figure 30. Wood Plank Details, Test Nos. MNNW-1 and MNNW-2 (Recommended updates provided in Chapter 12)
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| | t T i
. . L1 1/4732] 57127]

@1 [iﬂ Hex7 ®1 1/2°(38]— . B [
$17[25] Plain St“”d‘;irt‘imzw“ged QK i

Round Washer DETAIL H ) L
17-8 UNC [M24x3] Stud SCALE 1:5 @1 1/8729]
Threaded Entire Length
ELEVATION VIEW PROFILE VIEW
Part 2

|'—12"[3O5]——‘ $2 1/16”[53] ®2 3/8"[60]

& [SHEET:
) ) . ) f \ MNDOT Noise Wall e
\J Timber Rail .
= — 11/13/2018

Test No. MNNW-—1

ELEVATION VIEW PROFILE VIEW BCT Anchor Cable Assembly DRAﬁN BY;
. . DTM/JEK,

i 465 Midwest Roadside| Petl’s PRy
a SOfety FOC]llty DWG. NAME. [SCALE: 1:10  |REV. BY:

MNNW-1_R22 UNITS: in.[mm]|JEK/KAL/JD

S/RKF /JCH

Figure 31. BCT Anchor Cable Assembly Details, Test Nos. MNNW-1 and MNNW-2 (Recommended updates provided in Chapter 12)
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$13/16"[21]

@2 7/8"73] _ _
— _
R 11/4"-7 UNC [M30x3.5]—/
! 147[356]
Part g1

= ‘*3/8"[10] |’2"[51]‘|
?1 1)2"[38] | J
E 3/47—10 UNC [M20x2.5]— ‘
18"[457] i

Part g2

$2"[51] *”‘1/8”[31 ®2"[51] ~|}-1/873]

’-——‘»1 1/8'

128]

637176 ﬁl—-aﬂ 6"[4]

@1 3/8"[35]
Part g9

1/2"—6 Coil Thread [M14x4];

-‘ TBD
.~ TBD

®9/16"[14] Part g6
Part g10
Part g5
’*3 1/2"[891«‘ *‘2 1/2"[64]"
[ —_— == = = = =i 5 [EHEET:
MNDOT Noise Wall 15 of 17
Part g3 Part g4 Timber Rail DATE:
Test No. MNNW—1 S
Note: (1) Dome head bolts may have a flat head key in center region, key shapes in S—
the hecds, or flattened sides sufficient for an open—ended wrench. . Hardware E::”:'E:Y'
(2) Bolt and thread lengths for part g6 to be determined after post is M|dwest ROOdSIde MESéDJW/
fabricated. Sofety FOCIllty DWG. NAME. [SCALE: 1:3 REV. BY:
MNNW=—1_R22 UNITS: in.[mm] %E/KK}éA/ C‘#{D

Figure 32. Hardware, Test Nos. MNNW-1 and MNNW-2 (Recommended updates provided in Chapter 12)
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I}\Ieom QTY. Description Material Specification Treatment Specification HGGrSivggre
125 5/8"x13 1/2"x10 3/4" [3,191x343x273 GLULAM — Comb. 48(SP) or Comb. 2(Western
of | 1 JBS/8x1% 20 3/47 [ ] sp(ecxgs ( See Notes 1-3 -
191 1/4"%x13 1/2"x10 3/4” [4,858x343x273 GLULAM — Comb. 48(SP) or Comb. 2(Western » _
a2 “ Timber/RaiI Section [ ] sp(echs) ( See Notes 1-3
173 5/8"x13 1/2"x10 3/4” [4,410x343x273 GLULAM — Comb. 48(SP) or Comb. 2(Western
03 1 Timber/RoiI End Section /4" 1 ] sp(ecigs) ( See Notes; 1-3 -
a4 [ 12 13 1/2"%9"x6" [343x229x152] Wood Blockout LTSN = G B0 L b i s See Notes 1-3 =
b1 2 |10 1/2"x9"x3/8" [229x267x10] Steel Plate ASTM A36 ASTM A123** -
b2 4 |3"x3"x1/4" [76x76x6] Steel Gusset ASTM A36 ASTM A123** =
b3 | 2 [3"x3"x1/2" [76x76x13] Steel Plate ASTM A36 ASTM A123** -
12"x18” [305x457], 18" [5,486] Long Concrete Min. f'c = 5,500 psi [37.9 MPa
o1 |12 1218 L : [2:58] Lemg TR T ] - -
c2 |156|3/8" [10] Dia., 53" [1,346] Long Rebar ASTM AB15 Gr. 60 Epoxy C°°te§9§ﬁ§m A775 or -
¢3* | 48 |5/8” [16] Dia., 210" [5,334] Long Rebar ASTM AB15 Gr. 60 Epoxy C°°te§9§ﬁ§m A775 or -
* 1/2” [13] Dia, 7—Wire Pre—Stressing Strand, 216”
o4 | 48 |[{3ady' 3L 2 9 ASTM A416 Gr. 270 = -
d1 10 129 1/4"x13 1/2"x3/8" [743x343x10] Steel Plate ASTM A36 ASTM A123** —
d2 5 |13 1/2"x10"x3/8” [343x254x10] Steel Plate ASTM A36 ASTM A123** =
SYP Gr. No. ‘kDDenIse o':{ bitterh s}\‘ond?rd rough
10" g - sawn_or Douglas Fir—Larch No. 1 or
el 12 ﬁc)i(ﬂe? [76x254], 10" [3,048] Long Vertical Wood Douglas Fir—Lcn'chgJ North) Select Structural or See Note 4 -
Douglas Fir—South Select Structural or equivalent
with min F'b = 1,200 psi [8.3 MPa]
" n ’ ; lect_Structural
2"x8" [51x203], 8' [2,438] Long Tongue and _SYP Gr. Se :
e2 17 Douglas Fir—Largh Select Structural or equivalent See Note 4 -
Groove Wood *J'G”k I ith min F'b = 1.500 psi [10.3 MPa]
" an ' : lect Structural
2"x8" [51x203], 16’ [4,877] Long Tongue and . SYP Gr. Se ;
e3 85 Douglas Fir—Larch Select Structural or equivalent See Note 4 -
Groove Wood Flank Tith iR F'b = 1.500 psi [10.3 MPa]
- s SYP Gr. Select Structural
e4 | 12 |2"x8” [51x203], 10’ [3,048] Long Wood Batten Douglas Fir—Larch Select Structural or equjvalent See Note 4 -
with min FFb = 1,500 psi f10.3 MPoj
. , SYP Gr. Select_ Structural
e5 2 [2"x4” [51x102], 10’ [3,048] Long Wood Plank Douglas Fir—Larch Select Structural or equivalent See Note 4 -
with min F'b = 1,500 psi [10.3 MPaq]
*Use either part ¢3 or c4. ** Weld before galvanization.
Notes: (1) Timber rail sections and blockouts shall be treated with
pentachlorophenol (PCP—A) in heavy oil to a minimum net retention of . [SHEET:
MNDOT Noise Wall of 1
0.6 Ib/ft® (9.6 kg/m3) in accordance with AWPA Standard U1 to the ) . 191 12
requirements of Use Category 4A (UC4A). Timber Rail BATE:
(2) Wood shall be cut, drilled, and completely fabricated prior to Test No. MNNW-—1 11/13/2018
treatment with preservative. Drain excess chemicals and dry all TR e
treated wood at the place of manufacture. . . Bill of Materials DTM/JEK'
(3) All field cuts, bore holes, and damages shall be treated with Midwest Roadside MES/D.
material acceptable to the engineer prior to installation. ngety Fqci[ity DWG. NAME. SCALE: Nore [REV. BY:
(4) Provide preservative treated timber products per Spec. 3491. MNNW=1_R22 UNTS: in.[mm]| B Ay (P

Figure 33. Bill of Materials, Test Nos. MNNW-1 and MNNW-2 (Recommended updates provided in Chapter 12)
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H':\jeorT\ QTY. Description Material Specification Treatment Specification Hcd'gi\:;gre
1 2 |BCT Anchor Cable = - FCAO1
2 2 |8"x8"x5/8" [203x203x16] Anchor Bearing Plate ASTM A36 ASTM A123 FPBO1
i3 | 2 [3E [BO1 0Bk 12" [508] Lohg BOT Fest ASTM A53 Gr. B Schedule 40 ASTM A123 —
1 1/4"-7 UNC [M30x3.5], 14" [356] Long Round Bolt — ASTM A307 Gr. A ASTM A153 or B695 Class 55 or
g1 | 48 [Ledd ool ons ik ] [356] Long Nut — ASTM AS563A F2329 ERE
3/4"—10 UNC [M20x2.5], 18" [457] Long Round ASTM A153 or_B695 Class 55 or
02 | 24 [F&00, NG M20x25], Key 4] Lend ASTM A307 Gr. A F2329 FBBO8a
g3 | 969 |16D Ring Shank Nail - - -
g4 |408 [No- 8 x 2 1/2" [64] Long Bugle Head Exterior - ASTM A153 or B695 Class 55 -
g5 36 |1/2" [13] Dia. Round Plate Washer ASTM F844 ASTM A123 or A153 or F2329 =
g6 36 %g;—gol({ioii Thread [M14x4], 3" [76] Long Hex ASTM A307 Gr. A ASTM A153 oerB362995 Class 55 or _
g7 24 |3/4"—10 UNC [M20x2.5] Drop—In Concrete Anchor Hilti Item No. 258541 Zinc—Plated -
. Galvanize per spec. 3392 or
g8 72 |1/2"-6 Coil Thread [M14x4] Concrete Anchor As Supplied electroplate pTer ASl?'M B633 SC4 —
ype
g9 48 (1 1/4” [32] Dia. Plain Round Washer ASTM F844 ASTM A123 or A153 or F2329 FWC30a
g10* | 24 |3/4” [19] Dia. Plain Round Washer ASTM F844 ASTM A123 or A153 or F2329 FWC20a
* Washer plates with a 2 1/2” [64] outer diameter and thickness of 1/8” [3] were substituted at post no. 5.
R SHEET:
MNDOT Noise Wall 17 of 17
Timber Rail DATE:
Test No. MNNW—1 m—
DRAWN BY:
. " Bill of Materials
Midwest Roadside e
Sofety FOCility DWG. NAME. ISCALE: None |REV. BY:
MNNW—1_R22 UNITS: in.[mm] JEI;(KA (JD
S/RKF /JCH

Figure 34. Bill of Materials, Test Nos. MNNW-1 and MNNW-2 (Recommended updates provided in Chapter 12)
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Figure 35. Test Installation Photographs, Test No.
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Figure 36. Test Installation Photographs, Test No. MNNW-1
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Figure 37. Test Installation Photographs, Test No. MNNW-2
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Figure 38. Test Installation Photographs, Test No. MNNW-2
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6 FULL-SCALE CRASH TEST NO. MNNW-1
6.1 Static Soil Test

Before full-scale crash test no. MNNW-1 was conducted, the strength of the foundation
soil was evaluated with a static test, as described in MASH 2016. The static test results, as shown
in Appendix D, demonstrated a soil resistance above the baseline test limits. Thus, the soil
provided adequate strength, and full-scale crash testing could be conducted on the barrier system.

6.2 Weather Conditions
Test no. MNNW-1 was conducted on February 28, 2018 at approximately 2:30 p.m. The

weather conditions as per the National Oceanic and Atmospheric Administration (station
14939/LNK) were reported and are shown in Table 3.

Table 3. Weather Conditions, Test No. MNNW-1

Temperature 44° F

Humidity 68%

Wind Speed 17 mph

Wind Direction 20° from True North
Sky Conditions Overcast

Visibility 7 Statute Miles
Pavement Surface Dry

Previous 3-Day Precipitation 0.00 in.

Previous 7-Day Precipitation 0.25in.

6.3 Test Description

Since minimal deflection was expected near the ground line, the noise wall system was
thought to behave similarly to a rigid barrier. Table 2.7 of MASH 2016 recommends using an
impact point approximately 4.3 ft (1.3 m) upstream from a post or splice for rigid barriers.
However, due to similarities between the noise wall previously evaluated under NCHRP Report
No. 350 in test no. MNTR-1 and the modified noise wall in test no. MNNW-1, the same impact
point utilized in test no. MNTR-1 was selected to maximize vehicle snag on a post [1]. Initial
vehicle impact was to occur 12 in. (305 mm) upstream from the centerline of post no. 6, as
shown in Figure 46, which was selected as the same impact point in test no. MNTR-1 as it
produced the maximum vehicle extent behind the barrier to snag on the concrete posts.

The 5,056-1b (2,293-kg) crew cab pickup truck impacted the noise wall system at a speed
of 63.0 mph (101.4 km/h) and at an angle of 24.7 degrees. The actual point of impact was about
"he in. (11 mm) downstream from the targeted impact point. A sequential description of the
impact events is contained in Table 4. A summary of the test results and sequential photographs
are shown in Figure 39. Additional sequential photographs are shown in Figure 40. Documentary
photographs of the crash test are shown in Figure 41. The vehicle came to rest 117 ft — 9 in. (35.9
m) downstream and 4 ft — 4 in. (1.3 m) laterally behind the barrier after brakes were applied. The
vehicle trajectory and final position are shown in Figures 39 and 47.
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Table 4. Sequential Description of Impact Events, Test No. MNNW-1

TIME

(sec) EVENT

0.000 Vehicle's front bumper contacted rail between post nos. 5 and 6.

0.008 Vehicle's right fender contacted rail.

0.010 Vehicle's right-front tire contacted rail.

0.024 Post no. 6 deflected backward.

0.026 Vehicle's grille contacted rail.

0.036 Vehicle's right headlight contacted rail.

0.042 Post no. 7 deflected backward.

0.052 Vehicle rolled toward system.

0.066 Vehicle's upper right-front and right-rear doors deformed.

0.068 Vehicle yawed away from system and vehicle's right-front wheel disengaged.

0.073 Vehicle's grille became disengaged.

0.078 Vehicle's windshield cracked.

0.087 Vehicle's plastic fascia became disengaged.

0.088 Vehicle's grille contacted post no. 7, and post no. 7 deflected backward.

0.110 Post no. 6 deflected forward.

0.122 Vehicle pitched downward, and vehicle's left-rear tire became airborne.

0.136 Post no. 7 deflected forward.

0.138 Vehicle's left-front tire became airborne.

0.156 Vehicle's right-rear door contacted rail, and vehicle's grille contacted post no. 8.

0.162 Vehicle's right-side mirror contacted post no. 7 and shattered.

0.202 Vehicle's right quarter panel contacted rail.

0.204 Vehicle's right-rear tire contacted rail.

0.210 Vehicle's rear bumper contacted rail.

0.224 Vehicle was parallel to system at a speed of 40.9 mph (65.8 km/h).

0.244 Vehicle's right-rear tire became airborne.

0.266 Vehicle yawed toward system.

0.294 Vehicle exited system at a speed of 38.3 mph (61.6 km/h), and at an angle of 3.7
' degrees.

0.396 Vehicle's front bumper contacted ground.

0.414 System came to rest.

0.438 Vehicle rolled away from system.

0.478 Vehicle's right headlight became disengaged.

0.802 Vehicle's left-front tire regained contact with ground.

0.824 Vehicle pitched upward.

0.920 Vehicle's left headlight became disengaged.

1.196 Vehicle's left-rear tire regained contact with ground.

1.212 Vehicle's right-rear tire regained contact with ground.

1.238 Vehicle's right-rear wheel became disengaged.
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6.4 Barrier Damage

Damage to the barrier was minimal, as shown in Figure 49. Barrier damage consisted of
contact marks, splinters, and gouges on the front face of the timber rubrail. The length of vehicle
contact along the barrier was approximately 14 ft — 8 in. (4.5 m), which spanned from 1 ft — 5%
in. (0.5 m) upstream from post no. 6 to 3 ft — 8% in. (1.1 m) upstream from post no. 8.

The majority of the splinters on the front face of the rail were located around post nos. 5,
6, and 7, where initial impact occurred. The largest splinter was 72 in. (1,829 mm) long and
began 23 in. (584 mm) upstream from post no. 6. A 54-in. (1,372-mm) long splinter and a 49-in.
(1,245-mm) long splinter ran nearly parallel to each other, starting at the same point 40 in. (1,016
mm) downstream from post no. 6. The farthest upstream splinter was located 17 in. (432 mm)
upstream from post no. 5, but it only measured 5 in. (127 mm) in length, 2 in. (51 mm) in width,
and % in. (3 mm) in height. The farthest downstream splinter was 47%2 in. (1,207 mm) long and
began 17 in. (432 mm) downstream from post no. 7.

A 10-in. (254-mm) x 7%-in. (191-mm) x 3%-in. (89-mm) gouge was located 13 in. (330
mm) upstream from post no. 6. A smaller gouge was also found on the upstream face of the
blockout at post no. 7 and located 2 in. (51 mm) from the bottom. A thin piece of the rail,
measuring 47 in. (1,194 mm) in length, detached from its initial location at 24 in. (610 mm)
downstream from post no. 6. Concrete spalled on the upstream face of post no. 7 at 49 in. (1,245
mm) from the bottom, but the noise wall itself remained undamaged.

Three post-to-rail bolts on the front face of the rail were embedded and shifted different
lengths. The top post-to-rail bolt at post no. 6 was shifted 1 in. (25 mm) downstream, the top
post-to-rail bolt at post no. 7 was shifted %2 in. (13 mm) upstream, and the top post-to-rail bolt at
post no. 9 was shifted %2 in. (13 mm) downstream.

The maximum lateral permanent set of the barrier system was 7 in. (22 mm), which
occurred at the midspan of the rail between post nos. 6 and 7, as measured in the field. The
maximum permanent set of the posts was ¥4 in. (6 mm) at rail height of post nos. 6 and 7, as
measured in the field. The maximum permanent set of the top of the posts was approximately 0.3
in. (8 mm) and 0.5 in. (13 mm) at the top of post nos. 6 and 7, respectively, as determined from
high-speed digital video analysis. The maximum lateral dynamic post and rail deflections were
3.8 in. (96 mm) at the top of post no. 7 and 1.1 in. (28 mm) at the top of the rail at post no. 6,
respectively, as determined from high-speed digital video analysis. The working width of the
system was found to be 44.5 in. (1,132 mm) at the top of post no. 7, also determined from high-
speed digital video analysis.

6.5 Vehicle Damage

The damage to the vehicle was moderate, as shown in Figure 51. The maximum occupant
compartment intrusion values are listed in Table 5 along with the intrusion limits established in
MASH 2016 for various areas of the occupant compartment. MASH 2016 defines intrusion or
deformation as the occupant compartment being deformed and reduced in size with no observed
penetration. There were no penetrations into the occupant compartment and none of the
established MASH 2016 deformation limits were violated. The entire A-pillar (lateral), side door
above seat, floor pan, and roof deformed slightly outward, which is not considered crush toward
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the occupant, is denoted as negative numbers in Table 5, and is not evaluated by MASH 2016

criteria. Complete occupant compartment and vehicle deformations and the corresponding
locations are provided in Appendix E.

Table 5. Maximum Occupant Compartment Intrusion by Location, Test No. MNNW-1

MAXIMUM MASH 2016
Location INTRUSION ALLOWABLE
. INTRUSION
in. (mm) i
in. (mm)
Wheel Well & Toe Pan 1.5 (38) <9 (229)
Floor Pan & Transmission Tunnel -2.0 (-51) N/A
A-Pillar 0.4 (10) <5 (127)
A-Pillar (Lateral) -1.0 (-25) N/A
B-Pillar 0.3(8) <5 (127)
B-Pillar (Lateral) 0.2 (5) <3 (76)
Side Front Panel (in Front of A-Pillar) 6.1 (156) <12 (305)
Side Door (Above Seat) -1.3 (-33) N/A
Side Door (Below Seat) 2.6 (66) <12 (305)
Roof -1.1 (-28) N/A
Windshield 0 (0) <3 (76)
No shattering resulting from
Side Window No shattering contact with structural
member of test article
Dash 1.1 (28) N/A

Note: Negative values denote outward deformation
N/A — Not applicable

The majority of damage was concentrated on the right-front corner and right side of the
vehicle where the impact had occurred. The right side of the bumper was crushed inward and
back, while the left side buckled outward. The size of the crush was 78 in. (1,981 mm) in length,
14 in. (356 mm) in width, and 30 in. (762 mm) in height. The right-front quarter panel was
crushed 7 in. (178 mm) into the engine compartment and the cab of the vehicle. The right-front
door was also crushed inward. Beginning at the front edge of the door, the area of crush was 45
in. x 20 in. (1,143 mm x 508 mm). A 39-in. (991-mm) long rip in the sheet metal also ran the
length of the right-front door. The right-rear door also had a large, 42-in. (1,067-mm) long dent
spanning the entire length of the door. The right side of the vehicle bed was crushed inward,
causing it to bend outward 3 in. (76 mm) behind the right-rear tire. The vehicle grille disengaged
upon impact with the barrier. The right side of the windshield was cracked. All other components
of the vehicle were undamaged.

6.6 Occupant Risk

The calculated occupant impact velocities (OIVs) and maximum 0.010-sec average
occupant ridedown accelerations (ORAS) in both the longitudinal and lateral directions are
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shown in Table 6. Note that the OIVs and ORAs were within suggested limits, as provided in
MASH 2016. The calculated THIV, PHD, and ASI values are also shown in Table 6. The results
of the occupant risk analysis, as determined from the accelerometer data, are summarized in
Figure 39. The recorded data from the accelerometers and the rate transducers are shown
graphically in Appendix F.

Table 6. Summary of OlV, ORA, THIV, PHD, and ASI Values, Test No. MNNW-1

Transducer

Evaluation Criteria MASH 2016
SLICE-1 SLICE-2 Limits
(primary)
oIV Longitudinal | -24.43 (-7.45) | -24.08 (-7.34) +40 (12.2)
ft/s (m/s) Lateral 123.87 (-7.27) | -26.09 (-7.95) 140 (12.2)
ORA Longitudinal -7.63 -7.59 +20.49
gs Lateral -8.63 -7.33 +20.49
MAX. Roll 27.7 26.7 +75
ANGULAR .
DISPL. Pitch -19.9 -21.0 +75
deg. Yaw 30.3 30.1 not required
THIV .
fi/s (mis) 33.26 (10.13) 33.93 (10.34) not required
Pg|_,|sD 9.97 9.14 not required
ASI 1.34 1.46 not required

6.7 Discussion

The analysis of the test results for test no. MNNW-1 showed that the system adequately
contained and redirected the 2270P vehicle with controlled lateral displacements of the barrier.
Detached elements, fragments, or other debris from the test article did not penetrate or show
potential for penetrating the occupant compartment, or present an undue hazard to other traffic,
pedestrians, or work-zone personnel. Deformations of, or intrusions into, the occupant
compartment that could have caused serious injury did not occur. The 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 in Appendix F, were deemed acceptable
because they did not adversely influence occupant risk nor cause rollover. After impact, the
vehicle exited the barrier at an angle of 3.7 degrees, and its trajectory did not violate the bounds
of the exit box. Therefore, test no. MNNW-1 was determined to be acceptable according to the
MASH 2016 safety performance criteria for test designation no. 3-11.
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179" [35.89 m] i
TESEAGENCY .ot MwRSF i 17,148
Test Number.... MNNW-1 i 43t
D LY 2/28/2018 i :DT
MASH 2016 Test Designation NO............cccovinrieininiiiie s 3-11 i 307762]
TSt ATTICIE. ... MN Noise Wall H
TOtal LENGEN ..o s 89 ft (27.1 m) |
Key Component - Rail .

LENGHN e eeeereeeeeeeeeeseeeeeee e eeeee e eees s 89 ft (27.1 m) VehiCle DAMAGE.........cooooovvvnssivrsssinnssnrres s Kot s Moderate

Width.... ... 13% in. (343 mm) VDS [12] .... 01-RFQ-4

DEPHN .o 10% n. (273 mm) CDC [13] v . . 01-RYEW-3
Key Component - Concrete Post Max_lmum Interior Deformation .. 6.1in. (155 r_nm)

LENGN wvrrrreeeveeeee e eeeree e eesse e eess e s e 18t (5.5 m) Test .Artlcle Damag_e T PN Minimal

WIOEN oo 18 in. (457 mm) Maximum Test Article Deﬂec“‘?”s . .

Spacing. 8 ft (2.4 m) Permanent Set . 7 in. (22 mm) at midspan of rail between post nos. 6 and 7
SOU TYPE cvvooverreeeeeesseeseseeseesssess s Coarse Crushed Limestone DYNAMIC ... 3.81n. (96 mm) at top of post no. 7
Vehicle Make /Model oo 2010 Dodge Ram 1500 Crew Cab Working Width...........cooeiiniiciiiciie 44.5in. (1,132 mm) at top of post no. 7

CUMD e 5,264 Ib (2,388 kg) Transducer Data

Test Inertial.. .. 5,056 Ib (2,293 kg) ) o Transducer MASH 2016

GOSS SERHIC......vvvvvvvvveereessssociisssseneeee s 5,214 Ib (2,365 kg) Evaluation Criteria SLICE-1 SLICE-2 Limit
Impact Conditions _ (primary)

O DO 63.0 mph (101.4 km/h) o Longitudinal | -24.43 (-7.45) -24.08 (-7.34) +40 (12.2)

AANGIE .ooooveo et 24.7 deg. ft/s (m/s) Lateral -23.87 (-7.27) | -26.09 (-7.95) +40 (12.2)

Impact Location...........c...c....... 11%y5 in. (294 mm) US from centerline of post no. 6 ORA Longitudinal -7.63 -7.59 +20.49
Impact Severity ......117.2 kip-ft (158.9 kJ) > 106 kip-ft (144 kJ) limit from MASH 2016 g’s Lateral -8.63 -7.33 +20.49
Exit Conditions MAX Roll 27.7 26.7 +75

SPEE ...t 383mph(61§|;rgékg\) ANSILSJIF;AR pitch 199 210 +75

deg. Yaw 30.3 30.1 not required

VERICIe STt ..o Satisfactory THIV — ft/s (m/s) 33.26 (10.13) 33.93(10.34) not required
Vehicle Stopping Distance... .. 117 ft— 9 in. (35.9 m) downstream PHD —g’s 9.97 9.14 not required
................................................................... 4 ft—4in. (1.3 m) laterally behind ASI 1.34 146 not required

Figure 39. Summary of Test Results and Sequential Photographs, Test No. MNNW-1
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Figure 41. Documentary Photographs, Test No. MNNW-1
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Figure 42. Documentary Photographs, Test No. MNNW-1
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Figure 43. Documentary Photographs, Test No. MNNW-1
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Figure 44. Documentary Photographs, Test No. MNNW-1
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Figure 45. Documentary Photographs, Test No. MNNW-1
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MNNW-1 =

Figure 46. Impact Location, Test No. MNNW-1
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Figure 47. Vehicle Final Position and Trajectory Marks, Test No. MNNW-1
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Figure 48. System Damage, Test No. MNNW-1
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Figure 49. System Damage, Test No. MNNW-1
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Figure 50. Vehicle Undercarriage and Occupant Compartment Damage, Test No. MNNW-1
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Figure 51. Vehicle Damage, Test No. MNNW-1
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7 FULL-SCALE CRASH TEST NO. MNNW-2
7.1 Static Soil Test

A static soil test was conducted before test no. MNNW-1, which demonstrated a soil
resistance above the baseline test limits. Since the system was not deemed to have significant soil
dependence as discussed previously due to large posts, heavy mass, and deep post embedment
depth, a static soil test was not conducted before test no. MNNW-2.

7.2 Weather Conditions
Test no. MNNW-2 was conducted on March 9, 2018 at approximately 2:00 p.m. The

weather conditions as per the National Oceanic and Atmospheric Administration (station
14939/LNK) were reported and are shown in Table 7.

Table 7. Weather Conditions, Test No. MNNW-2

Temperature 52° F

Humidity 34%

Wind Speed 15 mph

Wind Direction 60° from True North
Sky Conditions Sunny

Visibility 10 Statute Miles
Pavement Surface Dry

Previous 3-Day Precipitation 0.05 in.

Previous 7-Day Precipitation 0.09in.

7.3 Test Description

The noise wall system was thought to behave similarly to a rigid barrier since minimal
deflection was expected near the ground line. Table 2.7 of MASH 2016 recommends using an
impact point approximately 3.6 ft (1.1 m) upstream from a post or splice for rigid barriers. Initial
vehicle impact was to occur 43%/46 in. (1,100 mm) upstream from the center of the rail splice
between post nos. 6 and 7, as shown in Figure 59, which was selected using Table 2.7 of MASH
2016 to maximize the probability of wheel snag.

The 2,431-1b (1,103-kg) small car impacted the noise wall system at a speed of 63.1 mph
(101.5 km/h) and at an angle of 25.4 degrees. The actual point of impact was about 27 in. (73
mm) upstream from the targeted impact point. A sequential description of the impact events is
contained in Table 8. A summary of the test results and sequential photographs are shown in
Figure 52. Additional sequential photographs are shown in Figure 53. Documentary photographs
of the crash test are shown in Figure 54. The vehicle came to rest 144 ft — 6 in. (44.0 m)
downstream and 56 ft — 5 in. (17.2 m) laterally in front of the barrier after brakes were applied.
The vehicle trajectory and final position are shown in Figures 52 and 60.
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Table 8. Sequential Description of Impact Events, Test No. MNNW-2

-E;'(:/IC)E EVENT

0.000 | Venhicle's front bumper contacted rail between post nos. 6 and 7.

0.006 | Vehicle's front bumper deformed, and vehicle's right headlight contacted rail.

0.012 | Vehicle's right-front hood contacted rail.

0.014 | Vehicle's right fender contacted rail.

0.018 | Vehicle's right headlight shattered.

0.020 | Rail between post nos. 6 and 7 splintered.

0.024 | Post no. 7 deflected backward.

0.032 | Vehicle's right side grille contacted rail, and vehicle yawed away from system.

0.034 | Vehicle's right-front door deformed, and vehicle pitched downward.

0.036 | Post no. 6 deflected backward, and vehicle's grille deformed.

0.040 | Vehicle's windshield cracked.

0.044 | Vehicle's right-front door contacted rail.

0.054 | Vehicle rolled away from system.

0.058 | Post no. 8 deflected backward, and vehicle's roof deformed.

0.068 | Vehicle's right-front tire contacted post no. 7.

0.090 | Post no. 6 deflected forward.

0.098 | Post no. 7 deflected forward.

0.128 | Vehicle's front bumper cover deformed and contacted ground.

0.142 | Post no. 8 deflected forward.

0.146 | Vehicle's right-rear door contacted rail.

0.150 | Vehicle rolled toward system.

0.152 | Vehicle pitched upward.

0.178 | Vehicle was parallel to system at a speed of 43.6 mph (70.1 km/h).

0.198 | Vehicle's right quarter panel contacted rail.

0.248 | Vehicle's front bumper contacted ground.

0.250 | Vehicle's rear bumper contacted rail.

0.336 Vehicle exited system at a speed of 43.0 mph (69.1 km/h) and at an angle of 5.6
degrees.

0.420 | Vehicle pitched downward.

0.640 | Vehicle's front bumper cover contacted ground.
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7.4 Barrier Damage

Damage to the barrier was minimal, as shown in Figures 62 and 61. Barrier damage
consisted of contact marks on the front face of the rail, gouging of the rail, and spacer block
rotation. The length of vehicle contact along the barrier was approximately 12 ft — 7% in. (3.8
m), which spanned 21%2 in. (540 m) downstream from the centerline of post no. 6 to 19% in. (495
mm) upstream from the centerline of post no. 8.

The largest gouge, found on top of the rail, was 66% in. (1,695 mm) long and began 7 in.
(178 mm) upstream from the centerline of post no. 7. Another large gouge was found toward the
bottom of the rail at the centerline of post no. 7 and extended 58% in. (1,486 mm) downstream.
Three more gouges were seen near the point of impact. Those gouges measured 47 in. (1,194
mm), 29 in. (737 mm), and 22 in. (559 mm) in length and began 6 in. (152 mm) upstream, 1 in.
(25 mm) upstream, and 10 in. (254 mm) downstream from the impact point, respectively. The
smallest gouge was located on the wood spacer at post no. 7 and 2% in. (64 mm) from the front
of the concrete post. The gouge was 4% in. (114 mm) long, running from the bottom of the
spacer block upward. The spacer blocks at post nos. 5 and 7 were both rotated % in. (3 mm)
upstream.

The maximum lateral permanent set of the barrier system was & in. (3 mm), which
occurred both at rail height of post no. 7 and at the midspan of the rail between post nos. 5 and 6,
as measured in the field. The maximum lateral permanent set of the top of the posts was
approximately 0.1 in. (3 mm), which occurred at the top of post no. 6, as determined from high-
speed digital video analysis. The maximum lateral dynamic post and rail deflections were 4.5 in.
(114 mm) at the top of post no. 7 and 1.9 in. (48 mm) at the midspan of the rail between post nos.
6 and 7, respectively, as determined from high-speed digital video analysis. The working width
of the system was found to be 45.2 in. (1,148 mm) at the top of post no. 7, also determined from
high-speed digital video analysis.

7.5 Vehicle Damage

The damage to the vehicle was moderate, as shown in Figures 62 and 61. The maximum
occupant compartment intrusion values are listed in Table 9 along with the intrusion limits
established in MASH 2016 for various areas of the occupant compartment. MASH 2016 defines
intrusion or deformation as the occupant compartment being deformed and reduced in size with
no observed penetration. There were no penetrations into the occupant compartment and none of
the established MASH 2016 deformation limits were violated. Complete occupant compartment
and vehicle deformations and the corresponding locations are provided in Appendix E.

The majority of damage was concentrated on the right-front corner and right side of the
vehicle where the impact had occurred. The right side of the front bumper was torn off 24 in.
(610 mm) from the centerline of the vehicle. The right headlight was completely disengaged. The
right side of the hood was crushed inward and back toward the center of the vehicle. The right
fender was also crushed inward. The crushed area of the fender was 44 in. (1,118 mm) long, 23
in. (584 mm) wide, and 8 in. (203 mm) deep. An 8-in. (203-mm) section of the outer rim of the
right-front wheel was bent inward toward the center axis of the wheel. The right-front door and
the right-rear door were both crushed along their entire length and shifted 1 in. (25 mm) toward
the back of the vehicle, although the crushing on the right-front door was more extensive than
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the crushing on the right-rear door. Minor crushing was also found on the right quarter panel, just

above the right-rear wheel well. The right side of the windshield was cracked, and the remainder
of the vehicle was undamaged.

Table 9. Maximum Occupant Compartment Intrusion by Location, Test No. MNNW-2

MAXIMUM MASH 2016
Location INTRUSION ALLOWABLE
. INTRUSION
in. (mm) i

in. (mm)

Wheel Well & Toe Pan 0.5 (13) <9 (229)
Floor Pan & Transmission Tunnel 1.3(32) <12 (305)
A-Pillar 1.0 (25) <5 (127)

A-Pillar (Lateral) 0.5 (13) <3 (76)
B-Pillar 0.4 (10) <5 (127)

B-Pillar (Lateral) 0.2 (5) <3 (76)
Side Front Panel (in Front of A-Pillar) 1.9 (48) <12 (305)
Side Door (Above Seat) 1.0 (25) <9 (229)
Side Door (Below Seat) 1.2 (30) <12 (305)
Roof 0.7 (18) <4 (102)

Windshield 0 (0) <3 (76)

No shattering resulting from
Side Window No shattering contact with structural
member of test article
Dash 1.1(28) N/A

N/A — Not applicable

7.6 Occupant Risk

The calculated occupant impact velocities (OIVs) and maximum 0.010-sec average
occupant ridedown accelerations (ORAS) in both the longitudinal and lateral directions are
shown in Table 10. Note that the OIVs and ORAs were within suggested limits, as provided in
MASH 2016. The calculated THIV, PHD, and ASI values are also shown in Table 10. The
results of the occupant risk analysis, as determined from the accelerometer data, are summarized
in Figure 52. The recorded data from the accelerometers and the rate transducers are shown
graphically in Appendix G.
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Table 10. Summary of OlV, ORA, THIV, PHD, and ASI Values, Test No. MNNW-2

Evaluation Criteria s|_|C|5-I;’ansmmer MAS.H.2016
eyl SLICE-2 Limits
(primary)
oIV Longitudinal -24.30 (-7.41) -23.73 (-7.23) +40 (12.2)
ft/s (m/s
(mfs) Lateral -29.79 (-9.08) -28.42 (-8.66) +40 (12.2)
Longitudinal -6.78 -6.20 +20.49
ORA
&% Lateral 3.97 455 +£20.49
Roll 6.0 -3.3 +75
MAX.
ANGULAR i
DISPL. Pitch -4.1 -2.9 +75
deg. ]
Yaw -37.0 -37.2 not required
THIV .
fi/s (ms) 33.17 (10.11) 32.46 (9.90) not required
Pg'jsD 6.83 6.17 not required
ASI 2.25 2.14 not required

7.7 Discussion

The analysis of the test results for test no. MNNW-2 showed that the system adequately
contained and redirected the 1100C vehicle with controlled lateral displacements of the barrier.
Detached elements, fragments, or other debris from the test article did not penetrate or show
potential for penetrating the occupant compartment, or present an undue hazard to other traffic,
pedestrians, or work-zone personnel. Deformations of, or intrusions into, the occupant
compartment that could have caused serious injury did not occur. The 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 in Appendix G, were deemed acceptable,
because they did not adversely influence occupant risk nor cause rollover. After impact, the
vehicle exited the barrier at an angle of 5.6 degrees, and its trajectory did not violate the bounds
of the exit box. Therefore, test no. MNNW-2 was determined to be acceptable according to the
MASH 2016 safety performance criteria for test designation no. 3-10.
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Figure 52. Summary of Test Results and Sequential Photographs, Test No. MNNW-2

0.300 sec et 0.400 sec
RF @
56'-5" [17.2 m]
20

Test Article Damage .........coeevevrveeeirinesieeeea e mens R Minimal
VENICIE DAMAGE. ...ttt ettt

VDS [12] ....

CDC [L3].teieietiti sttt

Maximum Interior Deformation ............cccovveeninneeieniseeene 1.9in. (48 mm)
Maximum Test Article Deflections

Permanent Set ..... % in. (3 mm) at post no. 7 and midspan between post nos. 5 and 6

DYNAMIC.....cviveiiiiriiciieec e 4.5in. (114 mm) at top of post no. 7
Working Width...........ooviiininciiiicecs 45.2 in. (1,148 mm) at top of post no. 7
Transducer Data
Transducer
. o MASH 2016
Evaluation Criteria SL_ICE-l SLICE-2 Limit
(primary)
- -24.30 -23.73 +40
o Longitudinal (-7.41) (-7.23) (12.2)
mis) Lateral -29.79 -28.42 +40
(-9.08) (-8.66) (12.2)
ORA Longitudinal -6.78 -6.20 +20.49
g’s Lateral -3.97 -4.55 +20.49
MAX Roll 6.0 -3.3 +75
ANGULAR -
DISP. Pitch -4.0 -2.9 +75
deg. Yaw -37.0 -37.2 not required
THIV — ft/s (m/s) 33.17 (10.11) | 32.46 (9.90) not required
PHD —g’s 6.83 6.17 not required
ASI 2.25 2.14 not required

6T-96€-€0-dY.L "ON Moday 4SHMI

6102 ‘1€ Arenuep



January 31, 2019
MwRSF Report No. TRP-03-396-19

0.200 sec
EEREL m 77" L

0.300 sec
BT

0.400 sec
T e

0500sec 0.500 sec

Figure 53. Additional Sequential Photographs, Test No. MNNW-2
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Figure 54. Documentary Photographs, Test No. MNNW-2
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Figure 55. Documentary Photographs, Test No. MNNW-2
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Figure 56. Documentary Photographs, Test No. MNNW-2
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Figure 57. Documentary Photographs, Test No. MNNW-2
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Figure 58. Documentary Photographs, Test No. MNNW-2
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Figure 59. Impact Location, Test No. MNNW-2
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Figure 60. Vehicle Final Position and Trajectory Marks, Test No. MNNW-2
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Figure 61. System Damage, Test No. MNNW-2
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Figure 62. System Damage, Test No. MNNW-2
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Figure 63. Vehicle Undercarriage and Occupant Compartment Damage, Test No. MNNW-2
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Figure 64. Vehicle Damage, Test No. MNNW-2
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Figure 65. Vehicle Damage, Test No. MNNW-2
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8 DESIGN DETAILS — TEST NO. MNNW-3

The test installation consisted of a wood plank noise wall with concrete posts and a
glulam timber rubrail, as shown in Figures 66 through 83 for test no. MNNW-3. The test
installation was similar to the system evaluated in test nos. MNNW-1 and MNNW-2. Test no.
MNNW-3 had the noise wall installed on the front side of the posts, utilized shorter splice bolts,
and utilized hex-head bolts for the post-to-rail connection rather than using round head bolts with
washers or dome head bolts. Photographs of the test installation are shown in Figures 84 and 85
for test no. MNNW-3. Material specifications, mill certifications, and certificates of conformity
for the system materials are shown in Appendix C.

The test installation for the barrier system was constructed of a wood plank noise wall,
which spanned across twelve concrete support posts, and was protected by 89 ft (27.1 m) of
glulam timber rail sections, as shown in Figure 66. The total width of the system from the front
of the glulam timber rail to the back of the concrete post was 34% in. (883 mm). The glulam
timber for the rail members was fabricated with Combination No. 2 West Coast Douglas Fir
material, as specified in AASHTO’s LRFD Bridge Design Specifications [4], and it was treated
with pentachlorophenol in heavy oil to a minimum net retention of 0.6 Ib/ft® (9.61 kg/m?), as
specified in AWPA Standard U1 to the requirements of Use Category 4A (UC4A) [11]. The rail
members were 13% in. (343 mm) wide by 10% in. (273 mm) deep with a 30-in. (762-mm) top
mounting height, as measured from the top of the soil surface to the top of the rubrail. Five H-
shaped assemblies were used to splice together the rail ends, thus resulting in the total rail length.
The H-shaped, welded splice plates consisted of two ASTM A36 steel plates measuring 13% in.
wide x 29% in. long X % in. thick (343 mm x 743 mm x 10 mm) and one orthogonal ASTM A36
steel plate 13% in. wide x 10 in. long x % in. thick (343 mm x 254 mm x 10 mm), as shown in
Figure 77. At all rail splice locations, eight 1%-in. (32-mm) diameter by 12-in. (305-mm) long
ASTM A307 Grade A galvanized dome head bolts with a 1%-in. (32-mm) diameter flat washer
and a 1¥-in. (32-mm) diameter hex nut were used to attach to rail sections to the splice plates, as
shown in Figures 66, 67, and 77. The rubrail was offset away from the posts by 6 in. (152 mm)
with the wood batten, noise wall planks, and wood nailer, as shown in Figures 66, 67, and 78.

A wood plank noise wall system was attached to the front side of the concrete posts. The
noise wall planks consisted of 2-in. x 8-in. x 16-ft (51-mm x 203-mm x 4.9-m) tongue and
groove wood planks with a minimum bending stress of 1,500 psi (10.3 MPa). The planks were
attached to the concrete posts with a 2-in. x 8-in. x 10-ft (51-in. x 203-mm x 3.0-m) wood batten
with a minimum bending stress of 1,500 psi (10.3 MPa) and a 3-in. x 10-in. x 10-ft (76-mm X
254-mm x 3.0-m) wood nailer with a minimum bending stress of 1,200 psi (8.3 MPa). To allow
for the attachment of the anchor cable, the end two sections of noise wall planks were installed
on the back side of the concrete posts.

For the third crash test, the sponsors requested that hex-head bolts be used for the post-to-
rail connection in lieu of the specified dome head bolts. Two post-to-rail bolts were attached to
the concrete posts with field-installed, threaded inserts. The hex-head bolts were %-in. (19-mm)
diameter ASTM A307 Grade A by 18 in. (457 mm) long with a %-in. (19-mm) washer that had a
2-in. (51-mm) outer diameter. The hex-head bolts and washers were recessed % in. (16 mm)
inward from the front face of the rail so that the bolt head was flush with the front face of the
rail.
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The entire system was constructed with twelve prestressed concrete posts, as shown in
Figures 66, 74, 75, and 77. All twelve posts were concrete sections measuring 12 in. wide x 18
in. deep x 18 ft long (305 mm x 457 mm x 5.5 m), as shown in Figure 75. The concrete posts
were spaced 8 ft (2.4 m) on center along the length of the system with a soil embedment depth of
8 ft (2.4 m), as shown in Figure 66. The concrete used for the prestressed concrete posts had a
minimum compressive strength of 5,500 psi (37.9 MPa).

The concrete posts utilized in the test installation were configured with the longitudinal
prestressing strands in lieu of longitudinal reinforcement bars, as shown in Figure 75. The steel
prestressing strands consisted of Y2-in. (12.7-mm) diameter, 270 ksi (1,862 MPa) LO-LAX
prestress strands extending the length of the post. The loop bars were no. 3 reinforcing bars, 53
in. (1.3 m) long, bent into a rectangular shape, and were spaced 18 in. (457 mm) on center. A
minimum concrete cover of 2 in. (51 mm) was used for all the rebar and strands placed within
the posts. The reinforcing bars in the post were ASTM A615 Grade 60 epoxy-coated rebar. The
post reinforcement details are shown in Figures 75 and 76.

A BCT anchor cable assembly attached the end post to a cable anchor bracket on the back
of the rubrail. Each cable anchor bracket was attached to the rail section with eight 1%-in. (32-
mm) diameter by 14-in. (356-mm) long ASTM A307 Grade A galvanized dome head bolts and a
1¥%-in. (32-mm) diameter hex 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 post-to-rail bolts with the threaded inserts in the concrete
posts. At post no. 5, a 2%-in. (64-mm) outer diameter washer was utilized due to an
oversized hole in the rail.

(2) The galvanized post-to-rail bolt threads were not compatible with the threads in the
zinc-plated, threaded inserts that were installed in the posts. Thus, the galvanization
was stripped from the threaded ends of the bolts so that they could be installed.

(3) The ends of the timber rubrails required planning to fit within the H-shaped splice
plates.

(4) For testing purposes only, double-headed nails were used instead of part g3 to allow
the noise wall sections to remain intact when switching from the back-side noise wall
configuration to the front-side noise wall configuration.

After construction of the system, a few modifications were identified that would ease
construction of future installations. Although the noise wall and rubrail system can be installed in
the as-tested configuration shown in Figures 66 through 83, MwWRSF would recommend future
installations utilize the modified system details shown in Chapter 12,
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Figure 67. Rail Section Details, Test No. MNNW-3 (Recommended updates provided in Chapter 12)
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(2) Batten (part e4) and batten screws (part g4) hidden on post R [SHEET:
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pattern. Timber Rail TATE:
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Figure 68.

Noise Wall Details, Test No. MNNW-3 (Recommended updates provided in Chapter 12)
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DETAIL H

Notes: (1) Rail segments (part a2) and batten (part e4) hidden in both detail views.
(2) Use two nails (part g3) per wall board (parts €2 and e3) attachment

location where the rail attaches to posts.

Screws (part g4) not used on the front of the wall where the rail attaches

to posts.

G

=

DETAIL |

Midwest Roadside
Safety Facility

MNDCT Noise Wall
Timber Rail
Test No. MNNW-3

SHEET:
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DATE:
11/15/2018

Post Attachment Nailing Pattern |yes pex/o0
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DWG. NAME.
MNNW—3_R4

W
SCALE: 1:5 REV. BY:
UNITS: in.[mm] |JDS/RKF

Figure 69. Post Attachment Nailing Pattern, Test No. MNNW-3 (Recommended updates provided in Chapter 12)
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Figure 70. Timber Rail Downstream End Segment Details, Test No. MNNW-3 (Recommended updates provided in Chapter 12)
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Figure 71. Timber Rail, Test Nos. Test No. MNNW-3 (Recommended updates provided in Chapter 12)
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Figure 72. Timber Rail Upstream End Segment, Test No. MNNW-3 (Recommended updates provided in Chapter 12)
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Figure 73. Anchor Plate Assembly, Test No. MNNW-3 (Recommended updates provided in Chapter 12)
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Figure 74. Cable Anchor Plate Components, Test No. MNNW-3 (Recommended updates provided in Chapter 12)
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Figure 75. Concrete Post Details, Test No. MNNW-3 (Recommended updates provided in Chapter 12)
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Notes: (1) Splices not allowed in part c3.
(2) Prestressed strands (part c4) may be used in lieu of ¢3 reinforcement

bars. ¢1/2” [13] low—relaxation, 270 ksi [1,862 MPa] ultimate strength . .
Initial prestress = 30,900 Ib [137.5 kN] per strand; cut strands flush with Midwest ROO.d.SIde
concrete. Sofety FOC!|Ity
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Figure 76. Concrete Post Reinforcement, Test No. MNNW-3 (Recommended updates provided in Chapter 12)
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Figure 77. Splice Plate Details, Test No. MNNW-3 (Recommended updates provided in Chapter 12)
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Figure 78. Noise Wall Components, Test Nos. Test No. MNNW-3 (Recommended updates provided in Chapter 12)
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Figure 79. Wood Plank Details, Test No. MNNW-3 (Recommended updates provided in Chapter 12)
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Figure 80.

BCT Anchor Cable Assembly Details, Test No. MNNW-3 (Recommended updates provided in Chapter 12)
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Midwest Roadside
Safety Facility

MNDOT Noise Wall
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Test No. MNNW-3

Hardware

SHEET:
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DATE:
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DRAWN BY:
MES/JEK/DJ
MES/UER/!

DWG. NAME.
MNNW—3_Ré

[SCALE: 1:3
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Figure 81. Hardware, Test No. MNNW-3 (Recommended updates provided in Chapter 12)
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G0T

Iheg'n QTY. Description Material Specification Treatment Specification Hué‘SiVécelre
125 5/8"x13 1/2"x10 3/4” [3,191x343x273 GLULAM — Comb. 48(SP) or Comb. 2(Western
ai 1 Timber/Roil End Section /4" 1 ! sp(ecigs) ( See Notes: 1=3 -
191 1/4"x13 1/2"x10 3/4” [4,858x343x273 GLULAM — Comb. 48(SP) or Comb. 2(Western
az 4 Timber/RcI\ Secéon /4" 1 ! sp(echs) ( See Notes 1-3 -
173 5/8"x13 1/2"x10 3/4” [4,410x343x273 GLULAM — Comb. 48(SP) or Comb. 2(Western
a3 1 Timber/RoiI Em/Section /47 1 ] sp(ec‘\gs ( See Notes 1-3 -
a4 | 2 |13 1/2"%9"x6" [343x229x152] Wood Blockout GLULAM — Comb. ‘%S%(scﬁgsfr Comb. 2(Western See Notes 1-3 =
b1 2 [10 1/2"x9"x3/8" [229x267x10] Steel Plate ASTM A36 ASTM A123** -
b2 4 |3"x3"x1/4" [76x76x6] Steel Gusset ASTM A36 ASTM A123** =3
b3 | 2 [3"x3"x1/2" [76x76x13] Steel Plate ASTM A36 ASTM A123** -
i 12 ;§S>t<18 [305%x457], 18’ [5,486] Long Concrete Min. fc = 4,000 ksi [27.6 MPa] _ _
2 |156(3/8” [10] Dia., 53" [1,346] Long Rebar ASTM AB15 Gr. 60 Epoxy Coated, (ASTM A775 or -
¢3* | 48 1/2” [13] Dia., 210" [5,334] Long Rebar ASTM AB15 Gr. 60 Epoxy C°°te§9§ﬁ§w A7T5 or —~
ca* | 48 64%8411{]0;;0, 7—-Wire Pre—Stressing Strand, 216 ASTM A416 Gr. 270 _ _
d1 | 10 |29 1/47x13 1/2"x3/8" [743x343x10] Steel Plate ASTM A36 ASTM A123** -
d2 5 [13 1/2"x10"x3/8” [343x254x10] Steel Plate ASTM A36 ASTM A123** =
SYP Gr. No. 1DDen|se oFrj bzitterhs’t\londard rough
e ) : sawn_or Douglgs Fir—Larch No. 1 or
el | 14 310" [76x254], 10" [3,048] Long Vertical Wood | pougig” FireLarch: (North) Select Structaral or See Note 4 -
Douglas_Fir—South Select Structural or equivalent
with min F'b = 1,200 psi [8.3 MPaq]
n gn ’ SYP Gr. Select Structural
e2 |51 %rﬁgve[%ﬁa ior?k [2,438] Long Tongue and Douglas Fir—Larch Select Structural or equjvalent See Note 4 -
with min F'b = 1,500 psi [10.3 MPa]
2"x8" [51x203], 16’ [4,877] Long Tongue and _SYP Gr,_ Select Structural )
e3 68 Douglas Fir—Larch Select Structural or equijvalent See Note 4 —
CGroove Wood Flank Tith min Fb = 1.500 psi [10.3 MPa]
—_ P SYP Gr. Select Structural
e4 | 14 (2"x8” [51x203], 10’ [3,048] Long Wood Batten Douglas Fir—Larch Select Structural or equivalent See Note 4 -
With min F'b = 1.500 psi [10.3 MPa)
o s SYP Gr. Select Structural
e5 6 |2"x4” [51x102], 10’ [3,048] Long Wood Plank Douglas Fir—Larch Select Structural or equivalent See Note 4 -
with min F'b = 1,500 psi [10.3 MPa]
*Use either part ¢c3 or c4. ** Weld before galvanization.
Notes: (1) Timber rail sections and blockouts shall be treated with
entachlorophenol (PCP—A) in heavy oil to a minimum net retention of 0.6 p SHEET:
p P ( ) i y ol 1 ! MNDOT Noise Wall 17 of 18
Ib/ft® (9.6 kg/m3) in accordance with AWPA Standard U1 to the requirements . .
Use Category 4A (UC4A). Timber Rail DATE:
(2) Wood shall be cut, drilled, and completely fabricated prior to Test No. MNNW—3 /1542018
treatment with preservative. Drain excess chemicals and dry all treated v
wood at the place of manufacture. " " Bill of Materials MES/JEK/[’M
(3) All field cuts, bore holes, and damages shall be treated with material Midwest Rood&de W
acceptable to the engineer prior to installation. Sofety F(]C"Ity DWG. NAME. SOALE: None [REV. BY:
(4) Provide preservative treated timber products per Spec. 3491. MNNW-=3_R4 INTS: i [rm]|JDS/RKE

Figure 82. Bill of Materials, Test No. MNNW-3 (Recommended updates provided in Chapter 12)
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ftem | qry. Description Material Specification Treatment Specification Riareniars
f1 2 |BCT Anchor Cable = = FCAQ1
2 2 |8"x8"x5/8" [203x203x16] Anchor Bearing Plate ASTM A36 ASTM A123 FPBO1
@ | 2 [BgyE B0l O « 127 [309] Leng BCT Past ASTM A53 Gr. B Schedule 40 ASTM A123 —~
1 1/4"—7 UNC [M30x3.5], 12 1/4” [311] Lon Bolt — ASTM_A307 Gr. A ASTM A153 or_B695 Class 55 or
a1 | 48 (Rt Rl e /4" [311] Long Nut — ASTM A563A F2329 FBEC9a
3/4"—10 UNC [M20x2.5], 18" [457] Long Hex . ASTM A153 or B695 Class 55 or
g2 |=a S22000 UNG [ ] [457] Long ASTM A307 Gr. A or Equivalent o FBX20q
g3 |[1192|16D Ring Shank Nail — = —
g4 | 436 N9, 8 % 2 1/27 [BA] Long Bugls Head Extsrior - ASTM A153 or B695 Class 55 _
g5 | 42 |1/2” [13] Dia. Round Plate Washer ASTM F844 ASTM A123 or A153 or F2329 -
1/2”—6 Coil Thread [M14x4], 3” [76] Long Hex . ASTM A153 or B695 Class 55 or
gs. |a2 [M2-8.C [ 1. 3" [76] Long ASTM A307 Gr. A or Equivalent Al -
q7 24 |3/4”=10 UNC [M20x2.5] Drop—In Concrete Anchor Hilti Item No. 258541 Zinc—Plated —
\ Galvanize per spec. 3392 or
g8 72 |1/2"-6 Coil Thread [M14x4] Concrete Anchor As Supplied electroplate p_Fr AS"]I'M B633 SC4 -
ype
g9 | 48 |1 1/4" [32] Dia. Plain Round Washer ASTM F844 ASTM A123 or A153 or F2329 FWC30a
g10 24 |3/4” [19] Dia. Plain Round Washer ASTM F844 ASTM A123 or A153 or F2329 FWC20a
N [SHEET:
MNDOT Noise Wall 18 of 18
Timber Rail DATE:
Test No. MNNW-3 —
Midwest Roadside| =" °F Materes i
Sofety FO Clllty DWG. NAME. [SCALE: None [REV. BY:
MNNW-3_R4 UNITS: in._mm][JDS/RKF

Figure 83. Bill of Materials, Test No. MNNW-3 (Recommended updates provided in Chapter 12)
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Figure 84. Test Installation Photographs, Test No. MNNW-3
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Figure 85. Test Installation Photographs, Test No. MNNW-3
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9 FULL-SCALE CRASH TEST NO. MNNW-3
9.1 Static Soil Test

A static soil test was conducted before test no. MNNW-1, which demonstrated a soil
resistance above the baseline test limits. Since the system was not deemed to have significant soil
dependence, as discussed previously, due to large posts, heavy mass, and deep post embedment
depth, a static soil test was not conducted before test no. MNNW-3. Additionally, it was noted
that a very shallow frostline existed. Since the system was not believed to have soil dependence
and had deflected less than 1 in. (25 mm) at the ground line in both test nos. MNNW-1 and
MNNW-2, it was determined that the shallow frost would not affect the performance of the
system.

9.2 Weather Conditions
Test no. MNNW-3 was conducted on April 4, 2018 at approximately 2:45 p.m. The

weather conditions as per the National Oceanic and Atmospheric Administration (station
14939/LNK) were reported and are shown in Table 11.

Table 11. Weather Conditions, Test No. MNNW-3

Temperature 43° F

Humidity 38%

Wind Speed 13 mph

Wind Direction 170° from True North
Sky Conditions Sunny

Visibility 10 Statute Miles
Pavement Surface Dry

Previous 3-Day Precipitation 0.08 in.

Previous 7-Day Precipitation 0.14 in.

9.3 Test Description

The noise wall system was thought to behave similarly to a rigid barrier since minimal
deflection was expected near the ground line. Table 2.7 of MASH 2016 recommends an impact
point approximately 4.3 ft (1.3 m) upstream from a post or splice for rigid barriers. In test no.
MNNW-1, the impact point was selected to be the same as used in test no. MNTR-1 to maximize
vehicle snag on a post [1], which was 12 in. (305 mm) upstream from post no. 6, or 9 ft (2.7 m)
upstream from post no. 7. After video analysis of test no. MNNW-1, the maximum vehicle
extent over the rail was very near the same time that the vehicle reached post no. 7. Thus, the
critical impact point for test no. MNNW-3 was believed to be in the range of a minimum of 4.3 ft
(1.3 m) upstream from post no. 7 and a maximum of 9 ft (2.7 m) upstream from post no. 7. Since
the pickup truck in test no. MNNW-3 would not be able to reach the concrete posts with the
noise wall installed on the front side of the posts, the maximum vehicle extent would occur over
a shorter longitudinal length than observed in test no. MNNW-1. Thus, the critical impact point
was selected near the center of the range and also 4.3 ft (1.3 m) upstream from the rail splice
between post nos. 6 and 7, or 6.3 ft (1.9 m) upstream from the centerline of post no. 6. Initial

109



January 31, 2019
MwRSF Report No. TRP-03-396-19

vehicle impact was to occur 51316 in. (1,300 mm) upstream from the center of the rail splice
between post nos. 6 and 7, as shown in Figure 93, which was selected to maximize vehicle snag
on the batten and splice.

The 5,028-1b (2,281-kg) crew cab pickup truck impacted the noise wall system at a speed
of 61.2 mph (98.5 km/h) and at an angle of 25.9 degrees. The actual point of impact was about
1%/16 in. (46 mm) downstream from the target impact point. A sequential description of the
impact events is contained in Table 12. A summary of the test results and sequential photographs
are shown in Figure 86. Additional sequential photographs are shown in Figure 87. Documentary
photographs of the crash test are shown in Figure 88. The vehicle came to rest 74 ft — 7 in. (22.7
m) downstream and 56 ft — 11 in. (17.3 m) laterally behind the barrier after brakes were applied.
The vehicle trajectory and final position are shown in Figures 86 and 94.

Table 12. Sequential Description of Impact Events, Test No. MNNW-3

TIME

EVENT
(sec)

0.000 | Vehicle's front bumper contacted rail between post nos. 6 and 7.

0.004 | Vehicle's front bumper deformed, and vehicle's right headlight contacted rail.

0.010 | Venhicle's right-front tire contacted rail.

0.022 | Vehicle's grille deformed.

0.026 | Vehicle's right-front wheel rim deformed.

0.028 Post no. 6 deflected backward.

0.032 Post no. 7 deflected backward.

0.034 | Vehicle's right-front door deformed.

0.038 Post no. 8 deflected backward.

0.044 Vehicle's hood contacted wall and deformed.

0.050 | Vehicle's grille contacted wall.

0.060 | Vehicle yawed away from system and pitched downward.

0.064 | Vehicle rolled toward system.

0.068 | Vehicle's right-side mirror contacted wall and deformed.

0.072 | Vehicle's grille became disengaged.

0.078 | Vehicle's hood contacted post batten no. 7.

0.088 | Vehicle's right-front door contacted wall.

0.104 | Vehicle's left headlight became disengaged.

0.124 Post no. 6 deflected forward.

0.126 Post no. 7 deflected forward.

0.140 Vehicle's left-rear tire became airborne.

0.142 | Vehicle's right-rear door contacted rail.
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0.156 Post no. 8 deflected forward.

0.232 | Vehicle's right quarter panel contacted rail.

0.290 | Vehicle was parallel to system at a speed of 35.0 mph (56.3 km/h).

0.304 | Vehicle's right-rear tire contacted rail.

0.402 | Vehicle's front bumper contacted ground.

0.450 | Vehicle rolled away from system.

Vehicle's right-rear tire became airborne and exited system at a speed of 30.8 mph

0.454 (49.5 km/h) and an angle of 8.4 degrees.

0.556 | Vehicle yawed toward system.

0.596 | Vehicle pitched upward.

0.798 | Vehicle's right-rear tire regained contact with ground.

0.830 | Vehicle rolled toward system.

0.832 | Vehicle's left-rear tire regained contact with ground.

0.970 | Vehicle pitched downward.

1.090 Vehicle's left-rear tire became airborne.

1.264 | Vehicle pitched upward.

1.508 | Vehicle's left-rear tire regained contact with ground.

9.4 Barrier Damage

Damage to the barrier was minimal, as shown in Figures 96 and 95. Barrier damage
consisted of contact marks on the front face of the rail, splintering of the timber rail, and bolt
displacement. The length of vehicle contact along the barrier was approximately 12 ft — 4% in.
(3.8 m), which spanned 14%a in. (375 mm) downstream from the centerline of post no. 6 to 28%
in. (730 mm) upstream from the centerline of post no. 8.

Contact marks were also visible on the front face of the noise wall and the wooden
battens. Contact marks on the wall measured 30 in. (762 mm), 42 in. (1,067 mm), and 45 in.
(1,143 mm) in length, respectively. The 30-in. (762-mm) mark began 20 in. (508 mm) above the
top face of the rail and 16 in. (406 mm) upstream from the centerline between post nos. 6 and 7.
The 42-in. (1,067-mm) mark began 8 in. (203 mm) above the top face of the rail and 22% in.
(572 mm) upstream from the centerline between post nos. 6 and 7. The 45-in. (1,143-mm) long
mark began 2% in. (64 mm) below the bottom face of the rail and 39 in. (991 mm) upstream
from the centerline between post nos. 6 and 7. An 8-in. (203-mm) contact mark was also found
on the wooden batten at post no. 7, about 21% in. (546 mm) above the top face of the rail. The
wood batten at post no. 7 also fractured approximately 18 in. (457 mm) from the bottom. The top
and bottom post-to-rail bolts of post no. 7 were torn out of their respective holes and bent 2 in.
(51 mm) downstream, and the rail splice between post nos. 6 and 7 was bent ¥ in. (6 mm)
outward at its top upstream corner.

Splintering was common along the timber rail. The longest splinter damage on the rail
began 8 in. (203 mm) downstream from the centerline between post nos. 6 and 7 and measured
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103 in. (2,616 mm) in length. Two long splinters and a large gouge in the rail were found about
16 in. (406 mm) downstream from post no. 6 on the bottom front corner of the rail. The splinters
were 26 in. (660 mm) long and 30% in. (775 mm) long, and the gouge was 6 in. (152 mm) long
and 2 in. (51 mm) deep. On the bottom front corner of the rail, a 63-in. (1,600-mm) splinter was
located 16 in. (406 mm) downstream from the centerline between post nos. 6 and 7. A 60%2-in.
(1,537-mm) long splinter began 12% in. (318 mm) downstream from post no. 6 and ran along the
top front corner of the rail. Splintering also occurred on the top face of the rail. Three splinters
measuring 74 in. (1,880 mm), 41 in. (1,041 mm), and 9 in. (229 mm) in length were found 74 in.
(1,880 mm), 28 in. (711 mm), and 17% in. (445 mm) downstream from the rail splice between
post nos. 6 and 7, respectively. An 8-in. (203-mm) splinter was also found on the wood batten at
post no. 7, about 39 in. (991 mm) from the bottom of the board.

The maximum lateral permanent set of the barrier system was 3 in. (10 mm), which
occurred both at the rail height of post no. 7 and at the midspan of the rail between post nos. 6
and 7, as measured in the field. The maximum lateral permanent set of the top of the posts was
approximately 0.5 in. (13 mm), which occurred at the top of post no. 7, as determined from high-
speed digital video analysis. The maximum lateral dynamic post and rail deflection was 7.0 in.
(178 mm) at the top of post no. 7 and 1.3 in. (32.3 mm) at the midspan of the rail between post
nos. 6 and 7, respectively, as determined from high-speed digital video analysis. The working
width of the system was found to be 41.75 in. (1,060 mm) at the top of post no. 7, also
determined from high-speed digital video analysis.

9.5 Vehicle Damage

The damage to the vehicle was moderate, as shown in Figures 98 and 99. The maximum
occupant compartment intrusion values are listed in Table 13 along with the intrusion limits
established in MASH 2016 for various areas of the occupant compartment. MASH 2016 defines
intrusion or deformation as the occupant compartment being deformed and reduced in size with
no observed penetration. There were no penetrations into the occupant compartment and none of
the established MASH 2016 deformation limits were violated. The entire A-pillar (lateral) and
side door above the seat deformed outward, which is not considered crush toward the occupant,
is denoted as negative numbers in Table 13, and is not evaluated by MASH 2016 criteria.
Complete occupant compartment and vehicle deformations and the corresponding locations are
provided in Appendix E.

The majority of damage was concentrated on the right-front corner and right side of the
vehicle where the impact occurred. The grille and the right-front quarter panel were disengaged
from the vehicle. The front bumper was crushed inward and back on the right side and bent
outward in the middle. The crush on the right side of the bumper covered an area of 73 in. x 17
in. (1,854 mm x 432 mm) and penetrated to a depth of 20 in. (508 mm). A 35-in. x 14-in. (889-
mm x 356-mm) section on the right side of the hood was crushed inward toward the center of the
vehicle. The entire length of the right-front door was torn and crushed inward. The sheet metal
tear on the right-front door was 2 in. (51 mm) wide, and the crush on the right-front door was 29
in. (737 mm). The force of impact caused the top frame of the right-front door to extend outward
away from the vehicle. The right-rear door was also left ajar, but to a lesser extent. The right side
of the windshield was cracked. The right-front windows shattered due to contact with the
dummy’s head.
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Table 13. Maximum Occupant Compartment Intrusion by Location, Test No. MNNW-3

MAXIMUM MASH 2016
Location INTRUSION ALLOWABL E
. INTRUSION
in. (mm) .
in. (mm)
Wheel Well & Toe Pan 1.9 (48) <9 (229)
Floor Pan & Transmission Tunnel 1.2 (30) <12 (305)
A-Pillar 0.6 (15) <5 (127)
A-Pillar (Lateral) -0.8 (-20) N/A
B-Pillar 0.1(3) <5 (127)
B-Pillar (Lateral) 0.1(3) <3 (76)
Side Front Panel (in Front of A-Pillar) 5.5 (140) <12 (305)
Side Door (Above Seat) -4.0 (-102) N/A
Side Door (Below Seat) 1.6 (41) <12 (305)
Roof 0.3(8) <4 (102)
Windshield 0 (0) <3 (76)
No shattering resulting from
. . Shattered due to contact -
Side Window with dummy’s head contact with structural
member of test article
Dash 0.4 (10) N/A

Note: Negative values denote outward deformation
N/A — Not applicable

9.6 Occupant Risk

The calculated occupant impact velocities (OIVs) and maximum 0.010-sec average
occupant ridedown accelerations (ORAS) in both the longitudinal and lateral directions are
shown in Table 14. Note that the OIVs and ORAs were within suggested limits, as provided in
MASH 2016. The calculated THIV, PHD, and ASI values are also shown in Table 14. The
results of the occupant risk analysis, as determined from the accelerometer data, are summarized
in Figure 86. The recorded data from the accelerometers and the rate transducers are shown
graphically in Appendix H.
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Table 14. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. MNNW-3

o Transducer MASH 2016
Evaluation Criteria SLICE-2 Limits
SLICE-1 .
(primary)
oIV Longitudinal -27.45 (-8.37) | -26.65 (-8.12) +40 (12.2)
ft/s (mfs) Lateral 2347 (-7.15) | 24.46 (-7.46) |  +40(12.2)
ORA Longitudinal -1.74 -8.20 +20.49
g's Lateral 7.32 6.64 +£20.49
MAX. Roll 11.1 6.7 +75
ANGULAR .
DISPL. Pitch -7.2 6.1 +75
deg. Yaw -33.9 -33.7 not required
THIV .
ft/s (mis) 34.77 (10.60) 35.37 (10.78) not required
Pg':'? 8.92 11.47 not required
ASI 1.45 1.53 not required

9.7 Discussion

The analysis of the test results for test no. MNNW-3 showed that the system adequately
contained and redirected the 2270P vehicle with controlled lateral displacements of the barrier.
Detached elements, fragments, or other debris from the test article did not penetrate or show
potential for penetrating the occupant compartment, or present an undue hazard to other traffic,
pedestrians, or work-zone personnel. Deformations of, or intrusions into, the occupant
compartment that could have caused serious injury did not occur. The 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 in Appendix H, were deemed acceptable,
because they did not adversely influence occupant risk nor cause rollover. After impact, the
vehicle exited the barrier at an angle of 8.4 degrees, and its trajectory did not violate the bounds
of the exit box. Therefore, test no. MNNW-3 was determined to be acceptable according to the
MASH 2016 safety performance criteria for test designation no. 3-11.
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TESt AGENCY ... MwRSF
Test Number.... MNNW-3
DILE. ...t 4/4/2018
MASH 2016 Test DeSignation NO..........ccccerireiriririre e 3-11
TSt ATTICIE. ... MN Noise Wall
TOtal LENGEN ..ot 89.0 ft (27.1 m)
Key Component - Rail
LENGEN L.t 89 ft (27.1 m)
Width.... ... 13%in. (343 mm)
DEPEN .. s 10%in. (273 mm)
Key Component - Concrete Post
LENGEN 1.t 18 ft (5.5 m)
WIEN o 18 in. (457 mm)
Spacing. 8 ft (2.4 m)
SO TYPE e Coarse Crushed Limestone
Vehicle Make /Model..........cccooeniiiinniiicce 2011 Dodge Ram 1500 Crew Cab
Curb...oovciie 5,265 Ib (2,388 kg)
Test Inertial.. ...5,028 Ib (2,281 kg)
GrOSS SEALIC. ...cveveeviteiieieet ettt 5,188 Ib (2,353 kg)
Impact Conditions
SPBEA ...t 61.2 mph (98.5 km/h)
ANGIE e 25.9 deg.
Impact Location.....49% in. (1,254 mm) US from rail splice between post nos. 6 & 7
Impact Severity ......120.4 kip-ft (163.3 kJ) > 106 kip-ft (144 kJ) limit from MASH 2016
Exit Conditions
SPEE ...t 30.8 mph (49.5 km/h)
.................... 8.4 deg.
Vehicle Stability........ccccoiiiiiiiiic s Satisfactory
Vehicle Stopping DiStance ..........c.ccoveveeneiineneieniens 74 ft — 7 in. (22.7 m) Downstream

56 ft— 11 in. (17.3 m) Laterally Behind
Figure 86. Summary of Test Results and Sequential Photographs, Test No. MNNW-3

0200 sec

Test Article Damage ..
Vehicle Damage.....
VDS [12] ....
CDC [13]..

Maximum Interior Deformation

0.300 sec

I Tm 3/4"(273]

Maximum Test Article Deflections
Permanent Set ... % in. (10 mm) at post no. 7 and midspan between post nos. 6 and 7

DYNAMIC....ecveiiiiieiecesiee e 7.0 in. (178 mm) at the top of post no. 7
Working Width.........cccooeriinninicene. 41.8in. (1,060 mm) at the top of post no. 7
Transducer Data
Transducer
. I MASH 2016
Evaluation Criteria SLICE-1 SL_ICE—Z Limit
(primary)
o Longitudinal | -27.45(-8.37) | -26.65 (-8.12) +40 (12.2)
ft/s (m/s) Lateral -23.47 (-7.15) | -24.46 (-7.46) +40 (12.2)
ORA Longitudinal -7.74 -8.20 +20.49
g’s Lateral -7.32 -6.64 +20.49
MAX Roll 11.1 6.7 +75
ANGULAR -
DISP. Pitch -7.2 6.1 +75
deg. Yaw -33.9 -33.7 not required
34.77 35.37 .
THIV — ft/s (m/s) (10.60) (10.78) not required
PHD —g’s 8.92 11.47 not required
ASI 1.45 1.53 not required
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Figure 87. Additional Sequential Photographs, Test No. MNNW-3
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Figure 88. Documentary Photographs, Test No. MNNW-3
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Figure 89. Documentary Photographs, Test No. MNNW-3
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Figure 90. Documentary Photographs, Test No. MNNW-3
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Figure 91. Documentary Photographs, Test No. MNNW-3
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Figure 92. Documentary Photographs, Test No. MNNW-3

121



January 31, 2019
MwRSF Report No. TRP-03-396-19

N

ﬁ@q‘g\;;, )

Figure 93. Impact Location, Test No. MNNW-3
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Figure 94. Vehicle Final Position and Trajectory Marks, Test No. MNNW-3
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Figure 96. System Damage, Test No. MNNW-3
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Figure 97. Vehicle Undercarriage and Occupant Compartment Damage, Test No. MNNW-3
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Figure 99. Vehicle Damage, Test No. MNNW-3
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10 DISCUSSION

The three crash tests were compared, and some general conclusions were drawn. The
lateral barrier force during each crash test was estimated using the primary vehicle accelerometer
data. The longitudinal and lateral vehicle accelerations from each test, as measured at the
vehicles’ c.g., were processed using a 50-msec moving average. The 50-msec moving average
vehicle accelerations were then combined with the uncoupled yaw angle versus time data in
order to estimate the lateral vehicular loading imparted to the barrier system. The estimated
lateral barrier forces are shown in Figure 100.

Test nos. MNNW-1 and MNNW-3 were both conducted with the 2270P pickup truck and
had impact severities of 117.2 kip-ft (158.9 kJ) and 120.4 Kkip-ft (163.3 kJ), respectively. Test
nos. MNNW-1 and MNNW-3 showed very similar peak lateral forces of 69.8 kips (310.5 kN)
and 72.9 Kkips (324.3 kN), respectively, which indicates that the back-side and front-side noise
wall configurations performed in a very similar manner. In test no. MNNW-1, the secondary
impact with the rear axle of the pickup was more significant than the secondary impact observed
in test no. MNNW-3. The test no. MNNW-1 pickup truck also had much more rear axle damage
than observed on the test no. MNNW-3 pickup truck. In test no. MNNW-2, the small car exerted
an estimated 52.1-kip (231.8-kN) lateral impact force to the barrier. Note that the small car
impact event had a noticeably shorter time duration than observed for the pickup truck crash
events.

Since the pickup truck impact events revealed an estimated lateral barrier force that was
much greater than observed in the small car impact, the lateral dynamic barrier deflections
observed in the pickup truck tests were expected to be much greater than observed for the small
car test. However, this outcome did not occur. Dynamic deflection at the top of the posts was 3.8
in. (96.5 mm), 4.5 in. (114.3 mm), and 7.0 in. (177.8 mm) for test nos. MNNW-1, MNNW-2,
and MNNW-3, respectively. The increased lateral dynamic barrier deflections between tests was
believed to be partially due to an accumulation of soil damage between crash tests. For this
research program, all of the deeply-embedded, vertical concrete posts were reused between tests.
Further, the surrounding soil was not re-compacted around the 8-ft (2.4 m) deep posts after each
test. Instead, the soil was only filled in as needed to reset and plumb the posts. Thus, the soil
below grade would not likely be as firmly compacted against the posts for the two later tests.
Rather, slight soil gaps may have been present below grade, followed by a stiff, compacted soil
interface, which would have occurred after the first impact events. Based on the lateral barrier
impact forces provided in Figure 100, it is estimated that the lateral dynamic barrier deflections
that would occur in test nos. MNNW-1 and MNNW-3 would be nearly identical if installed in
identical soil conditions. Following this testing program, it is evident that the selected vertical
concrete posts for this noise wall and glulam timber rubrail system could be impacted several
times by errant vehicles before requiring resetting. However, system repair may be required for
design variations that utilize smaller post cross-sections and/or shallower post embedment
depths.

The maximum dynamic deflection and working width measured from high-speed video
analysis occurred at the top of the posts, which were 10 ft (3.0 m) above ground. The dynamic
deflection and working width near the ground line was minimal.
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Figure 100. Estimated Lateral Barrier Loads, Test Nos. MNNW-1 through MNNW-3

130



January 31, 2019
MwRSF Report No. TRP-03-396-19

11 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Test nos. MNNW-1, MNNW-2, and MNNW-3 were conducted on a noise wall system
according to MASH 2016 test designation nos. 3-10 and 3-11. A summary of the test evaluations
is shown in Table 15.

Test no. MNNW-1 was conducted according to MASH 2016 test designation no. 3-11.
The barrier consisted of an 89-ft (27.1-m) timber glulam rubrail in front of twelve 18-ft (5.5-m)
long concrete posts with a wooden noise wall attached to the back side of the posts. In test no.
MNNW-1, the 5,056-1b (2,293-kg) pickup truck impacted the noise wall at a speed of 63.0 mph
(101.4 km/h), an angle of 24.7 degrees, and at a location 11%6 in. (294 mm) upstream from the
centerline of post no. 6, thus resulting in an impact severity of 117.2 kip-ft (158.9 kJ). After
impacting the barrier system, the vehicle exited the system at a speed of 38.3 mph (61.6 km/h)
and an angle of 3.7 degrees. The vehicle was successfully contained and smoothly redirected
with minimal damage to the barrier and moderate damage to the vehicle. All vehicle
decelerations, ORAs, and OIVs fell below the recommended safety limits established in MASH
2016. Therefore, test no. MNNW-1 was successful according to the safety criteria of MASH
2016 test designation no. 3-11.

Test no. MNNW-2 was conducted according to MASH 2016 test designation no. 3-10.
The barrier consisted of an 89-ft (27.1-m) timber glulam rubrail in front of twelve 18-ft (5.5-m)
long concrete posts with a wooden noise wall attached to the back side of the posts. In test no.
MNNW-2, the 2,431-lb (1,103-kg) small car impacted the noise wall at a speed of 63.1 mph
(101.5 km/h), an angle of 25.4 degrees, and at a location 46316 in. (1,173 mm) upstream from the
centerline of the rail splice between post nos. 6 and 7, thus resulting in an impact severity of 59.7
kip-ft (80.9 kJ). After impacting the barrier system, the vehicle exited the system at a speed of
43.0 mph (69.1 km/h) and an angle of 5.6 degrees. The vehicle was successfully contained and
smoothly redirected with minimal damage to the barrier and moderate damage to the vehicle. All
vehicle decelerations, ORAs, and OIVs fell below the recommended safety limits established in
MASH 2016. Therefore, test no. MNNW-2 was successful according to the safety criteria of
MASH 2016 test designation no. 3-10.

Test no. MNNW-3 was conducted according to MASH 2016 test designation no. 3-11.
The barrier consisted of an 89-ft (27.1-m) timber glulam rubrail in front of twelve 18-ft (5.5-m)
long concrete posts with a wooden noise wall attached to the front side of the posts. In test no.
MNNW-3, the 5,028-Ib (2,281-kg) pickup truck impacted the barrier at a speed of 61.2 mph
(98.5 km/h), an angle of 25.9 degrees, and at a location 49% in. (1,254 mm) upstream from the
centerline of the rail splice between post nos. 6 and 7, thus resulting in an impact severity of
120.4 kip-ft (163.3 kJ). After impacting the barrier system, the vehicle exited the system at a
speed of 30.8 mph (49.5 km/h) and an angle of 8.4 degrees. The vehicle was successfully
contained and smoothly redirected with minimal damage to the barrier and moderate damage to
the vehicle. All vehicle decelerations, ORAs, and OIVs fell below the recommended safety limits
established in MASH 2016. Therefore, test no. MNNW-3 was successful according to the safety
criteria of MASH 2016 test designation no. 3-11.
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A few modifications are recommended for ease of installation:

(1) The field-installed threaded anchors should be installed by setting the rail in place
and then field drilling the holes in the concrete posts at the proper location to
align with the slots in the rubrail.

(2) The galvanized post-to-rail bolt threads were not compatible with the threads in
the zinc-plated, threaded inserts that were installed in the posts. It recommended
that the bolts and threads have the same coating to ensure compatibility. Further,
galvanized or plated female anchors should incorporate properly cut threads to
accept galvanized bolts.

(3) The ends of the glulam timber rubrails required minor planning to allow them to
fit within the galvanized H-shaped splice plates. With the addition of
galvanization and fabrication tolerances, it is recommended that additional
planning tolerance be added to the timber rubrail ends. Thus, the notches in the
timber rubrails were increased from a %-in. (9.5-mm) depth to a “/1e-in. (11.1-
mm) depth in Figures 101 through 135. Additionally, the corners of rubrails were
chamfered %-in. (6.4-mm) to fit around the welds in the H-shaped splice plates.
However, due to some variations in the welds, a °/16-in. (7.9-mm) chamfer would
allow for easier installation, as denoted in Figures 101 through 135.

The final drawing set for use in system implementation is shown in Chapter 12 in Figures
101 through 117 for the back-side noise wall configuration and Figures 118 through 135 for the
front-side noise wall configuration.
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Table 15. Summary of Safety Performance Evaluations

Evaluation Test No. Test No. Test No.
Factors Evaluation Criteria MNNW-1 | MNNW-2 | MNNW-3
(2270P) (1100C) (2270P)
Test article should contain and redirect the vehicle or bring the vehicle to a
Structural controlled stop; the vehicle should not penetrate, underride, or override the S S S
Adequacy installation although controlled lateral deflection of the test article is acceptable.
1. Detached elements, fragments or other debris from the test article should not
penetrate or show potential for penetrating the occupant compartment, or present S S S
an undue hazard to other traffic, pedestrians, or personnel in a work zone.
2. Deformations of, or intrusions into, the occupant compartment should not S S S
exceed limits set forth in Section 5.2.2 and Appendix E of MASH 2016.
The vehicle should remain upright during and after collision. The maximum roll S S S
and pitch angles are not to exceed 75 degrees.
Occupant Impact Velocity (OIV) (see Appendix A, Section A5.2.2 of MASH 2016
Occupant for calculation procedure) should satisfy the following limits:
Risk Occupant Impact Velocity Limits S S S
Component Preferred Maximum
Longitudinal and Lateral 30 ft/s (9.1 m/s) 40 ft/s (12.2 m/s)
The Occupant Ridedown Acceleration (ORA) (see Appendix A, Section A5.2.2 of
MASH 2016 for calculation procedure) should satisfy the following limits:
Occupant Ridedown Acceleration Limits S S S
Component Preferred Maximum
Longitudinal and Lateral 15.0 g’s 20.49 g’s
MASH 2016 Test Designation No. 3-11 3-10 3-11
Final Evaluation (Pass or Fail) Pass Pass Pass

S — Satisfactory

U — Unsatisfactory ~ NA - Not Applicable
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12 MASH EVALUATION

The MnDOT noise wall and glulam timber rubrail system was evaluated to determine its
compliance with MASH 2016 TL-3 evaluation criteria. The test installation of the barrier system
was constructed of a wood plank noise wall, which spanned across concrete support posts, and
was protected by glulam timber rail sections.

MASH 2016 currently requires two full-scale crash tests for evaluation of longitudinal
barrier systems to TL-3. The back-side noise wall configuration passed both MASH 2016 TL-3
tests for longitudinal barriers, test nos. 3-10 and 3-11, and is considered acceptable for use on the
roadside. The front-side noise wall configuration passed one crash test, MASH 2016 test
designation no. 3-11. MASH 2016 test designation no. 3-11 was deemed more critical for
evaluating vehicle snag on posts as well as investigating lateral dynamic barrier loading with the
noise wall mounted to the front side of the posts. Test designation no. 3-10 was deemed
unnecessary for the noise wall mounted to the front side of the posts. Both crash tests under test
designation no. 3-11 (test nos. MNNW-1 and MNNW-3) with the noise wall installed on the
back- and front-side faces of the posts provided similar results, and the barriers experienced very
similar lateral loading. Similar to the pickup truck tests, it was expected that test designation no.
3-10 would result in similar loading with the front-side noise wall configuration as the back-side
noise wall configuration. Additionally, there was minimal concern for vehicle snag as the vehicle
would not be able to extend as far underneath or over top of the rubrail. Thus, the overall barrier
system should also provide similar performance under MASH test designation no. 3-10 impact
events using back- and front-side noise wall configurations.

Test no. MNNW-1 was conducted according to MASH 2016 test designation no. 3-11
with a 5,056-1b (2,293-kg) pickup truck impacting the noise wall (back-side configuration) at a
speed of 63.0 mph (101.4 km/h), an angle of 24.7 degrees, and at a location 11%15 in. (294 mm)
upstream from the centerline of post no. 6, thus resulting in an impact severity of 117.2 kip-ft
(158.9 kJ). Maximum dynamic deflection and working width was 3.8 in. (97 mm) and 44.5 in.
(1,130 mm), respectively, at the top of post no. 7. Test no. MNNW-1 was successful according to
the safety criteria of MASH 2016 test designation no. 3-11.

Test no. MNNW-2 was conducted according to MASH 2016 test designation no. 3-10
with a 2,431-Ib (1,103-kg) small car impacting the noise wall (back-side configuration) at a
speed of 63.1 mph (101.5 km/h), an angle of 25.4 degrees, and at a location 46%/16 in. (1,173 mm)
upstream from the centerline of the rail splice between post nos. 6 and 7, thus resulting in an
impact severity of 59.7 kip-ft (80.9 kJ). Maximum dynamic deflection and working width was
4.5 in. (114 mm) and 44.5 in. (1,148 mm), respectively, at the top of post no. 7. Test no.
MNNW-2 was successful according to the safety criteria of MASH 2016 test designation no. 3-
10.

Test no. MNNW-3 was conducted according to MASH 2016 test designation no. 3-11
with a 5,028-1b (2,281-kg) pickup truck impacting the noise wall (front-side configuration) at a
speed of 61.2 mph (98.5 km/h), an angle of 25.9 degrees, and at a location 49% in. (1,254 mm)
upstream from the centerline of the rail splice between post nos. 6 and 7, thus resulting in an
impact severity of 120.4 kip-ft (163.3 kJ). Maximum dynamic deflection and working width was
7.01in. (178 mm) and 41.8 in. (1,062 mm), respectively, at the top of post no. 7.
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The glulam timber for the rail members and spacer blocks was fabricated with
Combination no. 2 Western Species, but any wood species with a stronger bending strength,
including Combination No. 48 Southern Pine material, is an acceptable and equivalent
alternative.

The concrete posts utilized in the test installation were configured with longitudinal
prestressing strands in lieu of longitudinal reinforcement bars. However, reinforced concrete
posts of equivalent strength are an acceptable alternative

The noise wall configurations with deeper embedment depths and taller noise walls are
all expected to be stiffer than the as-tested systems due to increased soil resistance. All
evaluation criteria in the crash tests were far from the limits published in MASH 2016. Thus, a
stiffer system should also be a crashworthy configuration. Additionally, an embedment depth of
6 ft (1.8 m), which is the minimum embedment depth allowed by MnDOT, was previously tested
to NCHRP Report 350 evaluation criteria and performed acceptably. Even with the increased
impact severity with MASH 2013 test designation no. 3-11, it is believed that the noise wall
system with 12-in. (305-mm) x 18-in. (457-mm) concrete posts with embedment depths of 6 ft
(1.8 m) and greater should be crashworthy. However, the dynamic deflections may increase
slightly with shallower embedment depths.

Both recessed round-head bolts and recessed hex-head bolts were evaluated in the test
series and performed acceptably. Round-head bolts with a washer equivalent to size of a dome-
head bolt head are believed to perform the same since they have the same sized contact area with
the rubrail. Thus, round-head bolts with a washer and dome-head bolts with an '-in. (3-mm)
recess in the timber rubrail are both acceptable for use in the rail-to-post connection.
Additionally, hex-head bolts with a %-in. (16-mm) recess are also acceptable for use in the rail-
to-post connection based on test no. MNNW-3. Details for the dome-head bolts are shown in the
back-side noise wall configuration in Figures 101 through 117. Details for the hex-head bolts are
shown in the front-side noise wall configuration in Figures 118 through 135. However, either
bolt can be use with either the back- or front-side configuration.

In test nos. MNNW-1 and MNNW-2, 14-in. (356-mm) long splice bolts were utilized and
performed acceptably. In test no. MNNW-3, 12-in. (305-mm) long splice bolts were utilized and
performed acceptably. The 14-in. (356-mm) long splice bolts could be utilized only in the back-
side noise wall configuration. Due to the similarities in performance in both the back-side and
front-side noise wall configurations, the 12-in. (305-mm) long splice bolts could be utilized in
either configuration.

MnDOT may utilize 32-ft (9.8-m) long rubrails in lieu of 16-ft (4.9-m) long rubrails.
Utilizing a long rubrail would decrease the number of splice plates and splice bolts necessary for
construction. The capacity of the splices is similar to the capacity of the rubrail, so 32-ft (9.8-m)
long rubrails used in lieu of 16-ft (4.9-m) long rubrails would also result in a crashworthy
system.

The transition point from a back-side to a front-side noise wall could present a concern
for vehicle snag. In test no. MNNW-1, the vehicle almost contacted the concrete post, which is
located 16% in. (425 mm) behind the front face of the timber rubrail. For the noise wall
configuration attached to the front side of the posts, the noise wall’s vertical battens were located
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10% in. (273 mm) behind the front face of the timber rubrail. Thus, a narrow exposure existed
where the engine hood or front fender panel could snag on vertical components with an overlap
of approximately 6 in. (152 mm). The snag likely would not be too severe, but the alternating
noise wall placement from the back side to the front side of posts would pose greater snag risk.
The severity of this snag could be evaluated with additional crash testing to confirm its
crashworthiness. Further, the end of the noise wall and glulam timber rubrail barrier system
could present a snag hazard if left unprotected. It is recommended that the ends of the system be
protected with an appropriate crashworthy system or extended beyond the clear zone.
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Timber Rail DATE:
Back Side Configuration n/ssaee
c Post Detail e
. . oncrete Pos etails
Midwest Roadside B/ =/
Safety Facilit WG, NAVE SCALE: 135 [REV. BT
y y MNNW—FinciSet_R3 UNITS: in.[mm] ER/ELY/

Figure 109. Concrete Post Details, Back-Side Noise Wall
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@1 1({#) [38]

Initial prestress =
concrete.

Notes: (1) Splices not allowed in part c¢3.
(2) Prestressed strands (part c4) may be used in lieu of c3 reinforcement

bars. @1/2" [13] low—relaxation, 270 ksi [1,862 MPa] ultimate strength

30,900 Ib [137.5 kN] per strand; cut strands flush with

Midwest Roadside
Safety Facility

MNDOT Noise Wall

8"[203]
! (N
-+ (-4}
N S
L—m"[ms] LAP4J
14" 356]
Part a1
i 210"[5334] VA i
I ]
1 I
I s 4 |
| |
Part o2
f 216"[5486] N/
! :
' PR I
I I
Part o3
BILL OF BARS
ITEM NO. QTY. PER POST BAR SIZE TOTAL LENGTH

c2 13 #3 53" [1,346]

c3 4 #5 210" [5,334] . .

cd 4 1/2" [13] 216" [5,486) Timber Rail

Back Side Configuration

Concrete Post Reinforcement

SHEET:
10 of 17

DATE:
11/18/2018)

DRAWN BY:

DWG. NAME.

MNNW=FinalSet_R3

MKB,/JEX,
B/ IRKS
SCALE: 1:4 REV. BY:
JUNITS: in.[rm]|JEK /ELY,
][R /2L0/

Figure 110. Concrete Post Reinforcement, Back-Side Noise Wall
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is 3/4" [19].

Note: (1) 3/16" [5] gap is provided between each rail end and side of
steel mid—plate. Total distance between rail end te adjocent rail end

Back Side Configuration

Midwest Roadside
Safety Facility

Splice Plate Details

\ 1/4" [E] E70xx
10 3/4"[273] 1/4" (6]
@ Lm 7/16"[367 | —=||~—14 7/16"[357]J
PLAN VIEW PLAN VIEW
Splice Plate Assembly
3/8"10]
L . r
' ! 10"[254)
PLAN VIEW 3/8"[10]_-”&
29 1/4"[743)——— I
2 1/4"[57] 5"[127] 5"[127] 2 1/4"[57)
¥ T 13 1/27[343)]
3 1/2"[89] 3 1/2"89]
-©-—-9 o0
| I I
6 1/2"165] | | | \ 6 1/2"[165] 13 1/2"[343]
I I I |
—/fP-—-GB -—-— ELEVATION VIEW PROFILE VIEW
@1 5/16"[33 P
({YP)I ]—/ art d2
ELEVATION VIEW —
Part d1 MNDOT Noise Wall 1 ot 12
Timber Rail DATE:

11/18/2018)

DRAWN BY:

DWG. NAME.
MNNW=FinalSet_R3

MK/ K,
B/ IRKS
SCALE: 1:10 |REV. BY:

NITS: in | K,
UNITS: in.[rm] isjELU/

Figure 111. Splice Plate Details, Back-Side Noise Wall
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3"[76] 1
I ———
_r _r
PLAN VIEW PLAN VIEW

1/2"[38]

10”[254]—'-—-' I.j7 1/4"5184]

®5/8"16] THRU
Lig2 1/4" [57]
v9/(1T§(P [14] T\

)
L6 1/2"[165]
42"[1067)
j 120"[3048] 1207
3 1/2"[89]
42"[1067]

18"[[57] - L—s 1/2"[89]

ELEVATION VIEW
BACKSIDE Part e4
Part et

3048]

ELEVATICN VIEW

8"[152]

|
I
T

|
I
T

PLAN VIEW

3 1/16"[78]

l—9"[229]—

o—

( f
4 1/2‘[114]

4 1/21"[114]

13 1/2"[343]

5 15/16"[151]—'——-

\oﬂ(/g{ P[)22]

ELEVATION VIEW
SCALE 1:10

Part o4

e

Midwest Roadside
Safety Facility

MNDOT Noise Wall
Timber Rail

Back Side Configuration
Noise Wall Components

DWG. NAME.

ISCALE: 1:25

MNNW—FinalSet_R3 UNITS: in [rmm]|\EK/EL/

Figure 112.

Noise Wall Components, Back-Side Noise Wall
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1927[4877]

6 13/1

J

ELEVATION VIEW

f 96”[2438] VA

—_ .-___3\‘____ Ll

s

ELEVATION VIEW

120"[3048] A,

I

i i
ELEVATION VIEW

Note: (1)} Cross—sectional dimensions for parts e2 and e3 are approximate.

Part e3

6 13/16"[173]

5/3"[10]—-”-_L
17/1 68"11]

6"[173]
1/27[13)

1/2"13]

I N
L e

PROFILE VIEW

3/8”[10]—-“—;L

T—'f/m"[ 1]

1/2"13]

1/27[13]

-t
L—I—1 1/2"38]

PROFILE VIEW

Part e2

1 1/2"[38]
-

|:|3
S

1/27[89]

PROFILE VIEW

Part e5

SHEET:

MNDOT Noise Wall 13 of 17

Timber Rail GATE:

11/18/2018)

Back Side Configuration

Wood Plank Details oo o

Midwest Roadside b/
Safety Focility DWG. NAME. SCALE: 1:8 REV. BY:
MNNW—FinolSel_R3 UNITS: in.[rm] i;-/ELu/

Figure 113.

Wood Plank Details, Back-Side Noise Wall
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f 80"[2032] |

' 50"[1270] |

®3/4” [19] 6x19 IWRC IPS Cable
or
6x25 IWRC IPS with minimum breaking
strength of 42.7 kips [190 kN]

ELEVATION VIEW
Part f1

15"[381] '

01(25] Hox "~ o1 17271381 \ —ot /ey ] sT27)
[203]
- / Standard Swaged J——Q\ -

@1"[25] Plain

Round Washer DETAIL H Fitting
1"—8 UNC [M24x3] Stud SCALE 1:5 @1 1/8"29]
Threaded Entire Length
ELEVATION VIEW PROFILE VIEW
Part f2

|-712"[305]4-| 22 1/16"[53 @2 3/8"60)

e 77178] 5"[127]% i 812031 i
[i 4"[102] 4"75/5[161
|

/“\ MNDOT Noise Wall
) - B B \j Timber Rail

ELEVATION VIEW PROFILE VIEW

Midwest Roadside| "eteis

Fort 13 Safety Facility [* ™=

ISHEET:
14 of 17
IDATE:
. - - 11/19/2018
Back Side Configuration e
BCT Anchor Cable Assembly [ERAR B
i IMKB/ JEK/
DWW
SCALE: 1:10 [REV. Br:
MNNW—FinciSet_R3 UNITS: in.[mm] ER/ELY/

Figure 114.

BCT Anchor Cable Assembly Details, Back-Side Noise Wall
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@2 7

—|—1/2"[13]

8"[73]

P2 1]4“[57]
LA

~ [-3/8°10]

'S
, e ovtre /€10
1 1/4"-7 UNC [MSOxJ.S]—/ —
! 14"[356] *
Port gt
@1 3/8735]
“2”[51]"‘ Part g9

]

3/4"-10 UNC [M20x2.5] —

M1 4x4]E

«| 8D
l——T8D

Part g6

18"[457] |
Part g2
®2"[51 -||-—1/8"[3] 1/2"—6 Coil Thread
a -
#9/16"14]
Part g5

3 1/2"89]
T
e

Part g3

Note: (1) Dome head bolts may have a flat head key in center region, key shapes in

the heads, or flattened sides sufficient

(2) Bolt and thread lengths for part g6 to be determined after post is

fabricated.

—-|2 1/2"[54]’—
== = S = s

Part g4

MNDOT Noise Wall
Timber Rail

for an open—ended wrench.

Midwest Roadside
Safety Facility [™ ™=

Hardware

Back Side Configuration

MNNW—FinalSet_R3

SCALE: 1:3
UNITS: . [rmm ] |JEK/ELU,
[mm]|Ex/ELU/

Figure 115. Hardware, Back-Side Noise Wall
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lheg‘l Qry. Description Material Specification Treatment Specification Hcgsi\:ajgre
125 5/8"x13 1/2"x10 3/4" [3,191x343x273 GLULAM — Comb. 48(SP) or Comb. 2{Western
et |1 Timber/ Rail En Section/ L ! sp(ecigs ( See Notes 1-3 -
191 1/4"x13 1/2"%10 3/4" [4,858x343x273 GLULAM — Comb. 4B8(SP) or Comb. 2{Western
az | 4 ﬂmber/ﬂoil Section /4" ] sp(ecie)s} ( See Notes 1-3 -
173 5/8"x13 1/2"x10 3/4" [4,410x343x273 GLULAM — Comb. 4B(SP) or Comb. 2{Western
o3 | 1 Timber/RciI En Section/ ( ] sp(ecic)as} ( See Notes 1-3 -
o4 | 12 (13 1/2"x9"x6" [343x229x152] Wood Blockout GLULAM  — Comb. 48(SF) or Comb. 2(Western See Notes 1-3 -
b1 | 2 |10 1/2"x9"x3/8” [229x267x10] Steel Plate ASTM A36 ASTM A123** -
b2 | 4 |3"x3"x1/4” [76x76x6] Steel Gusset ASTM A36 ASTM A123** -
b3 2 [3"x3"x1/2” [76x76x13] Steel Plate ASTM A3B ASTM A123** -
12"x18" [305x457], 18’ [5,486] Long Concrete Min. f'c = 5,500 psi [37.9 MPao _ _
o1 |12 [12x18" L ! [ 1 Long TR 1
" - " =
a1l |156(3/8" [10] Dia., 53" [1,346] Long Rebar ASTM A615 Gr. 60 Epoxy C°°fe§9§§§ M A775 or -
a2* | 48 [5/8" [16] Dic., 210" [5,334] Long Rebar ASTM AB15 Gr. 60 Epoxy C°°te§9§§§m A775 or -
* 2" [13] Dia, 7—Wire Pre—Stressing Strand, 216"
ca* | 48 ﬂ _4565 L]Qng 9 ASTM A416 Gr. 270 - -
d1 10 |29 1/4"x13 1/2"x3/8" [743x343x10] Steel Plate ASTM A36 ASTM A123** -
d2 | 5 |13 1/2"x10"x3/B" [343x254x10] Steel Plote ASTM A38 ASTM A123™* -
SYP Gr. No. ‘IDDenlse orr bftterh sﬁand?rd rough
noa o , : sawn_or Douglgs Fir—Larch No. 1 or
el 12 ‘aﬂ’fﬂe? [76x254]. 10" [3.048] Long Vertical Wood Douglas Fir—Lorchg (North) Select Structural or See Note 4 -
Douglas_Fir—South Select Structural or equivalent
with min F'b = 1,200 psi [B.3 MPu'j
2"x8” [51x203], 8' [2,438] Long Tongue and SYP Gr. Select Structural .
e2 |17 Douglas Fir—Larch Select Structural or equjvalent See Note 4 -
Groove Wood Flonk IWkR min Fo = 1.500 pei [10.3 MPo
"oon s SYP Gr. Select Structural
e3 |85 |28 [51x203], 16’ [4.877] Long Tongue and Douglas Fir—Larch Select Structural or ivalent See Note 4 -
Groove Wood Plonk Ioth min Fb = 1.500 pai [10.3 MFG)
non ' SYP Gr. Select Structural
e4d | 12 |2"xB" [51x203], 10" [3,048] Long Wood Batten Douglas Fir—Larch Select Structural or equivolent See Note 4 -
with min F'b = 1,600 psi E‘tU.S MPuj
o w , SYP Gr. Select Structural .
e5 | 2 |2"x4" [51x102], 10" [3,048] Long Wood Plank Douglas Fir—Largh Select Structurcl or equjvclent See Note 4 -
With min F'b = 1.500 pei [10.3 MPa]
*Use either part ¢3 or c4. ** Weld before galvanization.
Notes: (1) Timber rail sections ond blockouts shall be treated with
pentachlorophenol (PCP—A) in heavy oil to a minimum net retention of MNDOT Noi wall SREET: |
0.6 Ib/ft3 (9.6 kg/m?) in accordance with AWPA Standard U1 to the ) o‘lse a e
requirements of Use Category 4A (UC4A). Timber Rail oATE:
(2) Wood shall be cut, drilled, and completely fabricated prior to Back Side Configuration 11/18/2018
treatment with preservative. Drain excess chemicals and dry all —
treated wood ot the place of manufacture. . . Bill of Materials Ny
(3) Al field cuts, bore holes, and damages shall be trected with Midwest Roadside D
material acceptable to the engineer prior to installotion. Sofety Fcciiity DWG. HAME SCALE: None [REV. BY:
(4) Provide preservative treated timber products per Spec. 3491. MHNW—FindlSet_R3 WIS o [rmm] LK /L) /

Figure 116. Bill of Materials, Back-Side Noise Wall
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lﬁy QrY. Description Material Specification Treatment Specification Hcgrud?:‘gre
f1 2 |BCT Anchor Cable - - FCAO1
f2 2 |8"xB"x5/8" [203x203x16] Anchor Bearing Flate ASTM A36 ASTM A123 FPBO1
9
f3 | 2 [4.3/8" [60] O.D. x 127 [305] Long BCT Post ASTM AS3 Gr. B Schedule 40 ASTM A123 -
1 1/4"-7 UNC [M30x3.5], 14" [356] Long Dome Bolt — ASTM_A307 Gr. A or equivalent ASTM A153 or_B695 Class 55 or
gi* | 48 Hecd/ Bolt and Jut ] [395] Leng Nut = ASTM A563A or equivalent F2329 FBB09a
3/4"—10 UNC [M20x2.5], 18" [457] Long Dorme
g2 | 24 BB e, M20e-Sk 18 Lerl, key Shope ASTM A307 Gr. A or equivalent ASTM A153 or BSOS Class 35 or | rggo8a
in Center Region or Flattened Sides
g3 | 969 |16D Ring Shank Nail - - -
g4 [408[No B x 2 1727 [64] Long Bugle Heod Exterior - ASTM A153 or BB95 Class 55 -
g5 | 36 [1/2" [13] Dia. Round Plate Washer ASTM F844 ASTM A123 or A153 or F2329 -
96 | 38 éégg—golct:on Thread [M14x4], 3" [76] Long Hex ASTM A307 Gr. A or equivalent ASTM A153 or!__28§32995 Closs 55 or _
g7 | 24 [3/4"—10 UNC [M20x2.5] Drop—In Concrete Anchor Hilti ltem No. 258541 or similiar Zinc—Plated or Galvanized -
" Galvanize per spec. 3392 or
g8 72 |[1/2"-6 Coil Thread [M14x4] Concrete Anchor As Supplied electroplate pjgr AS”TM BB33 SC4 -
ype
g9 48 |1 1/4” [32] Dio. Plain Round Washer ASTM F844 ASTM A123 or A153 or F2329 FWC30a

*Anchor plate bolts can have fins or lugs. Splice bolts should not have lugs or fins.

Note: (1) Hilti Item No. 258541 (Part g7) is not compatible with hot—dipped galvanized bolts. Recommend
using inserts and bolts thot are both zinc—plated or both galvanized se that thread paotterns are compatible.

MNDOT Noise Wall
Timber Rail
Back Side Configuration

Midwest Roadside
Safety Facility

Bill of Materials

DWG. NAME.
MNNW—FinalSet_R3

SCALE: None
UNITS:  in.[rmm] [JEK/ELU,
froenl| /20

Figure 117. Bill of Materials, Back-Side Noise Wall (continued)
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L 1 1
|—- 1 25"[3200]-4.— ! 92(';[\(4%77]__1
L

PLAN VIEW

89'-0"[27127]

|.— 174”4420 ]—-1

95;%\2’;.;8 ]_I

1207 3048] |-
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| HIH %

_l- P ¥ [T 17 LY
1" X

| | % = f: o )
11 + 1%

o )
L

11 10 9 8 7 6 5 4 3 2 1
f~_ B @ B_ @ 8 @ (@) n___§8Y )
5

i =
— = Ground

30-[762]J 96"[2438]
@ @ \@ @ @)
12"[3051—1 L__

ELEVATION VIEW

Notes: (1) Post nos. 1 and 12 (c1) have ¢2 1/2" [64] through hole necr

groundline.

A HE ) N HEF %
Line
' NS
: (@2 3
1
| »G Splice Plate
Assembly
R SHEET.
MNDOT Noise Wall 1ot 18
Timber Rail TATE
Front Side Configuration 11/18/2010
DRAWN BY:
. . Final Details
Midwest Roadside o=
Sufety Fqcility WG NAWE. SEALE 7120 [REV. BY:
MNNW—FrantSideFinal_R2 UNITS: [ ] [ELU /JDS

Figure 118. Final Details, Front-Side Noise Wall

6T-96E-£0-dY.L "ON Hoday 4SHMW

6102 ‘1€ Arenuer



GGT

Anchor Plate Assembly

o on Backside of Rail

e3 el

1]
i

[rar— N PR

e A i 4

. oo o

1 . Il Il

1 I |, R i o fegyen i
|

O :i - L
4N \

a'9 g2 gl

/ LN
T ee L ¢l
Ikl
\ | i
| 11
| " 1
_________ ; T
|
|
D I e]ee
I o0
el (2
INRi
Anchor Cable / 1
Assembly
f3
DETAIL B
SCALE 1:20

Notes: (1) Reinforcing bars in concrete post (part ¢1) not
shown.
(2) Part e5 used only on back side of post nos. 1 and
12, and on both sides of post nos. 2 and 11.
(3) Hidden lines shown for only g2 bolts and g10
washers in Details C and D.

MNDOT Neise Wall
Timber Rail
Front Side Configuration

Rail Section Details

Midwest Roadside
Safety Facility

DWG. NAME.
MNN#W—FrontSideFinal_R2

SCALE: %15
UNTS: in[mm]|ELU /DS

Figure 119.

Rail Section Details, Front-Side Noise Wall
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|| — M
h ol .. . I
— =)
—" . | . I 10 3/4"[273]
. ’ . . Anchor Plate i a2
—,.._'_, /.l\ /_ Assembly
Hae Yoo oo s I
k ® Joo oo @ 1
- =
C . Anchor Cable H
= . 4 Assembly round L
L a_as1-102) =ine \.
N 7 A .
B . s 7= @
Post No. 9 Post No. 8 Post No. 12
SECTION E-E SECTION F—F SECTION G-G
Notes: (1) Wall components hidden in Section F—F for clarity.

(2

(3)
(4)

Batten (part e4) and batten screws (part g4) hidden on post
nos. 8 and 12 to show plank—to—vertical nailer attochment nailing
pattern.

No more than 2/3 of panel splices maoy occur at one location.
Alternate parts e2 and e3 on upstream and downstream ends of
front wall to create panel splice configuration described in note 3.

Midwest Roadside
Safety Facility

R [SHEET:
MNDOT Noise Wall 3 of 18
Timber Rail DATE:
Front Side Configuration |/
DRAWN BY:
Noise Wall Details 04K/

DWG. NAME.
MNNW=FrontSideFinal_R2

SCALE: 1:30 [REV. BY:
UNITS: in.[mm][ELU/IDS

Figure 120.

Noise Wall Details, Front-Side Noise Wall
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DETAIL H

Notes: (1) Rail segments (part 02) and batten (part e4) hidden in both detail views.
(2) Use two nails (part g3) per wall board (parts e2 and e3) attachment
location where the rail atteches to posts.
(3) Screws (part g4) not used on the front of the wall where the rail attaches
to posts.

DETAIL |

E\@
T

MNDOT Noise Wall
Timber Rail

Midwest Roadside
Safety Facility

Front Side Configuration

Post Attachment Nailing Pattern

SHEET:
4 of 18

DATE:
11/19/2018

DRAWN BY:
JDJ/JEK,
o E

DWG. NAME,
MNNW-—FrontSideFinal_R2

SCALE: 1:5
UNITS: in.[mm]

REV. BY:
ELU/JDS

Figure 121. Post Attachment Nailing Pattern, Front-Side Noise Wall
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7/16"[11]—

10 5/8"[270]

4 9/16“[115]—'——-

PLAN

VIEW

?{8"x2” g22x51] THRU
L1 2 1/4"x3 3/8" [57x86]
¥ 5/8” [16] Slot (TYP)

—3 1/2"89]

7/16"11]1-

22 3/16"[564]
2 7/8"73]

APPLIES TO ALL

13 1/27[343)

4 1/2"114]—

Note:

I SPLICE ENDS
5{ i 19— i -
4 1/2"[114] | ?6 1/2"(165] 4 1/2"[114] ® ? ? 10" 254
f -o—t 1—@-1- -6 [254]
@1 5/16"[33] THRU J
L @2"[51 5"127] 4 1/2"114] 3 1/2"[89)]
T1/87[3] (TYP) ‘ 7"178]
7 7/16"188] ?1 5({\(12)'[33] 12"[305]
56 1/4"[1429] 14 1/4"362]
125 5/8”[3191]

ELEVATION VIEW
Part a1

(1) Slots in all rail segments must be countersunk to a diameter of
2 1/4” [57], a length of 3 3/8" [86]. and a depth of 5/8" [16].

- 5/16" [8] CHAMFER

s

MNDOT Noise Wall

SHEET:
5 of 18

Timber Rail
Front Side Configuration

Timber Rail Downstream

Midwest Roadside
Safety Facility

Segment

DATE:
11/19/2018)

DRAWN BY:

s

DWG. NAME.
MNNW=FrontSideFinal_R2

SCALE: 1:20 Iﬁv‘ BY:

UNITS: in.[mm]|ELU/JDS

Figure 122.

Timber Rail Downstream Segment, Front-Side Noise Wall

6T-96E-£0-dY.L "ON Hoday 4SHMW

6102 ‘1€ Arenuer



69T

7/16" 11—

: f| [ h!'!

10 5/8"[270] i inn

Iyl iyl
: H it
7/16"11]—
PLAN VIEW
5/16" [8] CHAMFER
APPLIES TO ALL
SPLICE ENDS
70 3/16"[1783)—— 22 3/16"[564]
3 1/2"[89)— 4 1/2"[114])— T? 7/8773] 2 7/8"[731—|- —3 1/2"89]
t -9 . | é o-9
13 1/2"[343] 6 1/27[165] b 4 12T = 4 1/27114 o
' M / i 6 1/2"[165]
71178] AL 4 1/27114] IE
. @7/8"x2" [22x51] THRU .
12°7305] L12 1/4"%3 3/8" [57x86] 127(305]
14 1/4"[362] ¥5/8" [16] SLOT (TYP) 14 1/4"[(362]
191 1/4"[4858)
ELEVATION VIEW
Part a2
X S
MNDOT Noise Wall 6 of 12
Timber Rail DATE:
Front Side Configuration n/ssaee
T Rail DRAWN BY:
. . imber il /.
Midwest Roadside - i
DWG. NAME. SCALE: 1:30 [REV. BY:

Safety Facility

MNNW—FrontSideFinal_R2

UNITS: in.[mm]|ELU/JDS

Figure 123. Timber Rail, Front-Side Noise Wall
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7/16"11]—
| 11 ||
T i I T f
T i wo il |10 5/87270)
I I Ll |
i i 1 *
7/16"11]—
PLAN VIEW
5/16" [8] CHAMFER
APPLIES TO ALL #1556 THRU
SPLICE ENDS 70 3/1671783]—— Seafon) wv/e 4 9/16116]
3 1/2"[89]— @1 5/16"[33] 2 7/8"(73) 2 7/8"[73]
/2189] (YP) 4 1/2"114]—
—4 1/2"[114]
13 1/2"[343] 6 1/27165) T_" 4 1/5”[114‘]'3’| 6 1/2"[155]0_?, @
] 1
L1 é-e '{—? _*_._Q_L @
7"[178 @7/8"x2"” [22x51] THRU _/ T_ " i N
[178] 12 1743 3/8" [57x86] 3 1/2"[89] 4 1/2"114]
12[305] ¥5/8" [16] SLOT (TYP) 5"127) 56 1/2"[1435]
14 1/4"[362]
173 5/8"4410]
ELEVATION VIEW
Part a3
SReer |
MNDOT Noise Wall M
Timber Rail ATE:
Front Side Configuration /s
DRAWN BY:
. . Timber Rail Upst End /
Midwest Roadside| seament " " i
Safety Facility [™ ™= SO 725 R B
MNNW—FrantSideFincl_R2 UNITS: in.[mm] [ELU/JDS

Figure 124. Timber Rail Upstream End Segment, Front-Side Noise Wall

6T-96E-£0-dY.L "ON Hoday 4SHMW

6102 ‘1€ Arenuer



197

1 1/2"38]

|—~4"[ 102 ]—

:) | O 4"[1{02]
E70xx :ﬁ Eg% _< :.

O O«

]
o

I’i‘;—-
—3

©

o

|

N

10 1/27(267)

:

LA

A

9"[229]

ELEVATION VIEW

1/4" [8]
1/4" [6]

E70xx

178l 3/8"10]
r

f

PLAN VIEW

1/4"[5]—-“— —”——1/4"[5]

O -——'—3 3/4795]

[ I I I I ]

1/4" [6]
\%B—( E70xx

PROFILE VIEW
ISHEET:
MNDOT Noise Wall 8 of 18
Timber Rail ATE:
Front Side Configuration |/
A h pl t A bl DRAWN BY:
. . nchor ate sSsem
Midwest Roadside y By

MNNW—FrantSideFinel_R2 UNITS: in.[mm]|ELU/JDS

Safety Facility [™ ™ SOHE 75 Fw. &

Figure 125. Anchor Plate Assembly, Front-Side Noise Wall

6T-96E-£0-dY.L "ON Hoday 4SHMW

6102 ‘1€ Arenuer



4}

/87110]
l_3

3"76]
PLAN VIEW
10 1/2"[267] ] ?1 ?#;5)[33] L—-‘S"PS]—-I
PLAN VIEW
S——4 s
———— ™
‘
>Ti27] 912291 ELEVATION VIEW
' d} Part b2
2"[51] —3"[76]—
1/2713
l 727113] 1 1/2"(38]
2"[51]
¥
b8 1/2"[216]— T 11/2"38]
3n[76] @——L
ELEVATION VIEW l
Part b1 [y 5/16"[33]
ELEVATION VIEW PROFILE VIEW
Part b3
MNDOT Noise Wall o
Timber Rail ATE:
Front Side Configuration /s
. ¥ Cable Anchor Plate Components ::ZZKT
Midwest Roadside o
Safety Facility |™ ™= T
MNNW—FrantSideFinal_R2 UNITS: in.[mm]|ELU/JDS

Figure 126. Cable Anchor Plate Components, Front-Side Noise Wall
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Figure 127. Concrete Post Details, Front-Side Noise Wall
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Figure 128. Concrete Post Reinforcement, Front-Side Noise Wall
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Figure 129. Splice Plate Details, Front-Side Noise Wall
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Figure 130. Noise Wall Components, Front-Side Noise Wall
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Figure 131. Wood Plank Details, Front-Side Noise Wall
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Figure 132.

BCT Anchor Cable Assembly Details, Front-Side Noise Wall
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1 1/4"=7 UNC [M30x3.5]—/
,L 12 1/47[311) BB
Part g1
18”457 | p1 3/8"[35]
"2..[51] Part g9
3/4"=10 UNC [M?_oxz.s]—/
1/8"4
Part g2 ®27[51] ‘H. /8T
@13/16"[21
$2"[51] —-”——1/8"[3] # nin
1/2"-6 Coil Thread [M14x4]
& - @:ﬁ Part 910
—| TBD ’—
29/16"14] [~—TBD
Part g5 Part g6
Note: (1) Bolt and threcd lengths for pert g6 to be determined
after post is fabricated.
’——3 1/2"[89] -|2 1/2"[54][»
R [SHEET:
MNDQOT Noise Wall 16 of 18
Timber Rail DATE:
Part g3 Part g4 Front Side Configuration |/
DRAWN BY:
Note: (1) Dome head bolts may have a flat head key in center region, key shapes in | Midwest Roadside Hardware - jaad
the heads, or flattened sides sufficient for an open—ended wrench. Safety Focility DWG. NAME. SCALE: 13 |REV. Br:
MNNW—FrontSideFinol _R2 UNITS: ‘n,[mm]lZLu/.JDS

Figure 133. Hardware, Front-Side Noise Wall
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NEe(T Qry. Description Material Specification Treatment Specification H%’Si\:/jgre
125 5/8"x13 1/2"x10 3/4" [3,191x343x273 GLULAM — Comb. 48(SP) or Comb. 2(Western
ot 1 Timber/RoiI End Section /401 : sp(ec,'gs ( See Notes 1-3 -
191 1/4"x13 1/2"x10 3/4" [4,858x343x273 GLULAM — Comb. 48(SP) or Comb. 2(Western
a2 | 4 Timber/RoiI Sect/ion /4" [ ] sp(eck):s ( See Notes 1-3 -
173 5/8"x13 1/2"x10 3/4" [4,410x343x273 GLULAM — Comb. 48(SP) or Comb. 2(Western
a3 | 1 [R5 /813 /2 x10 3/47 1 ] sp(ecie):s ( See Notes 1-3 -
04 | 2 [13 1/2"x9"x6” [343x229x152] Wood Blockout GLULAM: — Comb. 48(SF) jor Comb. 2(Western See Notes 1-3 -
b1 2 [10 1/2"x9"x3/8" [229x267x10] Steel Plate ASTM A36 ASTM A123** -
b2 4 |3"x3"x1/4” [76x76x6] Steel Gusset ASTM A36 ASTM A123** -
b3 | 2 |3"x3"x1/2" [76x76x13] Steel Plate ASTM A36 ASTM A123% -
o1 12 E’g;)t(m“ [305x457], 18" [5,486] Long Concrete Min. fc = 4,000 ksi [27.6 MPa] _ _
c2 |156[3/8" [10] Dia., 53" [1,346] Long Rebar ASTM A615 Gr. 60 Epoxy °°°*e§9§§§m A775 or -
c3* | 48 |1/2” [13] Dic., 210" [5,334] Long Rebar ASTM A615 Gr. 60 Epoxy Coated, (ASTM A775 or -
2" [13] Dia, 7—Wire Pre—Stressing Strand, 216"
or | 48 [1{%g Llong 9 ASTM A416 Gr. 270 - -
d1 | 10 [29 1/4"x13 1/2"x3/8" [743x343x10] Steel Plate ASTM A36 ASTM A123% -
d2 | 5 |13 1/2"x10"x3/8" [343x254x10] Steel Plate ASTM A36 ASTM A123** -
SYP Gr. No. ‘IDDenlse OF': b(itterh s&ond?rd rough
naom , . sawn_or Douglgs Fir—Larch No. 1 or
el |14 ﬁcﬁ? [76x254], 10" [3,048] Long Vertical Wood Douglas FireLarch’ (North) Select Structural or See Note 4 -
e Douglas Fir—South Select Structural or equivalent
with min F'b = 1,200 psi [8.3 MP<:]J
2"x8” [51x203], 8 [2,438] Long Tongue and . SYP Gr. Select Structural .
e2 51 Douglas Fir—Larch Select Structural or equivalent See Note 4 -
Broove! Wood. Pk SWith min Fb = 1,500 psi [10.3 MPo
n_on , YP Gr. Select Structural
2"x8" [51x203], 16’ [4,877] Long Tongue and .S .
el |68 1 4 Douglas Fir—Larch Select Structural or equjvalent See Note 4 -
Groove Wood Flank FWith min Fb = 1,500 psi [10.3 MPa]
- R SYP Gr. Select_ Structural
e4 | 14 [2"x8" [51x203], 10" [3,048] Long Wood Batten Douglas Fir—Larch Select Structural or equivalent See Note 4 -
with min F'b = 1,500 psi [10.3 MPa]
- s SYP Gr. Select Structural
e5 6 [2"x4” [51x102], 10" [3,048] Long Wood Plank Douglas Fir—Larch Select Structural or equivalent See Note 4 -
With min Fb = 1500 psi [10.3 MPa]
*Use either part ¢3 or c4. ** Weld before galvanization.
Notes: (1) Timber rail sections and blockouts shall be treated with
entachlorophenol (PCP—A) in heavy oil to a minimum net retention of 0.6 . [SHEET:
P P (. ) i v o " on @ MNDOT Noise Wall 7ot 18
Ib/ft3 (9.6 kg/m3) in accordance with AWPA Standard U1 to the requirements| ) .
Use Category 4A (UC4A). Timber Rail DATE:
(2) Wood shall be cut, drilled, and completely fabricated prior to Front Side Configurotion 11/19/2018
treatment with preservative. Drain excess chemicals and dry all treated
wood at the place of manufacture. . . Bill of Materials
(3) All field cuts, bore holes, and damages shall be treated with material Midwest ROG.(!SIde .
acceptable to the engineer prior to installation. Sqfety Fqc|||ty DHC. NAVE. -
(4) Provide preservative treated timber products per Spec. 3491. MANHi=FrontSideFinal _R2

Figure 134. Bill of Materials, Front-Side Noise Wall
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Safety Facility

'}fg‘ QrY. Description Material Specification Treatment Specification Hcé'gi\:ngre
1 2 |BCT Anchor Cable - - FCAO1
f2 2 |8"x8"x5/8" [203x203x16] Anchor Bearing Plate ASTM A36 ASTM A123 FPBO1
3 | 2 [4.3/8 [60] 0.0. x 127 [305] Long BCT Post ASTM AS53 Gr. B Schedule 40 ASTM A123 -
* 1 1/4"—7 UNC [M30x3.5], 12 1/4" [311] Lon Bolt — ASTM_A307 Gr. A or Equjvalent ASTM A153 or_B695 Class 55 or
ot | 48 (5, 14T UNC, M0 5] /4" [311] Long NUE —ASTM AS83A or Equivalent F2329 FBEO9a
3/4"—10 UNC [M20x2.5], 18" [457] Long Hex . ASTM A153 or_B69%5 Class 55 or
g2 | 24 340 UNC [ ] [457] Long ASTM A307 Gr. A or Equivalent 2e9% FBX20c
g3 |1192|18D Ring Shank Nail - - -
g4 |436|No. 8 x 2 1727 [64] Long Bugle Head Exterior - ASTM A153 or B695 Class 55 -
g5 | 42 |1/2" [13] Dia. Round Plate Washer ASTM F844 ASTM A123 or A153 or F2329 -
1/2”—8 Coil Thread [M14x4], 3" [76] Long Hex : ASTM A153 or BB95 Class 55 or
g6 | 42 /2,78 Co [M14x4], 37 [76] Long ASTM A307 Gr. A or Equivalent AT -
g7 | 24 |3/4”-10 UNC [M20x2.5] Drop—In Concrete Anchor Hilt Item No. 258541 or Similar Zinc—Plated or Galvanized -
Galvanize per spec. 3392 or
g8 | 72 |1/2"-6 Coil Thread [M14x4] Concrete Anchor As Supplied electroplate r|>3Ter A%i.JrM B633 SC4 -
ype
g9 | 48 |1 1/4” [32] Dia. Plain Round Washer ASTM F844 ASTM A123 or A153 or F2329 FWC30a
g10 | 24 [3/4" [19] Dia. Plain Round Washer ASTM FB44 ASTM A123 or A153 or F2329 FWC20a
*Anchor plate bolts can have fins or lugs. Splice bolts should not have lugs or fins.
Note: Hilti ltem No. 258541 (port g7) is not compatible with hot—dipped galvanized bolts.
Recommend using inserts and belts that are both zinc—ploted or both galvanized so
that thread patterns are compatible.
R SHEET:
MNDQOT Noise Wall 18 of 18
Timber Rail DATE:
Front Side Configuration |/
B f DRAWN BY:
. . il of Materials
Midwest Roadside B <

DWG. NAME.
MNNW=FrontSideFinal_R2

SCALE: 1:256 |REV. BY:
JUNITS: in.[mm]|ELU /DS

Figure 135. Bill of Materials, Front-Side Noise Wall (continued)
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LARGEST POST DIMENSION
IN THIS DIRECTION

SEE DETAIL B

‘E\— 2" x B" NOMINAL

BATTEN (TYP.) |

@

TYP, SPLICE DETAIL. ALTERNATE

/L-— PLANK SPLICES. SEE DETAIL
OPTION 1 OR 2 FOR

PATTERN. REFER TO STANDARD

c
NAILING

o

B
8| «f l /
~ : 5
)+
2|
g |
B
- i
[ 3
iz [
38 |
22 .
& 9
z I .
w 9
a
= 5
L L
§ 1 M 91
\
I 1 !
[ 2"x 8" NewNAA GROUND
2|2 BATTEN ( TYP.) LINE
Z13
=l 3" X 8" STANDARD
o3 ROUGH SAWN. REFER
TO STANDARD FIGURE
5-297.661 (2 OF 3)
L BATTEN
DETAIL
STEP DETAIL
FRONT ELEVATION ®
POST BATTENS NOT SHOWN
REVISION:

STATE GRIJGE ENGDEER

FIGURE 5-297.661 (3 OF 3)FOR

ADDITIONAL PLANK SPLICE
LOCATION OPTIONS.

SEE DETAIL D
FOR NAILING PATTERN

SEE DETAIL B

8'0" MAX. POST SPACING { TYP.)

WOOD PLANKING

2" x 8" NOMINAL
BATTEN (TYP.) NOTES:
WALL TYPES WITH SUFFIX "A" (SUCH AS 1A, 2A) ARE
DESIGNED TO ALLOW WATER TO FLOW UNDER THE WALL.
REFER TO NOTE(8)FOR ADDITIONAL REQUIREMENTS.
PROVIDE PRESERVATIVE TREATED TIMBER PRODUCTS
PER SPEC. 3491,
GALVANIZE NAILS PER SPEC. 3392, NAILING
REQUIREMENTS SHOWN ARE BASED ON FULL HEAD NAILS
AND ENTIRE LENGTH OF SHANK RINGED.
@ SEE CONSTRUCTION PLAN FOR REQUIRED WALL TYPE.
@ USE WALL TYPE NO. 2 AND 2A IN NON-FILL CONDITIONS
ONLY.

WooD
PLANKING
POST

@ USE THE POST SIZE AND EMBEDMENT FOR THE HIGHER
WALL SECTION AT THE STEP.

@ SEE SPECIAL PROVISIONS FOR ADDITIONAL INFORMATION

‘ [—LARGEST POST DIMENSION IN THIS DIRECTION

REGARDING SCREWS AND NAILS.

@ REFER TO STANDARD FIGURE 5-297.661 (3 OF 3) FOR
ADDITIONAL DETAILS REGARDING OPTIONAL PLANK
SPLICE LOCATIONS.

v x g
NOMINAL BATTEN (TYP.)

® FURNISH & INSTALL GALVANIZED COIL_ THREAD ANCHORS
ON ALTERNATE £ G. M
FACTORED PULL 0UT OF 2.5 KIPS. PER-ANCHOR.
COMPLETELY FILL UNUSED ANCHORS WITH A MnDOT

|

4'0" TYPICAL 4'0" TYPICAL APPROVED/QUALIFIED PRODUCT PER 3722, SILICONE
JOINT SEALANT.
FILL SIDE (@) PREFERRED LAYOUT IS 5-7 POSTS SPACES.
® FOR WAL, TYPE IAUAND 2L 0T 38 X e PG
WALL TYPE NO. 1 AND 1A ©@® BASE OF WALL AND LEAVE A 2" TO 4" AIRSPACE
BETWEEN GROUND.AND.BOTTOM 21 X 5% PLANK.

8' 0" MAX. POST SPACING ( TYP.)

4' 0" TYPICAL

4'0" TYPICAL

TRAFFIC SIDE
WALL TYPE NO. 2 AND 2A00@®

STAGCER NAIL FROM PLANKING GRAIN (TYP.)

STAGGER NATL FROI

ET

OM p—
VERTICAL NAILER GRAIN (TYI :._

LEVEL DETAIL

BELOW GROUND. (8)

0.131" MIN. DIA. X 3"
RING SHANK

GALVANIZEZD NAILS.

MIN. DIA. X 3 172"

|
|
|
|
|
|
|

LA
J Ayt
& | & jrLankinG conTivuOUs
. ACROSS POST
) | ’\( 1" MIN., 2" MAX.CLEAR >)
[* oL LTF v rRom A EDGES)‘%;—
e i
* t PLANKING JOINT t
L {-_ : & L AT POST =
L]
\ \—i

\-
|

OPTION 2

0.131" . DIA.
RING SHANK
A GALVANIZED NAILS.

1" MIN., 2" MAX.CLEAR —L—u——

3 172" LONG NAILS

2''X 8" NOMINAL
[ BATTEN (TYP)

|
[ 2
P . <:‘ NO.B X 2 1/2" LONG GALY.
SUGLE HEAD EXTERIGR SCREWS
PLANKING ——7 A 2 PER PLANK (TYP.)
-
g i
e 1k ‘tv' MIN., 2" MAX. CLEAR
(TYP. FROM ALL EDGES)

\
1" MIN., 2" MAX. CLEAR Al—l-

(TYP.FROM ALL EDGES)
DETAIL E ®
FASTENFR PATTERN FOR BATTENS

STAGGER NAIL FROM

VERTICAL NAILER GCRAIN (TYP.)

PLANKING CONTINUQUS

v
PLANKING JOINT ‘
AT POST ‘

.

[ GROUND LINE

1" MIN., 2" MAX. CLEAR
{TYP.FROM ALL EDGES)

e 0.177" MIN.DIA. X 4 172"
‘ LONG RING SHANK
ACROSS POST GALVANIZED NAILS.

1" MIN., 2" MAX. CLEAR
(TYP, FROM ALL EDGES)
DETAIL D ®

NAILING PATTERN FOR PLANK TO VERTICAL NAILER - BELOW GROUND

—=l
(TYP. FROM ALL EDGES)
OPTION 1
3" LONG NAILS
DETAIL C®
NALLING PATTERN FOR PLANK TO VERTICAL NAILER - ABOVE GROUND
’\un,,’
g %
\ =
.‘3'
7 op ¥

STATE DESIGN ENGINEER

REVISED:

APPROVED:

2-16-2016

WOOD PLANKING NOISE WALL
WITH CONCRETE POSTS

STANDARD PLAN 5-297.661

1 0F 3

Figure A-1. Wood Planking Noise Wall with Concrete Posts
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USE 1/2" DIA. HEX HEAD BOLT WITH 2" 0.. X 1/8" POST EMBEDMENT TABLE
WASHER OR FLAT HEAD CAP SCREW WITH MIN.1" DIA. HEAD. =
GALVANIZE PER SPEC. 3392. COUNTERSINK TO FLUSH FIT. FILL HEIGHT W = 1 FT. MAXIMUM
wy " POST EMBEDMENT ()
H SHEAR
L °5T_‘ fnost= waLL | POST ROST | Renne. | STIRRUP | PRE< e oe T " 7
HEIGHT BARS | SPACING
13" MAX, i et | (F1 | (N | G (o (D] STRANDS | GROUND [ SLOPE | SLOPE | SLOPE
3" X 10" STANDARD ROUGH SAWN FLANK 4 N0 4 o7 70| 8on
SEE TABLE FOR SHEAR 4 NO. 4 ‘on] 7o ] 8o
SEE TABLE FOR SHEAR - o 8o 9 0"
STIRRUP SPACING. I STIRRURGSFACING: 2 :g" o 8o 5 0"
- o | 2" cLear (TYPY COIL THREAD R COIL THREAD CONCRETE = o[ B o] 9 o
A CONCRETE ANCHORS (D) = ANCHORS, FOR FASTENERS, T 4 :g' on} sonl 808 DESIGN CRITERIA:
WHEN 6 BARS ARE 2% CLEAR ADJUST TO MISS STRANDS.(D No- o T 50 10 o™ 2012 AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS,
REQUIRED THESE 2 BARS SEE TABLE FOR STRANDS ND 5 I B D INCLUDING 2013 INTERIMS.
MAY BE OMITTED IN REQUIRED. SEE STRAND o o 10707 10707
SEE TABLE FOR BAR SIZES.| | | UPPER 1/3 OF POST. PLACEMENT DETAILS BELOW. No. T BT BT 2012 NATIONAL DESIGN SPECIFICATION (NDS)
i PLACE ALL BARS TIGHT X rolioror [ 1ron FOR WALL CONSTRUCTION - LRFD
AGAINST SHEAR STIRRUP, 172" CHAMFER OR RADIUS zg- o000 U0 ¢ = 30° (GRANULAR )
2 EQ. SPS. INCLUDING ENDS (TYP.) . orliion iz o ¥ = 110 P.C.F.
POST DIMENSIONS @ 120 xz" No: Lon1I0n L1210 winp LOAD = 19 PSS
[E2) NO. ‘onlironfison Fp = 1500 WOOD PLANKING AND BATTEN.
REINFORCED pHESTRESSED 2 :g- rou J12von 1130y Fp = 1200 P.S.J. ALL OTHER WOOD MEMBERS.
21 NO. I BV FY R POST DESIGN CRITERIA
POST DETAILS = 22 N Mo B TR e @
@ L SOFE 23 No. o[ 13707 [ 1570
24 NO. o140 [ 157 0" 7 OR MORE | 4000 PSI | 6000 PSI
. . & o 5 s oo o
¥
|
. ® NOTES:
D . . . . ﬁ — USE OF THIS STANDARD ASSUMES SOIL TESTS AT MAXIMUM 200 FT.INTERVALS AT EACH SITE AND SOILS
ENGINEER REVIEWED RESULTS AND CONCURS WITH USE OF THIS STANDARD.
NO. STRANDS: 4 § 8 T 3 10 POST EMBEOMENT DEPTH IS BASED ON THE WATER TABLE BEING BELOW THE BOTTOM OF EACH POST, OTHER
18" CONDITIONS REQUIRE A SPECIAL DESIGN.
STRAND PLACEMENT DETAILS REFER TO SPECIAL PROVISIONS FOR ADDITIONAL INFORMATION.
TOP OF POST FOR SLOPES BETWEEN THOSE SHOWN, USE THE POST EMBEDMENT FOR THE STEEPER SLOPE OR USE
INTERPOLATION.
n & ians NONIAL FOR SLOPES 1 (V1:6(Hh) OR FLATTER, USE POST EMBEDMENT SHOWN FOR LEVEL GROLND.
> P REFER TO SPECIAL PROVISIONS FOR REINFORCEMENT OF POSTS LOCATED WITHIN 20 FT.OF THE
A 2" X 8" OR OUTSIDE EDGE OF A ROADWAY SHOLLDER AND POSTS SUPPORTING GLUE LAMINATED RUB RAIL (STANDARD
22X 66O, FICURE 5-297.676), FABRICATOR TO IDENTIFY THESE POSTS WITH PERMANENT MARK ON BOTTOM OF POST.
© nggU%L:NESR A FOR CONCRETE POSTS WITH THE SAME LENGTH, USE THE LARGEST NUMBER OF PRESTRESSED STRANDS
i e A Z OR REBARS REQUIRED FOR THAT POST LENGTH. USE MIX 3WB2 FOR ALL POSTS,REFER TO SPEC.2462 FOR
ADDITIONAL REQUIREMENTS.
H BATTEN (TYP.) 5 28
H 3 5|5 =i USE_A_MIN. OF 4, %" DIA. (AREA = 0.53 5Q.IN.) LON-RELAXATION PRESTRESSED STEEL STRANDS PER
2 [e— 2" X 8"OR 2" X 6" NOM. == 2|2 | CQUIp—see verticaL waEr spLice pETAL SPEC, 3348, WITH 270 KSI ULTIMATE STRENGTH, INITIAL PRESTRESS = 30,500 LBS. PER STRAND.
TONGUE & GROOVE WOOD PLANKS m El ON STANDARD FIGURE 5-297.661 (1 OF 3} CUT STRANDS FLUSH WITH CONCRETE. COVER ENDS WITH SEALANT PER APPROVED PRODUCTS LIST
J =4I| ABOVE GROUND ({0) ~ =g VBRIDGE - PRESTRESSED BEAMS - CUT STRAND SEALANT."
. 2 °(3 ST ST ADRRTRODGh. USE EPOXY COATED GRADE 60 REINFORCING BARS PER SPEC. 3301
3 Y SEE VERTICAL NAILER SPLICE DETAIL = SAWN PLANKS BELOW GROUND POST EMBEDMENT DEPTH IN THE TABLE IS BASED ON A 3 FT.MIN.BERM IN FRONT OF THE WALL.
o 7IE ON. STANDARD, FICURE. 5 29.c6L1. OF:8) 3 ONFLL SBEQ)@. WHEN THE CURB LINE IS CLOSER THAN 10/):2(H) SLOPE. A SPECIAL DESIGN IS REQUIRED.
84 310% NN, EDGE OF CURB = X 45" LONG RING 8."( : (3) MINIMUM CONCRETE STRENGTH AT TIME OF PRESTRESS TRANSFER.
Zlg OR OUTSIDE EDGE = GALVANIZED NAILS.(9) (4) MIN. CONCRETE STRENGTH AT WHICH THE POST CAN BE TRANSPORTED AND PLACED.
EE 30" MIN. BERM (D OF PAVEMENT 0 _X (5) SEE POST EMBEOMENT TABLES FOR MAXIMUM SLOPE.
5 :22‘4‘%3}*@:&5 T H ® SEE SPEC, 3491 FOR ADDITIONAL PRESERVATIVE TREATMENT REQUIREMENTS FOR LUMBER PLACED
(=2 |
“ : : (7) PLACE COIL THREAD ANCHORS ON ALTERNATE SIDES OF POST FACE CENTERLINE. MINIMUM FACTORED
L & iy 7 o ! PULL OUT OF 2.5 KIPS PER ANCHOR. GALVANIZE ANCHORS PER SPEC. 3392 OR ELECTROPLATE PER
EICPER- iy * & 1V : 100 TO | ! 1V) £ 10tH) TO ASTM B633 SC4 TYPE IL COMPLETELY FILL UNUSED ANCHORS WITH A MnDOT APPROVED/QUALIFIED
g oy= & 1V): B(HY SLOPE | ! 1) ¢ 6 SLOPE PRODUCT PER 3372, SILICONE JOINT SEALANT.
RIES “TH Z 8 AWAY. EROMLFALL. | { Y M L FOR WALL TYPE 1A AND 24, OMIT 3! X 6' PLAMKING AT BASE OF WALL AND LEAVE A 2! TO 4*
5 SLOPE hL | Py =] 7 S R STANGARG Bel i =i FOR DRAINAGE | ! AIRSPACE BETWEEN GROUND AND BOTTOM 2" X 8" PLA
Il 2" PLANKS BELOW GROUND ON 3'0" MIN.BERM | ! 310% MIN.BERM (9 USE NO.3 BARS FOR SHEAR STIRRUPS.PLACE FIRST STIRRUP 3" FROM EACH END.
- ron 1
z : | EI;.‘,L'SIhD‘iI:N(QD.uF;S';EI:/;IT&NG \ (0 REFER TO STANDARD FIGURE 5-237.661 (1 OF 3)FOR NAILING PATTERN.
= | LATT L DIA. L - "
- (D) MINIMUM CENTER-TO-CENTER SPACING OF 6", NITH INTERMEDIATE STRANDS PLACED SYMMETRICALLY
g ©] m) : 16?&?:5{%?5 : | RING SHANK GALVANIZED NAILS.(0) (TYP. FOR ALL CONFIGURATIONS).
= AWAY FROM WALL ; ! (@ MINIMUM CENTER-TO-CENTER SPACING OF 12", WITH INTERMEDIATE STRANDS PLACED SYMMETRICALLY
FOR DRAINAGE i : SECTION AT POST (TYP.FOR ALL CONFIGURATIONS).
| B WITHOUT EARTH FILL @3 NO REINFORCEMENT SPLICES ALLOWED.
Ll WALL TYPE 1,1A,2 OR 2A) @@ 12" MIN,13" MAX.TO ALLOW FOR DRAFT OF FORM.
WES REVISED:
SECTION ‘AT POST A 8-10-2016 WOOD PLANKING NOISE WALL
REVISION: o AT L ey $ s WITH CONCRETE POSTS
) =
APPROVED) rssnwx& 016 (WALL TYPE 1 ONLY) i : { Wﬂ APPROVED:
,, Ziunl. Wl M1 2-16-2016 | STANDARD PLAN 5-297.661 | 2 OF 3
STATE 3RIDGE ENGINEER STATE DESIGN ENGINEER

Figure A-2. Wood Planking Noise Wall with Concrete Posts
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8.T

B8'0" MAX, POST
WOOD PLANK SEACING (T 1EL) 2" x 8" OR 2' x 6" NOMINAL
SPLICE LOCATION TONGUE & GROOVE WOOD PLANKS
T || I / [T
7 NOTES:
T T i | 3 (@ IF THE CONTRACTOR CHOOSES TO USE THIS PLANK SPLICE PATTERN,
11 N 72 71 CONSTRUCT SUCH THAT THE TOP SPLICE DIMENSION IS 1/3 OF THE WALL
T L 7 L HEIGHT (H/3) AS MEASURED FROM THE TOP OF THE WALL. THE BOTTOM
[ (10 SN [ A SPLICE DIMENSION IS 2/3 OF THE WALL HEIGHT (2/3 OF H) AS MEASURED
5t L 157} FROM THE BOTTOM OF THE WALL. NEVER SPLICE MORE THAN 2/3 OF
I I11 1] THE BOARDS AT ANY SINGLE POST LOCATION. REFER TO STANDARD
e Pl AT . FIGURE 5-297.661 (1 OF 3) FOR NAILING PATTERN
- Tt Tt JANIAY
3 I i 1l MR\
B t Ht — y A LY
Wl
E T T | T
= I 1
z 1 T 11 I 1 N w
1 <]
i t it t it ]
= L - i ] 1< %%
H Ht H —Ht =[©
TT T T T 21"
I 1Y
|| 1T 11 | o
y i Pl |
T T T |
<7 T | T3
1 Ht 1 T
i E— L1 1T || AT/ e,
= N I = r
Il | \—snounn | woop PLANK| /| |
Il L LINE | SPLICE LOCATION I
|| | CONCRETE POSTS-/]Ll ||
I T I I
I [ I I -
L L L L S
OPTIONAL PLANK SPLICE LOCATION © 5
AT THE CONTRACTOR'S OPTION, N LIEU OF ALTERNATING PLANK SPLICES AS 3¢ 48 8
SHOWN ON MNDOT STANDARD PLAN SHEET 5-297.661 (1 OF 3) - FRONT ELEVATION, 1.0" by
THE PATTERN SHOWN ADOVE. MAY BE USED. 3c A 3.0
0.7"
PLACE PLYNOOD COVER ON :,
NON-HIGHWAY SIDE OF NOISE WALL i
€ WALL o Lo IDENTIFICATION SIGN
POST A0 40 € WALL
POST _ oux 67 0R 2 X 8" 8" X 12* SIGN WITH 1" RADIUS CORNERS.
NOMINAL PLANKING WHITE LETTERS, RED HYDRANT ON WHITE BACKGROUND FULLY REFLECTORIZED.
'\/\/\/ THE ENGINEER WILL PROVIDE THE NUMBER AND LETTER DESIGNATION FOR EACH
LOCATION. LOCATE SIGN ON HIGHWAY SIDE ADJACENT TO FIRE HOSE ACCESS HOLE.
SIGNS ARE INCIDENTAL.
20 % g
NOMINAL BATTEN
= N 3/4" THICK MARINE GRADE PLYWOOD COVER.
& 3 CORNER NAILED TO NOISE WAl
3| o 4 GALVANIZED COMMON WIRE NAILS
- SIZE 6d (D = 0.113 IN,, L = 2 IN)
i HIGHWAY SIDE NON-HIGHWAY SIDE
GROUND LINE AT BASE OF WALL
SECTION AT
ELEVATION FROM NON-HIGHWAY SIDE ACCESS OPENING
FIRE HOSE ACCESS DETAIL
Eg REVISED:
o "'4 WOOD PLANKING NOISE WALL
TENISION £ ; WITH CONCRETE POSTS
APPROVED; FEBRW&. 2016 i 5 APPROVED:
- S
X
D Wl 2-16-2016 | STANDARD PLAN 5-297.661 | 3 OF 3
STATE GRIOGE EWGDEER F 1 STATE DESIGN ENGINEER

Figure A-3. Wood Planking Noise Wall with Concrete Posts
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6.1

END POST W/ ONE
2-1/2" DIA HOLE NARIARLE
ipaait [ " :
1 ’ AS SPECIFIED IN
A I_#T#-I / NOISEWALL PLAN @ [ HOICER. STRIP
BETAILS) X
BATTEN \:"' [
L [— ran = = [ APPROACH WOOD PLANKS/PLYWOOD PANELS —~f =~ CONCRETE POST
WNSTREAM END POST WITH ONE
s R SECTIoN . [ MaN - [ B8 2-1/2" DIA. STEEL TUBE
z |- SECTION ANCHOR |- [ secTion | sEcTIoN | /secTroN ] LT CROLADLINE SPACER BLOCK
4 PLATE (SEE CONSTRUCTION 9 X8 X 13172
DETAILS)
§1 GLUE LAMINATED RUBRAIL
i Tt T T T Tt Tt Tt Tt !
) ANCHOR | | 11 1zl 11 [ SPLICE | ! It | 1 ANCHORN | | o
1 TR I i1 L fpowo |1 PLATES| I I - J;‘,
|1 CABLE | I i I i I i Nl |1 CABLE 11 J:
() I I 1 i [ 1l Il Il I . a s
= & = - = = - = = = BESIDENTIAL SIDE | @ IRAFFIC SIDE
™A FRONT ELEVATION Piiz
6" 8-3/4"
\ T
AR ELaE e WOOD PLANKS/PLYWOOD PANELS v
SHEET 3 FOR DETAILS) SIDE VIEW
1Ll iyl RAK AR SECTION A-A
I"II"I |"||"| L T Jd
! Wy (I ~
| 216" 16°0" (TRAFFIC SIDE) RAIL SECTION W/ANCHOR PLATE
DOWNSTREAM END Lo
RAIL SECTION A PEAN
p— fam— pan— e p— 2-1/2" DIA. STEEL TUBE
=] == / BCT BEARING PLATE
APPROVED 3/4" DIA, CONCRETE (SEE SH. 3)
< GALVANIZED STEEL ANCHORS 10 WOOD PLANKS/PLYWOOD PANELS
THREADS/INCH. (D
nn THO - 3/4" DIA.X 16" LONG ASTM
SPLICE PLATE (SEE SHEET 3 SPLICE PLATE GRADE 2 DOME HEAD BOLT WITHOUT
FOB! DETAILS? LUGS (NIBBS OR FINS). GALVANIZE
il AR Ml il A8 AR Ll PER_SPEC. 3392. COUNTERSINK ALL
1111 Hat] (T el L o el BOLT HEADS (1/8" - 3/16") EXCEPT
~ [ non Tyt Rty "o non Iyt AT SPLICE PLATES. (7
l 16'0" (TRAFFIC SIDE) MAIN RAIL SECTION (TYP.) 14'6" (TRAFFIC SIDE) APPROACH END RAIL SECTION W/ANCHOR PLATE
o
PLAN
GENERAL LAYOUT (WALL TYPE NO.1 ONLY)
i POST EMBEOMENT PLUS 1'9" TO CENTER OF HOLE
7'9" MIN. (SEE STD. PLAN 5-297.661) GENERAL NOTES:
J T
Zl | b 4 4 4 4 1 4 2 : s 4 4 & 9 THE GLUE LAMINATED RUBRAIL DESIGN SHALL ONLY BE
2| | | | | 1 | ; | | | | I USED WITH A WALL TYPE NO. 1 NOISE WALL SYSTEM
al || | I | | === 1 | | [ | (WITH CONCRETE POSTS AND WOOD PLANKS/PLYWOOD
2-1/8" ) | PANELS).
T_4.5,16.. MIN. 2-1/2" DIA. STEEL TUBE 3
/ VARIABLE NOTES:
7 ( CARE NEEDS TO BE TAKEN WHEN FIELD DRILLING. STEEL REINFORCEMENT SHALL
APPROVED 3/4" DIA, CONCRETE GALVANIZED T REMAIN UNDAMAGED WHEN FIELD DRILLING.
ST AR RIORTREATSANCH 4& BTz N GEE ST0 PN sRree (® CONSTRUCT TYPE NO. 1 NOISE WALL IN ACCORDANCE WITH STANDARD
> SPECIFICATIONS, THE DETAILS SHOWN IN THE PLAN, AND AS DIRECTED BY THE
t £ ENGINEER.
2 @ ALL OTHER CONGRETE POSTS SHALL BE CONSTRUCTED ACCORDING TO STANDARD
g PLAN 5-297.661.
A Jp (@ DOME HEAD BOLTS MAY HAVE A FLAT HEAD KEY IN CENTER REGION, KEY SHAPES IN
o 2-1/2" 01a. STEEL TuBE @ §" MIN. (TO MIDDLE OF POST) THE HEADS, OR FLATTENED SIDES SUFFICIENT FOR AN OPEN-END WRENCH. TIGHTEN
i THE BOLTS SUFFICIENTLY TO REDUCE SNAGGING ON THE HEADS.
END CONCRETE POST CONSTRUCTION DETAILS ® RIS REVISED:
K ‘e GLUE LAMINATED RUBRAIL (CONCRETE POSTS)
s z GENERAL LAYOUT
‘E APPROVED:
” 3 = = s
WP Ve '5-27-2014 | STANDARD PLAN 5-297.678 | 1 OF 3

Figure A-4. Glue Laminated Rubrail (Concrete Posts) — General Layout
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08T

2:0-1/8" /8" X 1-1/4" SLOT
‘ — e T V3 _~1-5/16" DIA, HOLE (TYP.)
E [UEE VN - 5 t{ & @/ .
—o o 6 @ vz . ' & & | B
y u = 7/8" X 1-1/4" SLOT o 5 L =) o @ "
33 4172 Y i kls [
fuc! I @ &2 - ’
—oe o [} ® o—
[ 1-5/16" DIA. HOLE (TYP.) -FS-I/Z” L_ 5| 7 END
! 4-3/8" = VIEW
] T . 1 2-1/4"
341/@-_? T onsar 4-1/2" J-1/4 e - 174" CHAMFER APPLIES TO ALL ENDS
15" 11-1/4"
I
FRONT
3/5“1 FRONT VIEW VIEW
* 17T TT 1T TTTT TTTT 1T . *—3/8"
oo oo (NN i 4 oo 5 1 T T
oo I (R o [N [N » N [N [N !
) [NERE [N (NN (RN NN L] w NI o i
® IR R
st \ TOP VIEW 1
174" CHAMFER TOP 3/8"
RAIL SECTION W/ ANCHOR PLATE VIEY,
DOWNSTREAM END RAIL SECTION
2! 0-1/8"
' 100 110" ;
i Sk 2-1/8" 2
" | "
4-1/2" 7/8 " DIA.HOLE (TYP.)
» 7/8" X 1-1/4" SLOT a ‘ o eo— rreo— &
& ‘' DIA. H YP.) 4-1/72" » ¥
_— 1-5/16" DIA HOLE (T E/ - o N— ikls ot |5 |2
1-3-1/2"
| T
’ LH/Z.. gy T END
[ 15" 11-1/4" | VIEW VIEW
3/8"} FRONT VIEW
TT TT TIT T TTTT T T [l =
f oo (EE) L1 oo K L
tf b I NS IR o 5 31/16"—| I‘L .
* [N [ IBE ] [N © - 5-15/16'
TOP
sl TOP VIEW VIEW
174" CHAMFER
MAIN RAIL SECTION SPACER BLOCK
14'5-5/8"
ileiad GENERAL NOTES:
ke 50 2-1/8" la 4-3/8n THE GLUE LAMINATED WOOD RUBRAIL AND SPACER BLOCK SHALL BE
—I r 1 FABRICATED WITH COMBINATION NO. 48 SOUTHERN PINE OR
| | COMBINATION NO. 2 WESTERN SPECIES MATERIAL, AS SPECIFIED IN
4t/ AASHTO'S LRFD BRIDGE DESIGN SPECIFICATIONS,
AR —0 o 7/8" X 1-1/4% SLOT 0 @
NN frgbuct e ‘ A Qr —1-5/16" DIA.HOLE (TYP.) = THE WOOD RUBRAIL AND SPACER BLOCKS SHALL BE TREATED WITH
7 e _—1-5/16" DIA. HOLE (TYP.) 7 PENTACHLOROPHENOL IN HEAVY OIL TO A MINIMUM NET RETENTION
B — ' o o @ OF 0.6 LBS./CU.FT. AS SPECIFIED IN AWPA STANDARD C14.
|| ALL WOOD SHALL BE CUT, DRILLED, AND COMPLETELY FABRICATED
sz [.5%] 4'3-1/2" PRIOR TO TREATMENT WITH PRESERVATIVE. DRAIN EXCESS CHEMICALS
FRONT VIEW AND DRY ALL TREATED WOOD AT THE PLACE OF MANUFACTURE.
378"
-} — ] | T — T ALL FIELD CUTS, BORE HOLES, AND DAMAGES SHALL BE TREATED WITH
f 1T 5 MATERIAL ACCEPTABLE TO THE ENGINEER PRIOR TO INSTALLATION.
(NN PiLt LE t N THE APPLICATION OF ANY MATERIALS IN FIELD REPAIRS SHALL BE
o (NN [N [ = PERFORMED IN A MANNER THAT PREVENTS CONTAMINATION OF
| T K] o [NIN] 2 SURROUNDING SOIL.
] \1/4~ CHAMFER SRR |
*E0, REVISED:
Nsb b0,
APPROACH END RAIL SECTION W/ ANCHOR PLATE ) & GLUE LAMINATED RUBRAIL (CONCRETE POSTS)
s = . RUBRAIL SECTIONS AND SPACER BLOCK
E‘ g APPROVED:
” op v 5-27-2014 | STANDARD PLAN 5-297.678 | 2 OF 3
F T8 STATE DESIGN_ENGINEER

Figure A-5. Glue Laminated Rubrail (Concrete Posts) — Rubrail Sections and Spacer Block

6T-96€-€0-dY.L "ON Moday 4SHMI

6102 ‘T¢ Arenuer



18T

3-1/2". ]

EIGHT - 1-1/4" DIA.X 12" LONG ASTM A307 OR GRADE 2

STEEL DOME HEAD BOLTS (WITHOUT LUGS) AND WITH A 1-1/4"
DIA. TYPE A FLAT WASHER AND A 1-1/4" DIA, FINISHED HEX
NUT. GALVANIZE PER SPEC. 3392.

s Il e S

= == == ==

TOP VIEW (WITH BOLTS)

13-172" X 29-1/4" X 3/8"

/ ASTM A36 STEEL PLATE
378"
e

13-1/2" X B" X 3/8"

ASTM A36 STEEL PLATE \

g N ¥

3 {38 a4 N

: i . €70
° ey val/

L

_|\_13-1/2” X 29-1/4" X 3/8"

ASTM A36 STEEL PLATE

|_ 2 5-1/4"

TOP VIEW (WITHOUT BOLTS)

FRONT VIEW (WITH BOLTS)
5 /—1-5/18" DIA. HOLES (TYP.)

——

e ® i @

.
!

e

2*1/4"—-‘

6-1/2"
13-1/2"

e @ I ® @

FRONT VIEW (WITHOUT BOLTS)
SPLICE PLATE DETAIL @

NOTES:

(D ACCORDING TO FCAO1-02 OF AASHTO'S "A GUIDE TO STANDARDIZED
HIGHWAY BARRIER HARDWARE" HANDBOOK, 1995 EDITION.

(@ ACCORDING TO FPBO1 OF AASHTO'S “A GUIDE TO STANDARDIZED HIGHWAY
BARRIER HARDWARE" HANDBOOK, 1995 EDITION.

(3 WELDING SHALL BE COMPLETED PER SPEC.2471.3F, GALVANIZED PER SPEC. 3394,

3/16" GAP IS PROVIDED BETWEEN EACH RAIL END AND SIDE OF STEEL
MID-PLATE. TOTAL DISTANCE BETWEEN RAIL END TO ADJACENT RAIL END IS
3744,

: 6'6-1/16"
5 ™
= z - 3/8n 3/8
a2 S ]|||n|||mb1uumm g
\_ 1174 1"~ 8 UNC
1/8 " THICK WASHER WITH A 3/4" DIA. (6x19) STEEL CABLE 1-5/8"
1" DIA. HEAVY HEX NUT. 1/8 » THICK WASHER WLTH A STAMDARD SWAGE
GALVANIZE PER SPEC. 3392. 1" DIA. HEAVY HEX NUT. {STLD THREADED. ENTIRE.
GALVANIZE PER SPEC. 3392, LENGTI
FOUR - 1-174" DIA.X 12 LONG ASTM A307
OR GRADE 2 STEEL DOME HEAD BOLTS WITH
LUGS (NIBBS OR FINS) AND WITH A 1-1/4"
DIA. TYPE A FLAT WASHER AND A 1-1/4" DIA.
FINISHED HEX NUT. GALVANIZED PER SPEC. n
o @ 95 oy | .— BCT BEARING PLATE
II]II]]ﬂIHDDHZEﬂ DS
o O =
\ <o o ANCHOR CABLE DETAIL © 8 e
D
PLATE DETAIL = | e
o || :
DESCRIPTION MATERIAL QUANTITY N CR S
ANCHOR PLATE Al 10-1/2% X 9" X 3/8" ASTM A36 1 \_1-1/8" DIA.
PLATE A2 3 X 3" X 174 " ASTM A36 2 BCT BEARING PLATE
(FOR ANCHOR CABLE) ®
PLATE A3 31X 3 X 172" ASTM A36 1
PLATE Al 1-5/16" DIA. (TYP.) —\
PLATE A3 \ @ _ % ]
PLATE A2 \'%EFL
il =
i LATE A2 N @
70 " 3 PLATE A3 _//L' /4
= 74 =9
T
@ @ ~|——= (PLATE A2) 174" =l
| | & 1/40—
o & o
PLATE A1 —
P
ANCSHI%E V‘EEA;E Al ANCHOR PLATE Al
FRONT VIEW
ET0
- - 2
—x, PLATE A3 5 1-5/16" DIA.
PLATE A2 "
B
3/8" 1y
1 . -
E) »
g L—w"
= §
ANCHOR PLATE Al T RE ReviseD:
TOP VII PLATE A2 PLATE A3 ’\“"l,' 1
s %
3 g :
ANCHOR PLATE DETAIL ® 5“ ‘5' Lotigghcod
” oS STATE DESIGN ENGINEER 5 _2 T -2 O 14

GLUE LAMINATED RUBRAIL (CONCRETE POSTS)

ANCHOR CABLE, ANCHOR PLATE, AND SPLICE PLATE

STANDARD PLAN 5-297.678

3 0k 3

Figure A-6. Glue Laminated Rubrail (Concrete Posts) — Anchor Cable, Anchor Plate, and Splice Plate
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Date: 2/28/2018 Test Name: MNNW-1 VIN: 1D7RB1CT0AS214480
Year: 2010 Make: Dodge Model: RAM 1500 Crew

Vehicle CG Determination
Weight Vertical CG Vertical M

VEHICLE Equipment (Ib) (in.) (Ib-in.)
+ Unballasted Truck (Curb) 5264 291/4 154009.5
+ Hub 19 151/2 294.5
+ Brake activation cylinder & frame 19 15 3/4 299.25
+ Pneumatic tank (Nitrogen) 7 28 196
+ Strobe/Brake Battery 28 29 812
+ Brake Receiver/Wires 5 28 140
+ CG Plate including DAS 6 54 324
- Battery 42 50 2100
- Oil -41 36 -1476
- Interior -1 22 -242
- Fuel -96 36 -3456
- Coolant -188 18 -3384
- Washer fluid -12 39 -468
+ Water Ballast (In Fuel Tank) -1 40 -40
+ Onboard Supplemental Battery 0 0 0
14 27 378
0
Note: (+) is added equipment to vehicle, (-) is removed equipment from vehicle 149487 .25
Estimated Total Weight (Ib)] 5055
Vertical CG Location (in.)| 29.5722

Vehicle Dimensions for C.G. Calculations
Wheel Base: 1401/2 in. Front Track Width: 68 1/4  in.
Rear Track Width: 68 3/8 in.

Center of Gravity 2270P MASH Targets Test Inertial Difference
Test Inertial Weight (Ib) 5000 + 110 5056 56.0
Longitudinal CG (in.) 63 +4 61.02413 -1.97587
Lateral CG (in.) NA -0.189156 NA
Vertical CG (in.) 28 or greater 29.57 1.57216

Note: Long. CG is measured from front axle of test vehicle
Note: Lateral CG measured from centerline - positive to vehicle right (passenger) side

CURB WEIGHT (Ib.) TEST INERTIAL WEIGHT (lb.)
Left Right Left Right
Front 1518 1437 Front 1459 | 1401
Rear 1159 1150 Rear 1083 | 1113
FRONT 2955 Ib FRONT 2860 Ib
REAR 2309 b REAR 2196 b
TOTAL 5264 b TOTAL 5056 Ib

Figure B-1. Vehicle Mass Distribution, Test No. MNNW-1
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Date: 2/28/2018 Test Name: NMNNW-2 VIN: KMHCN4ACXBU610901
Year: 2010 Make: __ Hyundai Model: Accent
Vehicle CG Determination
Weight
Vehicle Equipment (Ib)
+ Unballasted Car (Curb) 2476
+ Hub 19
+ Brake activation cylinder & frame 7
=+ Pneumatic tank (Nitrogen) 22
+ Strobe/Brake Battery 5
+ Brake Receiver/\Wires 5
+ CG Plate including DAS 13
- Battery -38
- Qil -5
- Interior -41
- Fuel -12
- Coolant -5
- Washer fluid -8
+ Water Ballast (In Fuel Tank) 0
+ Onboard Supplemental Battery 13
- Trunk carpet -4

Vehicle Dimensions for C.G. Calculations

Note: (+) is added equipment to vehicle, (-) is removed equipment from vehicle

Estimated Total Weight (Ib) 2447

Wheel Base: 98 3/4 in. Front Track Width: 57 7/8 in.

Roof Height: 57 in. Rear Track Width: 57 in.
Center of Gravity 1100C MASH Targets Test Inertial Difference
Test Inertial Weight (Ib) 2420 +55 2431 11.0
Longitudinal CG (in.) 39 +4 36.59965 -2.40035
Lateral CG (in.) NA -0.602491 NA
Vertical CG (in.) NA 22.41 NA

Note: Long. CG is measured from front axle of test vehicle
Note: Lateral CG measured from centerline - positive to vehicle right (passenger) side

CURB WEIGHT (Ib) TEST INERTIAL WEIGHT (Ib)
Left Right Left Right

Front 802 775 Front 784 | 746

Rear 450 449 Rear 457 | 444

FRONT 1577 Ib FRONT 1530 Ib

REAR 899 Ib REAR 901 Ib

TOTAL 2476 Ib TOTAL 2431 Ib

Figure B-2. Vehicle Mass Distribution, Test No. MNNW-2
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Date: 4/4/2018 Test Name: MNNW-3 VIN: 1D7RB1CP7BX646567

Year: 2011 Make: Dodge Model: Ram 1500

Vehicle CG Determination
Weight Vertical CG Vertical M

VEHICLE Equipment (Ib) (in.) (Ib-in.)
+ Unballasted Truck (Curb) 5265 28 3/8 | 149352.88
+ Hub 19 15 285
+ Brake activation cylinder & frame 74 297/8 209.125
+ Pneumatic tank (Nitrogen) 22 27 1/2 605
+ Strobe/Brake Battery 5 27 135
+ Brake Receiver/Wires 6 511/2 309
+ CG Plate including DAS 50 301/8 1506.25
- Battery -44 391/2 -1738
- Qil -9 18 -162
- Interior -118 25 3/4 -3038.5
- Fuel -196 20 3/8 -3993.5
- Coolant -9 311/4 -281.25
- Washer fluid -1 32 -32
+ Water Ballast (In Fuel Tank) 0 0
+ Onboard Supplemental Battery 13 27 3/8 355.875
+ Smart Barrier Provisions 10 251/5 252
0
Note: (+) is added equipment to vehicle, (-) is removed equipment from vehicle 143764.88
Estimated Total Weight (Ib)] 5020
Vertical CG Location (in.)| 28.6384

Vehicle Dimensions for C.G. Calculations
Wheel Base: 140 1/2 in. Front Track Width: 66 1/4 in.
Rear Track Width: 67 3/4 in.

Center of Gravity 2270P MASH Targets Test Inertial Difference
Test Inertial Weight (Ib) 5000 110 5028 28.0
Longitudinal CG (in.) 63 +4 61.168357 -1.83164
Lateral CG (in.) NA -0.732896 NA
Vertical CG (in.) 28 or greater 28.64 0.63842

Note: Long. CG is measured from front axle of test vehicle
Note: Lateral CG measured from centerline - positive to vehicle right (passenger) side

CURB WEIGHT (lb) TEST INERTIAL WEIGHT (lIb)
Left Right Left Right

Front 1490 1450 Front 1431 1408

Rear 1179 1146 Rear 1138 1051

FRONT 2040 Ib FRONT 2839 b

REAR 2325  Ib REAR 2189  Ib

TOTAL 5265 b TOTAL 5028 Ib

Figure B-3. Vehicle Mass Distribution, Test No. MNNW-3
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Table C-1. Bill of Materials, Test Nos. MNNW-1, MNNW-2, and MNNW-3

Item No. Description Material Specification Reference
al 125 5/8"X13 1/2"x10 3/4" [3,191x343x273] GLULAM - Comb. 48 (SP) or Comb. 2 (Western species) | CO#174067 MO#162115
Timber Rail End Section
a2 191 1/4"x13 1/2"x10 3/4" [4,858x343x273] GLULAM - Comb. 48 (SP) or Comb. 2 (Western species) | CO#174067 MO#162115
Timber Rail Section
a3 173 5/8"x13 1/2°x10 3/4" [4,410x343x273] GLULAM - Comb. 48 (SP) or Comb. 2 (Western species) | CO#174067 MO#162115
Timber Rail End Section
ad 13 1/2"x9"X6" [343x229x152] GLULAM - Comb. 48 (SP) or Comb. 2 (Western species) CO#174067 MO#162115
Wood Blockout
bl 10 1/2"x9"x3/8" [229x267x10] Steel Plate ASTM A36 H#17043961
b2 3"x3"x1/4" [76x76x6] Steel Gusset ASTM A36 H#AT7P1312
b3 3"x3"x1/2" [76x76x13] Steel Plate ASTM A36 H#17073161
o o . Min. f'c = 5,500 psi [37.9 MPa] Wieser Concrete Test, Avg.
cl 12"x18" [305x457], 18' [5,486] Long Concrete Post MNnDOT mix 3W82 Result: 7457 ACI Grade 1
c2 3/8" [10] Dia., 53" [1,346] Long Rebar ASTM A615 Gr. 60 H#KN16105651
c3 5/8" [16] Dia., 210" [5,334] Long Rebar ASTM A615 Gr. 60 Not Used - Item c4 USED
"’ ' ) INSTEAD
1/2" [13] Dia, 7-Wire Pre-Stressing Strand, 216" Coil#2344-3
c4 [5,486] Long ASTM A416 Gr. 270 H#5314572502
dl 29 1/4"x13 1/2"x3/8" [743x343x10] Steel Plate ASTM A36 H#17043961
d2 13 1/2"x10"x3/8" [343x254x10] Steel Plate ASTM A36 H#17043961
SYP Gr. No. 1 Dense or better standard rough sawn or
el 3"x10" [76x254], 10' [3,048] Long Vertical Wood Douglas Fir-Larch No. 1 or Douglas Fir-Larch (North) Millard Lumber
Nailer Select Structural or Douglas Fir-South Select Structural or Order#3658140
equivalent with min F'b = 1,200 psi [8.3 MPa]
o2 2"x8" [51x203], 8' [2,438] Long Tongue and SYP Gr. Select Structural Douglas Fir-Larch Select Millard Lumber
Groove Wood Plank Structural or equivalent with min F'b = 1,500 psi [10.3 MPa] Order#3658140
e3 2"x8" [51x203], 16' [4,877] Long Tongue and SYP Gr. Select Structural Douglas Fir-Larch Select Millard Lumber
Groove Wood Plank Structural or equivalent with min F'b = 1,500 psi [10.3 MPa] Order#3658140
noon . SYP Gr. Select Structural Douglas Fir-Larch Select Millard Lumber
e4 2"x8" [51x203], 10"[3,048] Long Wood Batten Structural or equivalent with min F'b = 1,500 psi [10.3 MPa] Order#3658140
o g . SYP Gr. Select Structural Douglas Fir-Larch Select Millard Lumber
€5 2"x4" [51x102], 10"[3,048] Long Wood Plank Structural or equivalent with min F'b = 1,500 psi [10.3 MPa] Order#3658140
R#17-700 Yellow
fl BCT Anchor Cable - OR
H#119048*
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Table C-2. Bill of Materials, Test Nos. MNNW-1, MNNW-2, and MNNW-3 (Cont.)

Item No. Description Material Specification Reference
South: H#DL15103543
f2 8"x8"x5/8" [203x203x16] Anchor Bearing Plate ASTM A36 North: H#6106195
R#090453-9
f3 2 3/8" [60] O.D. x 12" [305] Long BCT Post Sleeve ASTM A53 Gr. B Schedule 40 H#B712810
1 1/4" [32] Dia. UNC, 14" [356] Long Round Head Bolt - ASTM A307 Gr. A .
gl Bolt and Nut NUt - ASTM AB63A Invoice#103293 H#278117
Invoice#103293 H#145417
3/4" [19] Dia. UNC, 18" [457] Long Round Head OR
92 Bolt ASTM ASO7 Gr. A H#17308059-3 Red Paint;*
H#184335 Unpainted;*
g3 16D Ring Shank Nail - Lowes Trans#9000581
4 No. 8 x 2 1/2" [64] Long Bugle Head Exterior i Grainger COC,
g Screw Item#31JJ25
g5 1/2" [13] Dia. Round Plate Washer ASTM F844 PCl and CONAC COC
g6 1/2"-6 [13] Coil Threagbft [76] Long Hex Head ASTM A307 Gr. A PCI and CONAC COC
g7 3/4"-10 UNC [19] Drop-In Concrete Anchor Hilti Item No. 258541 Hilti COC
" . . PO#0000017781
g8 1/2"-6 [13] Coil Thread Concrete Anchor As Supplied L 40000097318
" : : P#33189 PO#220024755
g9 1 1/4" [32] Dia. Plain Round Washer ASTM A844 L#M-SWE0411982-34
gl0 3/4" [19] Dia. Plain Round Washer ASTM F844 P#1133018 PO#210136785

L#17H168220-3

*test no. MNNW-3 only
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Certificate of Conformance

THE UNDERSIGNED MANUFACTURER HEREBY CERTIFIES that the structural wood products identified below
and marked with a collective mark of APA — The Engineered Wood Association (APA) were manufactured in
accordance with the specifications indicated below.

M ANSI Standard A190.1-2012, for Structural Glued Laminated Timber

Job Name:

Job Location:
Customer's Order No.: 174067 Date: 12-5-2017 Mfgr's Order No.: 162115
Distributor: WESTERN WOOD STRUCTURES

Order Description:

Signature: MJLAJ Name: Ron Jubber

Company: Zip-O(«{aminators, LLC Position: _Quality Assurance
Address: 2701 W. 1%t Ave Date: 12-5-2017
Eugene OR 97402

IT IS HEREBY CERTIFIED that the structural glued laminated timber production of the above-named manufacturer
which carries a collective mark of APA is subject to regular audit by APA — The Engineered Wood Association,
such audit consisting of the inspection of the manufacturing process, with sampling to verify the quality of glulam
construction and the adequacy of glue bond.

by

Steve ZMowski
Director, Quality Services

REPRESENTING THE ENGINEERED WOOD INDUSTRY
7011 South 19th Street  Tacoma, Washington 98466-5333  Phone: (253) 565-6600 o Fax: (253} 565-7265 » www.apawood.org

EWS Cert Conformance.pdf © 2012 APA - The Engineered Wood Association, Rev. 05/13

Figure C-1. Timber Rail Material Certificate of Conformance, Test Nos. MNNW-1, MNNW-2,
and MNNW-3
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Consumer Infermation Sheet

\

PENTACHLOROPHENOL ’
PRESSURE-TREATED WOOD

CONSUMER INFORMATION

This wood has been preserved by pressure-
treatment with an EPA -registered pesticide containing
pentachlorophenol to protect it from insect attack and
decay. Wood treated with pentachlorophenol should be
used only where such protection is important.

Pentachlorophenol penetrates deeply into and
remains in the pressure-treated wood for a long time.
Exposure to pentachlorophenol may present certain
hazards. Therefore, the following precautions should
be taken both when handling the treated wood and in
determining where to use and dipose of the treated
wood.

USE SITE PRECAUTI

Logs treated with pentachlorophenol should
not be used for log homes.

Wood treated with pentachlorophenol should
not be used where it will be in frequent or prolonged
contact with bare skin (for example, chairs and other
outdoor furniture), unless an effective sealer has been
applied.

Pentachlorophenol-treated wood should not be
used in residential, industrial, or commercial interiors
except for laminated beams or building components
which are in ground contact and are subject to decay or
insect infestation and where two coats of an appropriate
sealer are applied. Sealers may be applied at the instal-
lation site.

Wood treated with pentachlorophenol should
not be used in the interiors of farm buildings where
there may be direct contact with domestic animals or
livestock which may crib (bite) or lick the wood.

In interjors of farm buildings where domestic
animals or livestock are unlikely to crib (bite) or lick
the wood, pentachlorophenol-treated wood may be
used for building components which are in ground con-
tact and are subject to decay or insect infestation and
where two coats of an appropriate sealer are applied.
Sealers may be applied at the installation site.

Do not use pentachlorophenol-treated wood for
farrowing or brooding facilities.

Do not use treated wood under circumstances
where the preservative may become a component of
food or animal feed. Examples of such sites would be
structures or containers for storing silage or food.

Do not use treated wood for cutting boards or

countertops. l

Only treated wood that i[s visibly clean and free
of surface residue should be used for patios, decks and
walkways.

Do not use treated woaod|for construction of
those portions of beehives which may come into con-
tact with the honey.

Pentachlorophenol-treated wood should not be
used where it may come into direct or indirect contact
with public drinking water, exce ot for uses involving
incidental contact such as docks and bridges.

Do not use pentachlorophenol-treated wood
-where it may come into direct or|indirect contact with
drinking water for domestic animals or livestock, ex-
cept for uses involving incident:i contact such as docks
and bridges.

HANDLING PRECAUTIONS

Dispose of treated wood by ordinary trash col-
lection or burial. Treated wood ghould not be burmed in
open fires or in stoves, ﬁreplaces.1 or residential boilers
because toxic chemicals may be Eroduced as part of the
smoke and ashes. Treated wood from commercial or
industrial use (e.g., construction sites) may be burned
only in commercial or industrial incinerators or boilers
rated at 20 million BTU/hour or greater heat input or its
equivalent in accordance with state and federal regula-
tions.

Avoid frequent or prolonged inhalation of saw-
dust from treated wood. When sawing and machining
treated wood, wear a dust mask. rWhenever possible,
these operations should be performed outdoors to avoid
indoor accumulations of airborne sawdust from treated
wood.

Avoid frequent or prolonged skin contact with
pentachlorophenol-treated wood] when handling the
treated wood, wear long-sleeved|shirts and long pants
and use gloves impervious to the chemicals (for ex-
ample, gloves that are vinyl-coated).

When power-sawing and machining, wear
goggles to protect eyes from flying particles.

After working with the wood, and before
eating, drinking, and use of tobacco products, wash
exposed areas thoroughly.

If oily preservatives or s
on clothes, launder before reuse.
separately from other household

awdust accumulate
Wash work clothes
clothing.

Figure C-2. Timber Rail Material Certificate of Conformance, Test Nos. MNNW-1, MNNW-2,
and MNNW-3
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TREATED WOOD HAZARD LABEL

HEALTH/SAFETY ALERT

HANDLING MAY CAUSE SPLINTERS
WOOD DUST MAY CAUSE EYE AND SKIN IRRITATION

OBSERVE GO OD HYGIENE AND SAFETY PRACTICES WHEN HANDLING
THIS PRODUCT

DO NOTUSE THIS PRODUCT UNTIL MSDS AND €IS HAVE BEEN
READ AND UNDERSTOOD

WARNING: ‘Somme forms of components of the liquid preservafives used to manufacture these
products have caused lung, skin and possibly other cancers in humans occupationally or
environmentally overexposed. Such hazards have nof been associated with treated wood use.

THIS PRODUCT CONTAINS A CHEMICAL KNOWN TO THE STATE
OF CALTFORNIA TO CAUSE CANCER

FOR MORE INFORMATION ON PROPOSITION 65, VISIT
http://oehha.ca.gov/prop65.himl

Figure C-3. Timber Rail Material Certificate of Conformance, Test Nos. MNNW-1, MNNW-2,
and MNNW-3
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Py STEEL AND
A PIPE SUPPLY
SPS Coil Processing Tulsa
5275 Bird Creek Ave.

Port of Catoosa, OK 74015

Heat No. 17043961
Produced from Coil

Carbon Manganese
0.1900 0.8500

Phosphorus
0.0100

Mill Coil No. 17043961-04

Tensile Yield
72770.000 48824.000
70521.000 48659.000
70725.000 45986.000
70489.000 47266.000

METALLURGICAL
TEST REPORT

PAGE 1 of 1

DATE 07/05/2017 i
TIME 11:18:56

USER H.ZAVALA ¢

g 5| 13716

L 1| Kansas City Warehouse

D P| 401 New Century Parkway
T T NEW CENTURY KS

ol 66031-1127 0

Order Material No. Description Quantity Waight  Customer Part
40288406-0010 701272120TM 3/8 72 X 120 A36 TEMPERPASS STPMLPL 8 7,353.600

Vendor BIG RIVER STEEL LLC

Sulphur
0.0030

Elong
35.20
33.20
32.00
32.20

Batch 0004833970 8 EA 7,353.600 LB

Silicon Nickel
0.0300

0.0400

Rekwl

Chemical Analysis

R Ship Date
07/05/2017

Cus;mel PO

DOMESTIC Mill BIG RIVER STEEL LLC Metlted and Manufact\*red in the USA
Chromium Molybdenum Boron Copper  Aluminum  Titanium V di C i Ni Tin
0.0700 0.0130 0.0001 0.1400 0.0380 0.0000 0.0030 0.0010 0.0075 0.0062
Mechanical / Physical Properties

Grain Charpy Charpy Dr Charpy Sz Temperature Qlsen

0 NA

0 NA

(4] NA

] NA

Batch 0004833973 8 EA 7,353.600 LB

Batch 0004833990 7 EA 6,434.400 LB

The material is in compliance with EN 10204 Section 4.1 Inspection Certificate Type 3.1

Figure C-5. Steel Plate Material Certificate, Test Nos. MNNW-1, MNNW-2, and MNNW-3

THE CHEMICAL, PHYSICAL, OR MECHANICAL TESTS REPORTED ABOVE ACCURATELY REFLECT INFORMATION AS CONTAINED IN THE RECORDS OF THE CORPORATION,
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p Y. STEEL AND
d PIPE SUPPLY

SPS Cail Processing Tulsa

5275 Bird Creek Ave.

Port of Catoosa, OK 74015

METALLURGICAL ace
TEST REPORT o

USER

of 1
125/2017
:57:33
DUBOIS

s ﬁ 13713
E’ | Warehouse 0020
D Pl 1050 Fort Gibson Rd
A T CATOOSA OK 74015-3033
0 0
aer T Ma;vial No. 7 Description o Quantity 7 Weigh;r ;aistomor P;n ) Cu;tomel 5 ;hipae
40285879-0010 72896240 1/4 96 X 240 A36 MILL PLATE 6 8,168 06/25/2017
Chemical Analysis
Hest No. A7P1312 Vendor NUCOR STEEL TUSCALOOSA INC " DOMESTIC Mill NUCOR STEEL TUSCALOOSA INC Meited and Manufactured in the USA
Produced from Coil
Carhon Manganese  Phosphorus Sulphur Silicon Nickel Chromium Molybdenum Boron Copper  Aluminum Titanium  Vanadium Columbjum  Nitrogen Tin
0.1900 0.8700 0.0090 0.0080 0.0300 0.0800 0.0700 0.0240  0.0001  0.1900 0.0270  0.0010 0.0030 0.0§20 0.0080  0.0000
Mechanical / Physical Properties
Mill Coil No. 700068
Tensile Yield Elong Rckw! Grain Charpy Charpy Dr Charpy Sz Tepperature Olsen
72963.000 50286.000 32.75 0 NA
67801.000 45536.000 30.65 0 NA
71995.000 49738.000 31.35 Q NA
Batch 0004782696 5 EA 8,168 LB =4
THE CHEMICAL, PHYSICAL, OR MECHANICAL TESTS REPORTED ABOVE ACCURATELY REFLECT INFORMATION AS CONTAINED IN THE RECORDS OF THE CPRPORATION -

The material is in compliance with EN 10204 Scctlion 4.1 Inspection Certificate Tvoe 3.1

¢

Figure C-6. Steel Gusset Material Certificate, Test Nos. MNNW-1, MNNW-2, and MNNW-3
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SPs C
5275

TEEL AND
IPE SUPPLY

Processing Tulsa
d Creek Ave.

Port of [Catoosa, OK 74015

o 66431-1127

Order

Material No.

402923280010 701672120T™

Heat No.§ 17073161

Produced';nm Coil

Carbon anganese  Phosphorus
0.1900 0.8100 0.0060
Mill Coil Jo. 17073161-03
nsile Yield
72608.000 48900.000
71509.000 48000 000
71708.000 45700.000
71708.000 47700.000

E

METALLURGICAL

TEST R

{

S
H
1
P
[T
Dascription Quantity
72 X 120 A36 TEMPEAPASS STPMLPL 1

Vendor BIG RIVER STEEL LLC

Sulphur Silicon
00200

0.6010

Elong
33.00
34.50
34 20
34.00

ifich 0004949996 1 EA 1,225 200 LB

Nickel

0.0300

Rekwl

Chemical Analysis
DOMESTIC

EPORT

13716

Kansas City Warehouse
401 New Century Parkway
NEW CENTURY KS

Weight  Customer Part
1,225.200

Mill BIG RIVER STEEL LLC

PAGE
DATE
TIME

USER

1 of 1
09/25/2017
11:26:58
WILLIAMR

Customer PO

Ship Date

09:25:2017

Melted and Manufectured in the USA

Chromium  Molybdenum Boron  Copper Aluminum Titanium  Vanadi Columbi g Tin
0.0300 0.0100  0.0001 0.1000 0.0250  0.0000 0.0030 0.0020 0.0080  0.0061
Mechanical / Physical Properties

Grain Charpy Charpy Dr Charpy $z Temperature Olsen
[ NA
o} NA
0 NA
4] NA
AL LA 1=

Figure C-7. Steel Plate Material Certificate, Test Nos. MNNW-1, MNNW-2, and MNNW-3
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January 31, 2019
MwRSF Report No. TRP-03-396-19

ﬂ““ﬂﬂﬂf PRODUCTS, INC.

W3716 U.S. HWY 10 « MAIDEN ROCK, WI 54750
(715) 647-2311 800-325-8456 Fax (715) 647-5181

Website: www.wieserconcrete,com

CONCRETE TEST RESULTS
PROJECT: Nebraska Posts Testing By: Jason Hendricks
CONCRETE SUPPLIER Wieser Concrete ACI GRADE 1
SET TEST POUR DATE RESULTS AVERAGE TEST TYPE
1 7348
1 2 10/19/2017 7566 7457 28 Day
3
1
2 2 28 Day
3
1
3 2
S
1
4 2
3
1
B 2
3
1
6 2
3
1
7 2
3

Lo s

‘ Signature

Figure C-8. Concrete Post Material Certificate, Test Nos. MNNW-1, MNNW-2, and MNNW-3
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ABC COATING CO INC

L67

soLp NUCcOR CERTIFIED MILL TEST REPORT Page: 1
To: POBOX9693 NUCOR STEEL KANKAKEE, INC.
TULSA, OK 74157~
Ship from:
MTR #: 0000146382
SHIP ASBC COATW&#%&’\"; Nucor Steel Kankakes, Inc. Date: 25-0¢t-2016
TO: 2500WGOoU B One Nucor Way B.L. Number: 528492
DOOR 16A Bourbonnals, IL 60914 Load Number: 279240
ROSEVILLE, MN 55113- 815-937-3131
Materlal Safety Data Sheets are available at www.nucorbar.com or by contacting your Inside sales representative. NBMG-08 Janvery 1, 2012
- PHYSICAL TESTS CHEMICAL TESTS
DESCRIPTION c :
HEAT # wer J TSI | gRE l seno W W2 | e | | P [ e | o
PO# => 102016-MINN
KN1610511501 Nucor Steel - Kankakee Inc 68,025 105418 143% OK -3.2% a7 1.08 .022 .048 .21 36
KN16105115 10/#3 Rebar 469MPa 727MPa .023 A3 .20 .036 .004 .001

40' A615M GR420 (Gr60)
ASTM AB15/A615M-14 GR 60[420]
AASHTO M31-07
Melted 08/23/16 Rolled 08/27/16
PO# => 102016-MINN
KN1610511601 Nucor Steel - Kankakee Inc
KN16105116 10/#3 Rebar
40' A615M GR420 (Gr60)
ASTM AB15/A615M-14 GR 60[420]
AASHTO M31-07
Melted 08/23/16 Rolled 08/26/16
PO# => 102016-MINN
KN1610565101 Nucor Steel - Kankakee Inc
KN16105651 10/#3 Rebar
40' AB15M GR420 (Gr60)
ASTM AB15/A615M-14 GR 60[420]
AASHTO M31-07
Melted 09/29/16 Rolled 10/13/16

73,054 109,048 1386% OK -2.1% .38 .89 014 .048 19 38
504MPa 752MPa 023 13 A2 037 .003 .001

67,275 101,464 14.1% OK 2.7% .38 1.00 012 040 A7 .36
464MPa 700MPa 026 18 A6 .059 .003 .001

1 hereby certify that the material described herein has been manufactured in accordance with
Ehl specifications and standards listed above and that it l-:!.-!i.l those requirements.
Weld repair was not performed on this material.
2 x ¥elted and Manufactured in the United States. UALITY
3.) Mercury, Radium, or Alpha mource materials in any form QUALT'
have not been used in the production of this material. ASSURANCE:

Dot L

Matt Luymes

Figure C-9. Rebar Material Certificate, Test Nos. MNNW-1, MNNW-2, and MNNW-3
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January 31, 2019

MwRSF Report No. TRP-03-396-19

4-wme

18490 MAIN STREET, CONROE, TX 77385
678-633-7091

PRODUCT TEST CERTIFICATION

CUSTOMER: Wieser Concrete Products DATE: 4/24/2017

LOCATION: 3716 US Hwy 10 CERTIFICATION # 7;7 OC2755
Maiden Rock, WI 54750
Ph715-647-2311

PURCHASE ORDER # W01205

CERTIFICATION STANDARD: ASTM A416/A416M-12

WMC HEREBY CERTIFIES THAT THE SPECIMENS TAKEN FROM PRODUCTION LOT(S) CONSISTING OF ONE
OR MORE OF THE FOLLOWING LOT/SERIAL NUMBERS WERE TESTED IN ACCORDANCE WITH AND MET THE
SPECIFICATION REQUIREMENTS OF ASTM A 416-10.

THE ATTACHED TEST REPORT(S) REPRESENTS THE RESULT OF SUCH TEST(S).

SIZE: 0.500 * DIAMETER
GRADE: 270K GRADE LR SEVEN WIRE STRAND ASTM A416:

COIL NUMBERS HEAT NUMBER
2346 -1 5314572502
2346 -2 5314572502
2346 -4 5314572502
2346 -6 5314572502
2346 -8 5314572502
2344 -1 5314572502
L 2344 -3 5314572502 4—’/\‘

THE PRODUCTS LISTED IN THIS CERTIFICATION WERE MANUFATTURED AND FABRICATED IN THE UNITED
STATES OF AMERICA

WMC HEREBY CERTIFIES THAT THE PRESTRESSING STRAND DESCRIBED ABOVE MEETS OR EXCEEDS THE
MINIMUM BONDING REQUIREMENTS AS CURRENTLY ACCEPTED IN THE NASP (NORTH AMERICAN STRAND
PRODUCERS) PULL-OUT TEST AND THE MOUSTAFFA BLOCK PULL-OUT TEST.

ALL DOMESTIC PRESTRESSING STRAND WAS MADE FROM STEEL ROD THAT WAS MANUFACTURED AND
PROCESSED COMPLETELY IN AMERICA. THE ROD WAS THEN MANUFACTURED INTO PC STRAND IN THE
UNITED STATED AT WMC LLC, 18490 MAIN STREET CONROE, TX 77385, WITH AN AVERAGE MODULUS OF
28.8.

THE MATERIAL MEETS THE “BUY AMERICA” REQUIREMENTS OF 23 CFR 635.410.

THE PRODUCTS LISTED IN THIS CERTIFICATION WERE MANUFACTURED IN THE USA FROM WIRE ROD
WHICH WAS MANUFACTURED IN THE USA.

t CERTIFICATION PREPARED BY:

Figure C-10. Pre-Stressed Strand Material Certificate, Test Nos. MNNW-1, MNNW-2, and

MNNW-3
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MwRSF Report No. TRP-03-396-19

Picking Note T UM
[ Order No l Date l Date Required | Branch I Sales Rep i Taken By I c l Customer Ref“
l_) .36‘58,140,_ L_ Vﬂ()ﬁ/?r(i v[ﬁaa_mm&[ ~ Waverly l JanBadura |  Jan Badura ' Cod/Cash Sales - Jan Badura ILumber e A,,I
LSpedal Picking & Order Notes Delivery Address
Accepted from quote #363680 Midwest Roadside Safety Facility
College of Engineering, University of Nebraska-Lincoln
4630 NW 36th Street
Lincoln, Nebraska, 68524
ContactInfo: Eugene (Bunky) Krier 402-560-1716 Area:
Line No | Product Code - Description Quantity Weight Qty Picked
1 ! 3X 12X 12' Rough Sawn Treated ** 40" P 15 ea 15.000 | /.5
2 Vendor did not have any 3x10 10's 0.000
3 2x8 12' treated ** 60 P 25ea 25000 |o25
4 2x4 12 treated ** 60" P 5 ea 5000 | &5
5 ABOVE ITEMS SOL RACK TB 11/15 0.000
6 i 0.000
7 0.000
8 items below sol dock tb 11/16/17 0.000
9 2x 8x16 TNG SYP ™ 40™ P 120 ea 120.000
10 Sold in 12 pc. bundles. 0.000
LT = a1 165.000 ey e e g

11/21/2017 3:12:34PM

Page 10f1

Figure C-11. Wood Plank, Nailer, and Batten Material Specification, Test Nos. MNNW-1,

MNNW-2, and MNNW-3
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SPRENGER MIDWEST

WHOLESALE LUMBER
N

January 31, 2019
MwRSF Report No. TRP-03-396-19

QUOTE ‘

Account: DOIT01 0096
Branch: SPRENGERSF

SHIP TO:
Millard Lumber Inc 0355
Waverly Yard/Mfg
11200 N 148th St
Waverly NE 68462
Page 1 of 1
PO: REF: ] ~JoB: - -
EXP DELV DATE: TYPE: WH ) SHIP VIA: WE ARRANGE ~ FRT TERM:
ACTIVATION DATE: QUOTED FOR:Jan
CLOSE DATE: QUOTED BY: Brianc
QUANTITY UoM ITEM/DESCRIPTION PRICE/UOM AMOUNT
BF 204YTFDN 2X4
160 FDN CCA TREATED #2 SYP.
x| (PC) [5/12'
BF 208YTFDN 2X8
_|.60 FDN CCA TREATED #2 SYP
) (PC) [25/12'
BF 312YT 3X12
GROUND CONTACT TRT SYP
X (PC) |212' “
/5
We're actually sold out of 3x12x20 for a month or so. Offering 3x12x12
in lieu of the 10's you'd asked for. Please note that they are GROUND
CONTACT grade treatment (= old .40 level) vs BELOW GRADE grade of
treatment (= of .60 level). We have NO way to get them in the Below
Grade level.
BF 208YTTGM1 2X8
new style T&G #1 SYP GROUND CONTACTMCA
X (PC)  [382/16'
120
This is the only options we stock for 2x8x16 T&G. It is Ground Contact
grade (= old .40) and is sold in 12-pc increments only.
PAYMENT TERMS: . -

Total

Figure C-12. Wood Plank, Nailer, and Batten Material Specification, Test Nos. MNNW-1,
MNNW-2, and MNNW-3
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r"c GCOMMERGIAL GROUP
oA LIFTING PRODUCTS

Feb 15%2017
SOLD:TO: SHIP TO:
GREGORY INDUSTRIES, INC. HIGHWAY — FINISHED GOODS
4100 13™ 8T, SW GREGORY INDUSTRIES, INC.
CANTON, OH. 44710 ATTN: STEVE PENNINGTON
CANTON, OH 44710
R#17-700
CERTIFICATON pcT cables Yellow Paint
CGLP ORDER¥ 256284
GREGORY PO¥# 36454

THIS LETTER AND THE ENCLOSED ATTACHMENTS ARE TO CERTIFY THAT THE
FOLLOWING ITEMS WERE 100% MANUFACTURED IN THE UNITED STATES OF AMERICA.

GE GUARD RAIL ASSEMBLYS.

1,330 PCS, PART# 3012G{3HMIN

THEY SHOW THE DOMESTICITY OF ALL MATERIAL USED, 100% MELTED &
MANUFACTURED IN THE USA. THESE ITEMS ARE HOT DIPPED GALVANIZED TO ASTM-153
SPECIFICATIONS AND STANDARDS, GALV PROCESS ALSO TOOK PLACE IN THE U.S.A.

ATTACHMENTS:

(WIRE ROPE) WIRECQ WORLD GROUP REEL# 428-671806-1; HEATH#
.15R582807; 16R584001; 72987C; 16R586548; 73253F; 16R588160; 16R584967; 16R585464;
16R586547; 14R574048; 14R571682; 16R586549; 16R586401; (ROCKY MOUNTAIN STEEL /
EVRAZ)

(END FITTINGS ) REMLINGER MFG: HEAT#S 75063022; 75062074;
765063075 (GERDAU NORTH AMERICA )

VERY TRULY YOURS
BILL KOTARSKI
GEN MGR CLEV OFFICE
- FLINT CLEVELAND
HEADQUARTERS
BRANCH. BRANCH
12801 UNIVERSAL DRIVE G2427 E. JUDD ROAD 5213 GRANT AVE
TAYLOR, M1 48180 BURTON, MI 48529 CLEVELAND, OH 44105
NEW PH¥ (734) 947-4000 PH# (810) 744-4540 PH¥ (216) 641-4100
NEW FAX# (734) 947-4004 FAX¥ (810) 744-1588 FAX# (216) 641-1814

Figure C-13. BCT Anchor Cable Material Certificate, Test Nos. MNNW-1 and MNNW-2
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Trinity Highway Products, LLC
550 East Robb Ave.
Lima, OH 45801 Phn:(419) 227-1296

Certified Analysis

Order Number: 1269489
Customer PO: 3346

Prod Ln Grp: 3-Guardrail (Dom)

Asof: 11/7/16

Customer: MIDWEST MACH.& SUPPLY CO. BOL Number: 97457 Ship Date:
P. 0. BOX 703 Document #: 1
Shipped To: NE
MILFORD, NE 68405 Use State: NE
Project: RESALE
Qty Part# Description Spee TY Heat Code/ Heat Yield TS Elg C Mn r S Si Cu Cb Cr  Vn ACW
TR A plefor Bok A36 TKI6101488 56172 75,460 250 0.160 0.780 0,017 0.028 0.200 0.280 0.001 0.140 0.028 4
701A A36 535133 43,300 68,500 33.0 0.019 0460 0.013 0.016 0.013 0.090 0.001 0.090 0.002 4
4 729G TS 8X6X3/16X8-0" SLEEVE  A-500 A49248 64,818 78,412 320 0200 0.810 0.014 0.002 0.040 0.020 0.000 0.040 0.001 4
20 7384  STUBESL.18SX6X8 1/4/PL  A-36 4182184 45,000 67,900 310 0210 0.760 0.012 0.008 0.010 0.050 0.001 0.030 0.002 4
738A A-500 A49248 64,818 78,412 320 0200 0.810 0.014 0.002 0.040 0.020 0.000 0.040 0.001 4 ‘
6 749G TS 8XGX3/16X6-0"SLEEVE ~ A-500 A49248 64,818 78,412 320 0200 0.810 0.014 0.002 0.040 0.020 0.000 0.040 0.001 4
6 782G 5/8"X8"X8" BEAR PL/OF A-36 DL15103543 58,000 74,000 250 0.150 0.750 0.013 0.025 0200 0.360 0.003 0.090 0.000 4
20 783A  5/8X8X8BEARPL3/I6STP  A-36 PL14107973 48,167 69,811 250 0.160 0.740 0.012 0.041 0.190 0370 0.000 0.220 0.002 4
783A A36 DL15103543 58,000 74,000 250 0.150 0.750 0.013 0.025 0.200 0.360 0.003 0.090 0.000 4
45 30006  CBL3/4X6'6/DBL HW 119048
7,000 3340G  5/8" GR HEXNUT HW 0055551116146
4,000 3360G  5/8"X125" GR BOLT HW
450 3500G  5/8"X10" GR BOLT A307 HW 28971-B
1225 3540G  5/8"X14" GR BOLT A307 HW 29053-B

2 af &

Figure C-14. Anchor Bearing Plate (South) and BCT Anchor Cable Material Certificate, Test Nos. MNNW-1, MNNW-2, and

MNNW-3
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Asof: G200E

Tlg B F § % & b Tr Vo ADW

’ ~ g9 g P el
8 Certilied Analysis
o
= Trinity Highway Produets, LLC
ﬁ 2548 B, 28 8¢ Crder Mumber: 1085199
& ¥ Worth, TX Customer PO: 2041
Castomer: MID WEST MACH.& SUPPLY OC. BOL Mumber: 24481
PO, BOX 81097 Docwment & 1
Shippsd To: NE
LINOOLN, NE £8551-4097 : Use State: ES
Pigjest:  HESALR

-
o
i
4 ,
5 oy Part# Beseription ) Spw CL ¥V Hestodel Heat# el 5
g TS [ VTR BATE 1530 §1.360
:ﬁ esom 2 A 25K1EISKL6 CAB ANC A6 41532005 44,500 60,500
&
E i FE2G 60 TiBE BLA1BSXEXE 2590 SEPILED T80 BT400

] THIG S@“H"XB"L‘MRPUOF A36 GLTEIS 45,700 69,900

a0 S07G SHBUFFER/ROLLED 1B A Lones 54,260 73,500

354 TI80 6930 (HLE 1007 G040 D190 OB A0 G 4
360 0340 0750 0012 0005 2020 0420 0000 9440 ¢08E 4
252 0050 0670 DO G008 0030 6220 0000 GOS0 GURL 4
235 0320 9330 0010 0.00F 0.020 D230 DA OAT0 2406 4

250 167 076D OA11 8608 0020 Q.00 GOIR 0160 00 4

o
m
o
m
L
$ Upwn delivery, all materizle sabjest tr Teinity Highway Products , LLC Storsge Stain Policy Mo, LG-002.
] ALE. STBEL USEN %/ AS MELTEDR AND MANUPACTURRD IN USA AND OCMPLIBS WITH THR BUY AMERICA ACT.
= ALL GUARDRATL MEETS AASHTO M-180, ALL STRUCTURAIL STEEL MEETS ASTM A36 )
ALL OTHER GALVANIZED MATERIAL CONFORMS WITH ASTM-123.
&8 BOLTE COMPLY WITH ASTM A-307 SPECTFICATIONS AND ARE GALVAMNMZED N ACCORDANCE WITH ASTM A-153, ‘!JNLBSS OTHERWISE STATETY.
& WOTS COMPLY WITH ASTM 4563 SPECIFICATIONS ANI} ARE GALVANIZED IN ACCORDANCE WITH ASTR A-153, UNLESS OTHERWISE STATED.
- A" DIA CABLE 6X19 TINC COATED SWAGED END AISI C-1035 STEEL ANNEALED STUE 1" DIA ASTM44% AASHTO M3Q, TYPE H BREAKING
e STREMGTH ~ 42160 LB
.
o State of Toxnas, County of Tacront. Smom and subscribed befose me this 20th day of Ture, 2008
g
= -
3 F {;;’“ )Mﬁgg&, Rpﬂ a1 Trnity Highway Products, LLC :
Srage Cextified By: - :
,w& Mr?cmn,;:?ag;m ¢ ¥ MWQ Q/b'-. ﬁ.@ &

Figure C-15. Anchor Bearing Plate (North) Material Certificate, Test Nos. MNNW-1, MNNW-2, and MNNW-3

pr%%% ,
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January 31, 2019
MwRSF Report No. TRP-03-396-19

Kl Ty inborials i 000 Ref.B/L: 80791452
171 Cleage Dr (a[m]n] upe Date: 11.10.2017
Birmiaghem; Alabama, USA Customer: 179
35217 OO 4 owvision oF zekeLman iNDusTRIES
el:
Fax:
MATERIAL TEST REPORT
Sold to Shipped to
Steel & Pipe Supply Compan i
2 Tets 5738 s Sy Compr
MANHATTAN KS 66505 NEW CENTURY I!S 66031
USA USA
Matarial: 3.0x2.0x188x40'0"0(5x4). Material No: 0300201884000-B Made in: USA
Melted in: USA
Sales order: 1226976 Purchase Order: 4500296656 Cust Material #: 6630020018840
Heat No c Mn P s si Al Cu Cb Mo Ni Cr v Ti B N
B704212 0.200 0.450 0.010 0.004 0.020 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00C 0.000
Bundle No PCs Yield Tensile Eln.2in Certification CE: 0.28
20867002 20 064649 Psi 087652 Psi 24 % ASTM A500-13 GRADE B&C
Material Note:
Sales Or.Note:
Material: 2.375x154x42'0"0{34x1). Material No: R023751544200 Made in: USA
Melted in: USA
Sales order: 1226976 Purchase Order: 4500296656 Cust Material #: 642004042
HestNo - G - Mn — P §— -8 Al “TCu Ch T Me T N e vV T B N
7"B712810/ 0.210 0.460 0012 0.002 0.020 0.024 0.100 0.002 0.020 0.030 0.060 0.004 0.002 0.000 0.008
Bundle No PCs Yield Tensile Eln.2in Rb Certification CE: 0.32
MCO0006947 34 063688 Psi 083220 Psi 25 % 91 ASTM A500-13 GRADE B&C
Material Note:
Sales Or.Nots:
Material: 2.375x154x42'0"0(34x1). Matorial No: R023751544200 Made in: USA
Moeited in: USA
Sales order: 1226976 Purchase Order: 4500296656 Cust Material #: 642004042
Heat No c Mn P s si Al Cu Cb Mo Ni cr v Ti B N
17037261 0.210 0.810 0.005 0.004 0.020 0.000 C.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Bundle No PCs Yield Tensile Eln.2in Certification CE: 0.35
41532001 34 066144 Psi 082159 Psi 27 % ASTM A500-13 GRADE B&C
Material Note:

Sates Or.Note:

%.”W
Authorized by Quality A

The results reported on this report represent the actual attributes of the material furnished and indicate full compliance with all applicable
specification and contract requirements.

Istﬂélg S D1.1 method.
glnsﬂt;‘l?em Page : 3 OF 4 ¢8> Metals Service Center Institute

“ OF NORTH AMERICA

Figure C-16. BCT Post Sleeve Material Certificate, Test Nos. MNNW-1, MNNW-2, and
MNNW-3
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Portland Bolt

& MANUFACTURING COMPANY

NP

Phone: 800-547-6758 | Fax: 503-227-4634
3441 NW Guam Street, Portland, OR 97210

Web: www.portlandbolt.com | Email: sales@portlandbolt.com

January 31, 2019
MwRSF Report No. TRP-03-396-19

D e +
For: CASH SALE
PB Invoice#: 103293
Cust PO#: MIDWEST ROADSIDE
Date: 9/29/2017
Shipped: 10/03/2017

We certify that the following items were manufactured and tested in accordance

with the chemical, mechanical,
specifications referenced.

dimensional and thread fit requirements of the

Description: 1-1/4 X 14 GALV ASTM A307A ROUND HEAD BOLT

T—ﬁé;;%;—;;éii; ______ T Base Steel: A36 Diam: 1-1/4

Source: CASCADE STEEL RLG MILL Proof Load: 0

€ ¢ 3180 Mn: .680 P : .016 Hardness: 0

S : .018 Sii .220 Ni: .080 Tensile: 70,000 PSI RA: 65.00%
Ccr: 1150 Mo: .024 Cu: .240 Yield: 41,200 PSI Elon: 32.00%
Pb: .000 v .000 Cb: .000 Sample Length: 8 INCH

N : .000 CE: .3178 Charpy: CVN Temp:
Description: 3/4 X 18 GALV ASTM A307A ROUND HEAD BOLT

T-ﬁé;;é;_iééii; ______ T Base Steel: A36 Diam: 3/4

Source: CASCADE STEEL RLG MILL Proof Load: 0

€ ¢ 170 Mn: .680 P : .012 Hardness: 0

s : .012 Si: .270 Ni: .060 Tensile: 73,500 PSI RA: 42.00%
Cr: .100 Mo: .021 Cu: .240 Yield: 49,200 PSI Elon: 27.00%
Pb: .000 v .002 Cb: .000 Sample Length: 8 INCH

N : .000 CE: .3017 Charpy: CVN Temp:

205

Figure C-17. Round Head Bolts Material Certificate, Test Nos. MNNW-1 and MNNW-2



January 31, 2019
MwRSF Report No. TRP-03-396-19

& MANUFACTURING COMPANY

M\'} Portland Bolt | camszzzcars of comvomic |

For: CASH SALE
PB Invoice#: 103293

Phone: 800-547-6758 | Fax: 503-227-4634 Cust PO#: MIDWEST ROADSIDE
3441 NW Guam Street, Portland, QR 97210 Date: 9/29/2017
Web: www.portlandbolt.com | Email: sales@portlandbolt.com Shipped: 10/03/2017

We certify that the following items were manufactured and tested in accordance
with the chemical, mechanical, dimensional and thread fit requirements of the
specifications referenced.

Nuts:
ASTM A563A HEX

Coatings:
ITEMS HOT DIP GALVANIZED PER ASTM F2329/A153C

)

o

/ _z ks

-~

By: il
( @értification Department Quality Assurance
Dane McKinnon

Figure C-18. Hex Nut Certificate of Conformance, Test Nos. MNNW-1 and MNNW-2
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Certified Material Test Report to BS EN 10204-2004 3.1
FOR ASTM A307, GRADE A HEX MACHINE BOLTS

January 31, 2019
MwRSF Report No. TRP-03-396-19

FACTORY:  IFl & Morgan Ltd. Haiyan Office DATE: SEP 10 2016
ADDRESS: Haiyan, Zhejiang, China MANU DATE: SEP 01 2016
TEL:(00852)25423366 MFG LOT NUMBER: GL16088-5
CUSTOMER:  FASTENAL PO NUMBER: 220021131
PART NO: 91986

SAMPE SIZE: ASME B18.8 CATEGORY 2-2011: ASTM Fi470-2012 TABLE 2
MANU QTY: 720 PCS SHIPPED QTY: 720 PCS
SIZE: 3/4-10x 18 HDG
HEADMARKS: 307A + X<
STEEL PROPERTIES:
STEEL GRADE: Q195L.D HEAT NUMBER: 184335
CHEMISTRY SPEC: C % Mn% P % S %

0.29 max [1.20 max_[0.04max__]0.15max
TEST: 0.08) 0.37 0.028 0.026
DIMENSIONAL INSPECTIONS SPECIFICATION: ASME B18.2.1 - 2015
CHARACTERISTICS SPECIFIED ACTUAL RESULT ACC. REIL
APPEARANCE ASTM F788/F788M-13 PASSED 18 0
THREAD ANSI B1.1-2003(R08)-2A PASSED 13 0
WIDTH FLATS 1.125-1.088 1.112-1.110 3 0
WIDTH A/C 1.299-1.240 1.245-1.243 3 0
HEAD HEIGHT 0.524-0.455 0.476-0.474 3 0
BODY DIA. 0.768-0.729 0.738-0.736 3 0
THREAD LENGTH Min 2.000 PASSED 3 0
LENGTH 18.140-17.820 18.998-17.983 3 0
MECHANICAL PROPERTIES: SPECIFICATION: ASTM A307-2014 GR-A
CHARACTERISTICS TEST METHOD SPECIFIED ACTUAL RESULT ACC. REL
CORE HARDNESS : ASTM F606-2013 Max 100 HRB 79-84 HRB 3 0
WEDGE TENSILE: ASTM F606-2013 Min 60 KSI 70-74 KSI 3 0
ELONGATION IN 2 in. ASTM F606-2013 Min 18 % 19-21% 3 0
CHARACTERISTICS TEST METHOD SPECIFIED ACTUAL RESULT C REL
COATINGS OF HOT DIP ZINC SPECIFIATION: ASTM [2329-2013
Coating thickness ASTM B568-98(201+ Min0.0017" 0.0020" 13 [¢]

ALL TESTS IN ACCORDANCE WITH THE METHODS PRESCRIBED IN THE APPLICABLE
; RESENTATION OF
G LABORATORY.

S~REP]

SIGNATURGOWIG AT EAB Thdpe
(NAME O NANLIEACTE

Figure C-19. Round Head Bolt Material Certificate, Test No. MNNW-3
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I1SO/TS 16949

BURCAUVERIAS GEM-YEAR TESTING LABORATORY
CERTIFICATE OF INSPECTION
MANUFACTURER :GEM-YEAR INDUSTRIAL CO., LTD. Tel: (0573)84185001(48Lines)
ADDRESS : NO.8 GEM-YEAR Fax: (0573)84184488 84184567
ROAD,E.D.Z.,JIASHAN,ZHEJIANG,P.R.CHINA DATE : 2018/02/05

PURCHASER : FASTENAL COMPANY PURCHASING PACKING NO : GEM170930008
PO. NUMBER : 220025818 INVOICENO: GEM/FNL-1710261IN-1
COMMODITY : HOT FORM HEX MACHINE BOLT GR-A PARTNO: 91986
SIZE : 3/4-10X18 NC SAMPLING PLAN :
LOTNO: 1B1782484 ASME B18. 18-2011 (Category. 2) /ASTM F1470-2012
SHIP QUANTITY : 480 PCS HEAT NO : 17308059-3

LOT QUANTITY 481 PCS MATERIAL : X1008A
HEADMARKS : CYI & 307A FINISH : HOT DIP GALVANIZED PER ASTM A153-

2009/ASTM F2329-2013
MANUFACTURE DATE : 2017/09/16

COUNTRY OF ORIGIN : CHINA

PERCENTAGE COMPOSITION OF CHEMISTRY:ACCORDING TO ASTM A307-2014

Chemistry AL% C% MN% P% S% SI%
Spec. : MIN.

O MAX 0.3300 1.2500 0.0410 e
Test Value 0.0380 0.0800 0.27000 0.0160 0.0060 0.0300

DIMENSIONAL INSPECTIONS :ACCORDING TO ASME B18. 2. 1-2012
SAMPLED BY : CLYAN

INSPECTIONS ITEM %SAMPLE SPECIFIED ACTUAL RESULT ACC. REJ.
THREAD LENGTH 9PCS 2.0000 inch 6.2260-6.2300 inch 9. ¢
MAJOR DIAMETER 9PCS 0. 7370-0. 7500 inch 0.7440-0.7460 inch 9. ¢
BODY DIAMETER 3PCS 0. 7290-0. 7680 inch 0.7450-0.7460 inch 3. 0
WIDTH ACROSS CORNERS 3PCS 1. 2400-1. 2990 inch 1.2760-1.2780 inch 3 0
HEIGHT 3PCS 0. 4550-0. 5240 inch 0.4960-0.4970 inch 3 0
NOMINAL LENGTH 9PCS 17. 8200-18. 1400 inch 17.9190-17.9270 inch 9 0
WIDTH ACROSS FLATS 3PCS 1. 0880-1. 1250 inch 1. 1080-1. 1100 inch 3: 0
SURFACE DISCONTINUITIES 11PCS ASTM F788-2013 PASSED 11 0
THREAD 9PCS ASME B1. 1-2003 nut PASSED 9 0

MECHANICAL PROPERTIES : ACCORDING TO  ASTM A 307-2014
SAMPLED BY : LUYI

INSPECTIONS ITEM | SAMPLE  TESTMETHOD REF  SPECIFIED ACTUAL RESULT  ACC. REJ.
CORE HARDNESS | QPCS | ASTM F606-2016 | | Max. 100 HRB T6-84HRB 9| 0
TENSILE STRENGTH . 3PCS  ASTM F606-2016 | Min. 60 KS 27TKSI 3. 0
PLATING THICKNESS( um) 5PCS ASTM B568-1998 = 78.03-85.9 5. O

WE CERTIFY THAT THIS DATA IS A TRUE REPRESENTATION OF INFORMATION PROVIDED BY THE MATERIAL SUPPLIER
AND OUR TESTING LABORATORY .WHICH ACCREDITED BY ISO/IEC17025(CERTIFICATE NUMBER:3358.01)
WE CERTIFY THAT THE PRODUCTS SUPPLIED ARE IN COMPLIANCE WITH THE REQUIREMENTS OF THE ORDER

Quality Supervisor: }—L,(/U

page 1 of 1

Figure C-20. Round Head Bolt Material Certificate, Test No. MNNW-3
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LOWES

LOUE'S HOME CENTERS, LLC
6101 APPLES WAY
LINCOLN, NE 68516  (402) 420-3660

- SALE -
SRLESH: $2739LU1 1792969 TRANSH: 9000561 01-03-18

184382 30-LB 16D 3-1/2-IN HG RS 64.97

SUBTOTAL: b4.97

TOTAL TAX: 0.00

TNUDICE 09296 TOTAL: 64.97
VISh: b4.97

VISA: XXKXXXKXXXKXB926 ANGUNT:64.97 AUTHCD: 047244
CHIP REFID:273309263066 01/03/18 11:29:35
CUSTOMER CODE: .

ApL: UISA CREDIT  TUR: 0080008000
A10: A000000003101001 T81: F800

S >

STURE: 2139 TERMINAL: 09 01/03/18 11:30:20
# OF ITEMS PURCHASED: 1
EXCLUDES FEES. SERUICES AND SPELIAL ORDER ITEMS
M
(A0 i AL RO
MW‘ }l ‘ {! {il } Il (EY
THANK YOU FOR SHOPPING LOWE'S.

SEE REVERSE SIDE FOR RETURN POLICY.
STORE HANAGER: RYAN LOVE

LOVE'S PRICE MATCH GUARANTEE
FOR NORE DETAILS, VISIT LOWES . COM/PRICEMATEH

mMnunu*nxunwnw«xm‘nuuunh*xunuxux»‘
YOUR OPIHIONS COUNT!
RERISTER FOR A CHANCE TO BE
ONE OF FIVE $300 WINHERS DRAUN NONTHLY!
{REGISTRESE EN EL SORTEQ HENSURL
PARA SER UND DE LOS CI6CO GANADORES DE 300!

5w e

REGISTER BY COMPLETING A GUEST SATISFACTION SURVEY
WITHIN ONE WEEK RT: Wy 10¥es. Con/survey
YOUR 1D# 0929 2739 003

x % % X N
*%%x*##*!xq&

* HO PURCHASE NECESSARY TO ENTER OR WIN.
% UOID WHERE PRONIBITED. MUST BE 16 OR OLDER TO ERVER. ¥
« QFFICIAL RULES & WINHERS AT: uww.lowes.con/survey ¥
RS SRTILERLELE KR ERRERRRREFRR KX KRERTER

STORE: 2739 TERMINAL: 09 01/03/18 11:30:20

Figure C-21. Shank Nail Receipt, Test Nos. MNNW-1, MNNW-2, and MNNW-3
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GR A mGER Certificate of Conformance W.W. Grainger, Inc.
; 100 Grainger Parkway

1§ G Lake Forest, IL. 60045-5201
February 15 2018

Attn: SHAUN M TIGHE
SHAUN M TIGHE
CANFIELD ADMINISTRATION
BLDG

LINCOLN, NE, 68588-0439

Fax #
Grainger Sales Order #: 1309088366
Customer PO #: E000480344

Dear SHAUN M TIGHE

As you requested, we are providing you with the following information. We certify that, to the best of Grainger's
actual knowledge, the products described below conform to the respective manufacturer's specifications as
described and approved by the manufacturer.

Item # Description Vendor Part # Catalog Page # Order Quantity

31JJ25 Deck Screw,Bugle,#8,2- U30250.016.0250 2107 5.000
1/2,Star,SST,PK2

Mo Lt

Shea Gallup

Process Management Analyst
Compliance Team

Grainger Industrial Supply

Figure C-22. Screw Certificate of Conformance, Test Nos. MNNW-1, MNNW-2, and MNNW-3
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Concrete Product Solutloné
January 1, 2018

CERTIFICATE OF COMPLIANCE

Product Name or Description:

All CONAC Lifting Devices including DR Anchors, A-Anchors, Flat System
Anchors and Clutches, Coil Inserts, Wire Rope Anchors and Threaded
Lifting System Inserts.

This is to certify that the above lifting and handling products have been
manufactured and tested in accordance with the quality control plan established
by ISO 9001 certified manufacturers and meet or exceed OSHA 29 CFR
1926.704 when compared to the listed catalog rating for the lifting device.

This document certifies each manufactured product can be related to a quality
control plan. The manufacturing quality control tests can be made available upon
written request and when appropriate.

The rated capacities are for mechanical capacity of the listed anchor or insert
only. Placement, edge distances, embedment depth, concrete strength,
attachment device, sling angles, and rigging consideration are not part of this
certificate of compliance.

Michael Azarin, President \_J
CONAC, Concrete Accessories of GA Inc.

Date: 1/1/72018

QMF-029 Rev. 0 New 11-14-13 (11.0)
Lifting Insert Certificate of Compliance 127

Figure C-23. Bolt and Washer Certificate of Compliance, Test Nos. MNNW-1, MNNW-2, and
MNNW-3
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Date: 2/19/2018
P.O. Box 21148

Tulsa, OK 74121
Customer: UNIVERSITY OF NEBRASKA-LINCOLN P: 800-879-3000

F: 800-379-7000
Customer PO: MnDOT Noise Wall

Subject: Certificate of Conformance - Hilti HDI Anchors
Quantity: 100 PCS / 336429 / Flush anchor HDI 3/4
To Whom it May Concern:

This is to certify that Hilti HDI Drop in Expansion Anchors, supplied on the above purchase order, are manufactured of
mild carbon steel and are plated in accordance with the requirements of Federal Specification QQ Z 325C, superseded by
ASTM B633 85,Type lll, Class Fe/Zn 5.

The anchors conform to the description provided in Federal Specification FF S 325, Group VIII, Type I.

Sincerely,

. Ny

B. Mitchell, Certification Specialist

HILTI, Inc.
coc7

Figure C-24. Concrete Anchor Certificate of Conformance, Test Nos. MNNW-1, MNNW-2, and
MNNW-3
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PYPE I SC4 <

Figure C-25. Concrete Anchor Certificate of Conformance, Test Nos. MNNW-1, MNNW-2, and
MNNW-3
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TEST REPORT

CUSTOMER:

PO NUMBER: 220024765
SIZE: 1-1/4
HEADMARKS:

USS FLAT WASHER, HDG

DATE: 2017-07-12
MFG LOT NUMBER: M-SWE0411982-34
PART NO: 33189

QNTY: 9,000 PCS

DIMENSIONAL INSPECTIONS

SPECIFICATION: ASME B18.21.1(2009)

CHARACTERISTICS SPECIFIED ACTUAL RESULT ACC. REJ.
APPEARANCE ASTM F788-07 PASSED 100 [}
OUTSIDE DIA 2.993-3.030 2.998-3.001 8 0
INSIDE DIA 1.368-1.405 1.393-1.395 8 0
THICKNESS 0.136-0.192 0.141-0.146 8 0
ASTM A153 class
HOT DIP GALVANIZED C. RoHS Min 0.0017" Min 0.0018In 8 0
Compliant

ALL TESTS IN ACCORDANCE WITH THE METHODS PRESCRIBED IN THE APPLICABLE ASTM SPECIFICATION.
WE CERTIFY THAT THIS DAIA IS A TRUE REPRESENTATION OF INFORMATION PROVIDED BY THE MATERIAL
SUPPLIER AND OUR TESTING LABORATORY.

MFG ISO 9001:2015 SGS Certificate # HK04/0105

QUANLITY CONTR(
(SIGNATURE.OF Q.A-AB MGR.)

(NAME OF MANUFACTURER)

IFI & MORGAN LTD.

ADDRESS: Chang'an North Road, Wuyuan Town, Haiyan, Zhejiang, China

Figure C-26. Round Washer Material Certificate, Test Nos. MNNW-1, MNNW-2 and MNNW-3
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3/4" x 2.000" OD Low Carbon Zinc Finish Steel USS General Purpose Flat Washer

CERTIFIED MATERIAL TEST REPORT
FOR USS FLAT WASHERS ZP

FACTORY: IFI & MORGAN LTD REPORT DATE: 2017-12-04
ADDRESS: Chang'an North Road, Wuyuan Town, Haiyan, Zhejiang, China
MANUFACTURE DATE: 2017-12-04

COUNTRY OF ORIGIN: CHINA

CUSTOMER: FASTENAL MFG LOT NUMBER: 17H168220-3

SAMPLING PLAN PER ASME B18.18-11 PO NUMBER:210136785

SIZE:__3/4 ZP QNTY (Lot size): 33600PCS

HEADMARKS: NO MARK PART NO: 1133018

DIMENSIONAL INSPECTIONS SPECIFICATION: ASTM B18.21.1-2011

CHARACTERISTICS SPECIFIED ACTUAL RESULT  ACC. REJ.
9 *% *kk sokckkokk

APPEARANCE ASTM F844 PASSED 100 0

OUTSIDE DIA 1.993-2.030 1.999-2.015 10 0

INSIDE DIA 0.805-0.842 0.819-0.828 10 0

THICKNESS 0.122-0.177 0.128-0.157 10 0

CHARACTERISTICS TEST METHOD SPECIFIED ACTUAL RESULT ACE., . REJ.‘ ‘

EES LT L3 sk sioR R KoK

ZINC PLATED ASTM F1941 Min 3 um 3.9-5.1um 8 0

ALL TESTS IN ACCORDANCE WITH THE METHODS PRESCRIBED IN THE APPLICABLE
ASTM SPECIFICATION. WE CERTIFY THAT THIS Dam\QR( REPRESENTATION OF
INFORMATION PROVIDED BY THE MATERIAL SUP R AND O TING LABORATORY.

<, =
\l
MFG 1S09002 CERTIFICATE NO.HK04/0105 Bt S

QUANLITY CONTROL

(SIGNAT OF QA. LAF"MGR.)
(NAME OF ACTURER)

iobL*0|
g@ M AT FHAR

Figure C-27. Round Washer Material Certificate, Test Nos. MNNW-1, MNNW-2 and MNNW-3
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Appendix D. Static Soil Tests
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e =1 i ﬁ*l: - J[‘iﬁll !‘]li[lfl
1T 1 = i H
, B = Ema
[ [ | el
Dynamic Set up Static Load Test Post-Test Photo of Post
Ve |
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] ?‘ v
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i o (= Wil
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e 1' 4\3" Dynamic Test Installation Details Instasl::::(c)::)st:tails a || -
Soil Gradation for Baseline Fill Soil
100
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5 80 \\
£ 70
L 60 \
$ 50
g 40 \
a 30
30 N e
10 ﬁr...-
0 T
100 0.1 0.01
Grain Size, D (mm)
666 Comparison of Load vs. Deflection
25000 Dynamic Test (Acc)
= 20000 N Dynamic Test (L.C.)
1 \
£ 15000 S
) TN e = e Dynamic Test
= 10000 \ Required Min.
- - - - - . - - Static Test
5000
i
0 — |
0 5 10 15 20 25 30
Deflection (in.)
DALE: ooorommmvmms sem fem s e A e R AR R T 2/16/2018
Test Facility & Site Location...........cccceuvnees Midwest Roadside Safety Facility
In situ soil description (ASTM D2487).......... Well-Graded Gravel (GW)
Fill material description (ASTM D2487)........ Well-Graded Gravel (GW) (see sieve analyses above)
Description of fill placement procedure....... H.E.-8
Bogie Weight. ... csuusicssiaissisavinmsssmsisssssns 1786 Ib 810 kg
Impact VeloCity. ..icciiaasmvivensssimnsssvansas 20.9 mph 33.7 km/h

Figure D-1. Soil Strength, Initial Calibration Tests, Test No. MNNW-1
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Static Load Test Setup Post-Test Photo of Post
7 .’,' | . s -
6000
Baseline Static
5000 Test
— e \inimum Load
é B0 (90% Baseline)
g 3000 = mnnw-1-s1 - Load
2 Cell1
2000 iy SRR *mnnw-1-s1 - Load
! M&" N v Cell 2
1000 - . -
| ]
0
0 5 10 15 20 25 30 35
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SOIL GRADATION
100
90 ‘\
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(=
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) \\
a
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20 \\
10 T ——
0
100 10 1 0.1 0.01
Grain Size, D (mm)
== ~-- Baseline Soil —#— mnnw-1-s1 Soil
B | 2/27/2018
Test Facility & Site Location....................... Midwest Roadside Safety Facility
In situ soil description (ASTM D2487).......... Well-Graded Gravel (GW)
Fill material description (ASTM D2487)........ Well-Graded Gravel (GW) (see sieve analyses above)
Description of fill placement procedure....... 8-inch lifts tamped with a pneumatic compactor

Figure D-2. Static Soil Test, Test No. MNNW-1
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Appendix E. Vehicle Deformation Records

219



January 31, 2019
MwRSF Report No. TRP-03-396-19

Date: 212712018 Test Name: MNNW-1 VIN: 1D7RB1CT0AS214480
Year: 2010 Make: Dodge Model: RAM 1500 Crew

VEHICLE PRE/POST CRUSH
FLOORPAN - SET 1

X Y Z X Y' VA AX AY AZ Crush
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
1 62.399 | 44.043 7.112 61.704 | 42.753 7.149 0.694 1.290 0.038 0.696
, = 2 62.873 | 42.163 5.941 62.632 | 41.612 5.705 0.241 0.551 -0.236 0.337
- 3 63.176 | 39.956 4.667 62.694 | 39.400 4.063 0.482 0.556 -0.604 0.773
E % 4 63.255 | 36.168 4.779 62.887 | 35.546 4.247 0.368 0.623 -0.532 0.647
w 5 62.078 | 33.799 6.451 61.372 | 34.305 6.154 0.706 -0.506 | -0.297 0.766
E T 6 60.988 | 32.213 7.467 60.240 | 32.624 7.152 0.748 -0.411 -0.316 0.812
= 7 60.482 | 44.199 | 4.192 59.457 | 41.729 4.209 1.026 2.469 0.018 1.026
8 60.503 | 42.564 3.281 59.902 | 41.762 2.844 0.600 0.802 -0.437 0.743
9 60.365 | 40.144 3.062 59.864 | 39.448 2.495 0.502 0.696 -0.567 | -0.567
10 60.325 | 37.635 3.119 59.824 | 36.442 2.692 0.501 1.194 -0.427 | -0.427
11 60.055 | 34.393 3.875 59.692 | 34.028 3.331 0.363 0.366 -0.544 | -0.544
12 59.128 | 32.562 6.231 58.411 | 32.812 5.943 0.716 -0.251 -0.289 | -0.289

13 56.066 | 45.797 0.949 |Bad Data|Bad Data|Bad Data| Bad Data | Bad Data| Bad Data | Bad Data

14 55.979 | 43.582 1.010 |Bad Data|Bad Data| Bad Data| Bad Data | Bad Data| Bad Data | Bad Data
15 56.179 | 39.819 1.082 55.633 | 38.833 0.974 0.546 0.986 -0.109 | -0.109
16 56.365 | 37.240 1.163 55.860 | 36.383 0.497 0.505 0.857 -0.666 | -0.666
- 17 56.208 | 34.439 1.673 55.774 | 33.787 0.762 0.434 0.652 -0.911 -0.911
g 18 55.300 | 31.997 | 4.308 54.706 | 31.868 3.680 0.594 0.129 -0.628 | -0.628
o 19 49.143 | 45715 | -0.827 | 48.727 | 45.054 | -0.834 0.416 0.661 -0.007 | -0.007
8 20 49212 | 42.990 | -0.697 | 48.833 | 42482 | -1.054 0.378 0.508 -0.358 | -0.358
& 21 49.343 | 39.749 | -0.689 | 48.927 | 39.270 | -1.309 0417 0.480 -0.620 | -0.620
22 49.270 | 37.779 | -0.678 | 48.929 | 37.330 | -1.279 0.341 0.449 -0.601 -0.601
23 49.444 | 34.849 | -0.692 | 48.985 | 34.312 | -1.238 0.459 0.537 -0.545 | -0.545
24 49.383 | 30.343 | -0.500 | 49.029 | 29.884 | -1.015 0.354 0.460 -0.515 | -0.515
25 39.337 | 44951 | -1.108 | 38.992 | 44418 | -2.423 0.345 0.534 -1.315 | -1.315
26 39.319 | 41171 | -1.078 | 39.105 | 40.718 | -1.798 0.214 0.453 -0.720 | -0.720
27 39.337 | 35681 | -1.046 | 38.991 | 35.287 | -1.664 0.346 0.393 -0.618 | -0.618
28 39.166 | 31.678 | -1.005 | 38.816 | 31.318 | -1.465 0.350 0.360 -0.461 -0.461
29 33.153 | 40.319 2.876 32.983 | 40.041 2.400 0.170 0.277 -0.476 | -0.476
30 33.374 | 30.343 2.929 33.108 | 30.143 2.660 0.266 0.199 -0.269 | -0.269

Note: A positive value for AX, AY, and AZ will denote crushing inward toward the occupant compartment

DASHBOARD i /

23 2221 20 19

28 27 26 25

0 29

DDDR—\ /DDDR

Figure E-1. Floor Pan Deformation Data — Set 1, Test No. MNNW-1
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Date: 2/27/2018 Test Name: MNNW-1 VIN: 1D7RB1CT0AS214480
Year: 2010 Make: Dodge Model: RAM 1500 Crew
VEHICLE PRE/POST CRUSH
FLOORPAN - SET 2
X Y Z X' Y Z AX AY AZ Crush
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in) |
1 62.867 22.673 2.963 62.475 21.347 2.067 0.392 1.326 -0.896 0.978
.2 2 63.286  20.781 1.791 63.350 20.168 0.620 -0.064 0.613 -1.171 1.173
= g 3 63.525  18.567 0.516 63.325 17.943 | -1.006 0.200 0.624 -1.521 1.534
é < 4 63.500 14.778 0.628 63.405 14.086 -0.794 0.095 0.692 -1.422 1.425
w w 5 62.262 12.442 2.302 61.878 12.906 1.141 0.384 -0.464 -1.161 1.223
,9 % 6 61.130 10.886 3.320 60.708 11.266 | 2.165 0.422 -0.380 | -1.155 1.230
= 7 60.948 @ 22.882 0.048 60.160 20.369 -0.837 0.788 2.513 -0.885 1.185
8 60921 21.248 | -0.863 | 60.590 20.379 | -2.208 0.332 0.869 -1.345 1.386
9 60.717 18.833 -1.083 60.478 18.064 -2.539 0.239 0.768 -1.456 -1.456
10 60.608 16.326 | -1.025 | 60.351 15.062 | -2.318 0.257 1.264 -1.292 | -1.292
11 60.250 13.093 | -0.269 | 60.155 12.658 | -1.659 0.095 0.435 -1.390 | -1.390
12 59.278 11.287 2.088 58.871 11.501 0.977 0.407 -0.214 -1.111 -1.111
13 56.570 24.603 | -3.184 |Bad Data Bad Data|Bad Data|Bad Data| Bad Data|Bad Data | Bad Data
14 56.422  22.391 -3.124 |Bad Data Bad Data|Bad Data|Bad Data | Bad Data|Bad Data | Bad Data
15 56.518 18.624 | -3.052 | 56.212 17.565 | -4.003 0.307 1.059 -0.951 -0.951
16 56.633 16.041 -2.973 56.359 15.106 -4.464 0.274 0.935 -1.492 -1.492
- 17 56.401  13.245 | -2.463 | 56.199 12.516 | -4.178 0.201 0.729 -1.715 | -1.715
E 18 55431  10.829 0.174 55111  10.652 | -1.233 0.320 0.177 -1.406 | -1.406
x 19 49643 = 24.712 -4.944 49472  23.977 -5.773 0.171 0.735 -0.829 -0.829
8 20 49.637 21.987 -4.814 49.499 21.402 -5.974 0.138 0.585 -1.161 -1.161
T 21 49679 18.743 | -4.807 | 49.493 18.186 | -6.206 0.186 0.557 -1.399 | -1.399
22 49.551  16.776 | -4.797 | 49.438 16.247 | -6.161 0.113 0.529 -1.364 | -1.364
23 49644 13.842 | -4.811 49.404 13.230 | -6.097 0.240 0613 -1.286 | -1.286
24 49.459 9.340 -4.620 49.319 8.804 -5.841 0.141 0.536 -1.221 -1.221
25 39.819  24.220 -5.201 39.704 23.621 -7.236 0.115 0.598 -2.035 -2.035
26 39.697 20.442 -5.172 39.713 19.925 -6.585 -0.017 0.517 -1.413 -1.413
27 39.564  14.953 | -5.141 39.439  14.501 | -6.407 0.124 0.452 -1.266 | -1.266
28 39.282 10.956 | -5.100 | 39.148 10.541 | -6.176 0.133 0.416 -1.076 | -1.076
29 33.519  19.759 | -1.203 | 33.628 19.463 | -2.306 | -0.109 0.296 -1.102 | -1.102
30 33.465 9.780 -1.153 33.460 9.567 -1.972 0.005 0.213 -0.819 -0.819

Note: A positive value for AX, AY, and AZ will denote crushing inward toward the occupant compartment
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Figure E-2. Floor Pan Deformation Data — Set 2, Test No. MNNW-1
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January 31, 2019
MwRSF Report No. TRP-03-396-19

Date: 2/27/2018 Test Name: MNNW-1 VIN: 1D7RB1CT0AS214480
Year: 2010 Make: Dodge Model: RAM 1500 Crew
VEHICLE PRE/POST CRUSH
INTERIOR CRUSH - SET 1
X Y z X Y' z AX AY AZ Crush
POINT (in.) (in.) (in.) (@in.) (in.) (in.) (in.) (in.) (in.) (in.)

1 48.955 | 15.740 i 32.214 | 48.807 | 16.019 | 32.170 | 0.149 -0.280 | -0.044 0.320
2 48.324 | 27.034 | 31.717 i 48.105 | 27.281 | 31.810 | 0.219 -0.246 0.093 0.342
% 3 48.437 : 33.033 : 31.424 | 48.036 | 33.217 | 31.435 | 0.401 -0.184 0.011 0.442
é 4 48.685 : 38.828 : 31.048 | 48.321 | 39.058 | 31.128 | 0.363 -0.230 0.080 0.438
5 43.919 | 28.545 | 20.783 | 43.562 | 28.602 | 21.008 | 0.357 -0.058 0.224 0.425
6 44.236 | 40.486 i 20.736 | 43.521 | 40.483 | 20.927 0.714 0.003 0.192 0.740
w o 7 53.686 : 48.791 3.989 | 52,536 i 43.781 | 4.430 1.150 5.010 0.441 5.010
% <Z( 8 53.785 | 48.809 7.777 | 52286 | 43.384 | 8.325 1.499 5.426 0.548 5.426
o 9 57.803 | 48.899 8.242 | 56.301 | 42.790 8.903 1.502 6.110 0.661 6.110
L 10 44.177 | 50.608 : 24.059 | 42.895 | 51.716 | 24.003 1.281 -1.108 | -0.055 | -1.108
% . 11 33.716 : 50.328 : 23.266 i 32.322 | 51.642 | 23.196 1.395 -1.314 | -0.071 | -1.314
— O 12 22.015 | 50.767 : 22.203 | 20.642 | 52.070 | 22.071 1.373 -1.304 | -0.133 | -1.304
2 8 13 38.886 : 51.646 7.303 i 37.339 | 49.090 7.445 1.547 2.557 0.142 2.557
% 14 32.925 | 51.074 : 3.066 | 31.254 | 48.852 3.270 1.670 2.222 0.204 2.222
- 15 23.262 | 50.507 6.641 | 21.652 | 49.589 6.911 1.610 0.918 0.270 0.918
16 37.722 | 15,164 : 47.755 | 37.667 | 15.768 | 47.430 | 0.055 -0.604 { -0.325 | -0.325
17 37.156 : 25.950 : 47.397 | 36.934 | 26.577 | 47.139 | 0.222 -0.627 | -0.258 | -0.258
18 37.048 | 37.146 i 46.815 | 36.860 | 37.791 | 46.525 | 0.188 -0.645 | -0.290 | -0.290
19 33.554 : 15.077 i 49.994 | 33.493 | 15.618 | 49.842 0.061 -0.541 | -0.152 | -0.152
20 32.293 | 24.342 : 50.016 i 32.109 | 24.912 | 49.857 0.183 -0.570 { -0.159 | -0.159
21 30.761 : 34.804 i 49.566 | 30.624 | 35.361 | 49.368 | 0.136 -0.557 | -0.198 | -0.198
L 22 29.562 | 14.873 : 50.616 | 29.392 | 15.436 | 50.491 0.170 -0.563 | -0.125 | -0.125
8 23 29.368 : 20.516 : 50.569 | 29.233 | 21.125 | 50.418 | 0.135 -0.609 { -0.151 | -0.151
& 24 27.860 | 27.948 i 50.435 | 27.687 | 28.582 | 50.291 0.173 -0.634 | -0.144 | -0.144
25 27.188 | 36.171 | 49.917 | 26.931 | 36.748 | 49.776 0.256 -0.577 -0.141 -0.141
26 25.757 { 15,688 : 50.935 | 25.601 | 16.194 | 50.837 0.156 -0.506 i -0.098 | -0.098
27 25.273 | 21553 i 50.887 | 25.131 | 22.065 | 50.772 0.142 -0.513 | -0.115 | -0.115
28 24.814 | 28.874 i 50.568 | 24.547 | 29.500 | 50.439 | 0.267 -0.626 | -0.129 | -0.129
29 23.813 | 36.112 : 50.226 | 23.585 | 36.691 | 50.092 0.228 -0.579 | -0.135 | -0.135
30 18.790 | 23.494 | 51.150 | 18.830 | 23.922 | 51.043 | -0.040 | -0.428 | -0.107 | -0.107
@ 31 51.751 | 47.310 i 32.789 | 51.352 | 48.149 | 32.452 0.399 -0.840 | -0.337 0.399
< < 32 45.446 | 45540 : 38.552 | 45.141 | 46.223 | 38.223 | 0.305 -0.684 | -0.330 0.305
E 33 41.372 | 44.443 | 41.008 | 41.043 | 45.059 | 40.702 0.329 -0.616 | -0.306 0.329
34 37.371 | 43.720 | 43.779 | 37.041 | 44.339 | 43.506 | 0.330 -0.619 | -0.274 0.330
35 9.239 | 43.819 i 42.046 9.031 | 44.075 | 41.917 0.208 -0.256 | -0.129 0.330
@ 36 12.511 : 44.571 | 40.562 | 12.241 | 44.932 | 40.527 0.271 -0.361 | -0.035 0.271
@ g 37 8.663 : 45505 i 36.083 8.467 | 45.488 | 35916 | 0.196 0.016 -0.168 0.196
5 38 13.325 : 46.567 | 34.746 | 13.039 | 46.822 | 34.621 0.286 -0.255 | -0.126 0.286
39 10.018 : 47.333 | 28.589 9.761 | 47.177 | 28.419 | 0.256 0.156 -0.170 0.300
40 14.183 | 47.676 | 24.265 | 14.002 | 47.623 | 24.101 0.180 0.053 -0.164 0.188

Note: A positive value for AX; AY, and AZ will denote crushing inward toward the occupant compartment

Figure E-3. Occupant Compartment Deformation Data — Set 1, Test No. MNNW-1
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January 31, 2019
MwRSF Report No. TRP-03-396-19

Date: 2/27/2018 Test Name: MNNW-1 VIN: 1D7RB1CT0AS214480
Year: 2010 Make: Dodge Model: RAM 1500 Crew
VEHICLE PRE/POST CRUSH
INTERIOR CRUSH - SET 2
X Y z X Y' z AX AY AZ Crush
POINT (in.) (in.) (in.) (@in.) (in.) (in.) (in.) (in.) (in.) (in.)

1 48.729 | -5.224 : 28.048 | 48.624 | -4.777 | 27.177 0.105 0.447 -0.871 0.985
2 48.408 6.083 | 27.543 | 48.242 6.497 | 26.748 | 0.165 -0.414 | -0.796 0.912
% 3 48.685 : 12.076 : 27.244 | 48.338 | 12.430 | 26.332 0.347 -0.354 | -0.913 1.039
é 4 49.092 : 17.862 : 26.863 | 48.788 | 18.259 | 25.980 | 0.304 -0.397 | -0.883 1.014
5 44.013 7.707 | 16.621 | 43.598 7.878 | 15.996 | 0.415 -0.172 | -0.625 0.769
6 44.659 : 19.634 i 16.563 | 43.808 | 19.754 | 15.834 | 0.761 -0.120 | -0.729 1.060
w o 7 54.285 : 27.663 : -0.219 | 52.788 | 22.682 i -0.803 1.496 4.981 -0.584 4.981
% <Z( 8 54.395 | 27.682 3569 | 52578 i 22.318 3.098 1.818 5.364 -0.471 5.364
o 9 58.416 : 27.661 4.022 | 56.581 | 21.612 3.627 1.835 6.049 -0.394 6.049
L 10 44.889 | 29.756 : 19.877 i 43.636 | 31.020 | 18.840 1.254 -1.264 | -1.037 | -1.264
% . 11 34.422 | 29.765 i 19.116 | 33.054 | 31.247 | 18.172 1.368 -1.482 | -0.945 | -1.482
— O 12 22,734 | 30.525 i 18.088 | 21.378 | 32.004 | 17.197 1.356 -1.479 | -0.891 | -1.479
2 8 13 39.579 : 30.928 3.137 | 37.790 i 28.447 2.375 1.788 2.481 -0.762 2.481
% 14 33.501 : 30.517 : -1.082 | 31.647 | 28.357 i -1.718 1.944 2.160 -0.637 2.160
- 15 23.928 | 30.220 2,523 | 22.119 | 29.395 2.044 1.809 0.825 -0.479 0.825
16 37.531 | -5478 : 43.623 | 37.681 | -4.607 | 42583 | -0.151 0.872 -1.040 | -1.040
17 37.261 5.319 | 43.257 i 37.256 6.217 | 42.227 0.005 -0.898 | -1.031 | -1.031
18 37.461 | 16.514 : 42.666 | 37.497 | 17.424 | 41535 | -0.036 | -0.910 | -1.131 | -1.131
19 33.369 : -5.449 : 45.874 | 33.537 | -4.621 | 45.050 | -0.168 0.828 -0.824 | -0.824
20 32.363 3.848 | 45.892 | 32.422 4.710 | 45.019 | -0.058 | -0.862 | -0.874 | -0.874
21 31.119 : 14.347 : 45438 | 31.231 | 15193 | 44.476 | -0.112 | -0.846 | -0.961 | -0.961
L 22 29.374 | 5542 : 46.508 | 29.441 | -4.680 | 45.754 | -0.067 0.862 -0.753 | -0.753
8 23 29.336 0.105 | 46.457 i 29.445 1.011 | 45.644 | -0.110 | -0.906 { -0.813 | -0.813
@ 24 28.033 7.575 | 46.321 | 28.112 8.508 | 45485 | -0.080 | -0.934 ! -0.836 | -0.836
25 27.586 : 15.813 : 45.798 | 27.586 | 16.689 | 44.923 | 0.001 -0.876 | -0.875 | -0.875
26 25.504 | -4.622 : 46.838 | 25.678 | -3.811 | 46.144 | -0.084 0.812 -0.693 | -0.693
27 25.272 1.254 : 46.786 | 25.377 2.071 | 46.045 | -0.104 | -0.818 | -0.741 | -0.741
28 25.015 8.584 | 46.462 | 25.003 9.517 | 45.668 | 0.012 -0.933 | -0.794 | -0.794
29 24.212 : 15.847 : 46.118 | 24.244 | 16.731 | 45.284 | -0.031 | -0.884 | -0.834 | -0.834
30 18.846 3.374 | 47.067 { 19.136 { 4.110 | 46.385 | -0.290 | -0.737 | -0.681 | -0.681
@ 31 52.396 : 26.257 i 28.588 | 52.096 | 27.267 | 27.201 0.300 -1.010 | -1.386 0.300
< < 32 46.061 | 24.666 : 34.371 | 45.908 | 25.559 | 33.067 0.154 -0.893 | -1.305 0.154
E 33 41.966 : 23.684 : 36.840 | 41.811 | 24.530 | 35.608 | 0.156 -0.846 | -1.233 0.156
34 37.956 | 23.074 | 39.624 | 37.827 | 23.944 | 38.468 | 0.129 -0.870 | -1.156 0.129
35 9.832 : 23.947 : 37.975 9.802 | 24.478 | 37.249 | 0.030 -0.531 | -0.726 0.030
@ 36 13.119 : 24.607 | 36.480 | 13.017 | 25.232 | 35.811 0.102 -0.625 | -0.669 0.102
@ < 37 9.285 | 25.644 | 32.012 9.201 | 25.867 | 31.247 0.083 -0.224 | -0.766 0.083
5 38 13.970 : 26.576 | 30.661 | 13.792 | 27.060 | 29.882 0.178 -0.483 | -0.778 0.178
39 10.666 : 27.429 | 24.513 | 10.445 | 27.469 | 23.722 0.221 -0.040 | -0.791 0.221
40 14.827 | 27.653 | 20.176 | 14.641 | 27.764 | 19.345 | 0.186 -0.111 | -0.831 0.186

Note: A positive value for AX; AY, and AZ will denote crushing inward toward the occupant compartment

Figure E-4. Occupant Compartment Deformation Data — Set 2, Test No. MNNW-1
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January 31, 2019

MwRSF Report No. TRP-03-396-19

Date: 2/27/2018 Test Name: MNNW-1 VIN: 1D7RB1CT0AS214480
Year: 2010 Make: Dodge Model: RAM 1500 Crew
g
|
) | ! + ‘
= | |
Cmax f - : : i
E = | \ 3
1
|
| I
| |
<) ' i

in. {mm})
Distance from C.G. to reference line - Lggr: 123 (3124)

Total Vehicle Width: 76 1/2 (1943)
Width of contact and induced crush - Field L: 76 1/2 (1943)

Crush measurement spacing interval (L/5) -1: 151/4 (387)

Distance from center of vehicle to center of Field L - D : 0 ()
Width of Contact Damage: _ 24 (610)
Distance from center of vehicle to center of contact damage - Dc: 25 (635)

NOTE: Enter "NA" for crush measurement if distance can not be measured (i.e., side of vehicle has been pushed inward)
NOTE: All values must be filled out above before crush measurements are filled out.

Original Profile Dist. Between Ref.

Crush Measurement Lateral Location Measurement Lines Actual Crush

in. (mm) in. (mm) in. (mm) in. {mm) {mm)
C, N/A  #VALUE! -38 1/4 -(972) 22 1/2 (572) 18 (457) #VALUE! #VALUE!
C, 291/2 (749) -23 -(584) 6 1/2 (165) 5 {127)
C; 18 (457) -7 314 -(197) 41/4 (108) -41/4 -(108)
Cy 19 1/4 (489) 71/2 (191) 41/4 (108) -3 -(76)
Cs 37 (940) 22 3/4 (578) 61/8 (156) 127/8 (327)
Ce N/A  #VALUE! 38 (965) 20 1/2 (521) #VALUE! #VALUE!
Cuax 37 (940) 22 3/4 (578) 61/8 (156) 127/8 (327)

Figure E-5. Exterior Vehicle Crush (NASS) - Front, Test No. MNNW-1
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January 31, 2019
MwRSF Report No. TRP-03-396-19

Date: 2/27/2018 Test Name: MNNW-1 VIN:  1D7RB1CT0AS214480
Year: 2010 Make: Dodge Model: RAM 1500 Crew
+

R e 9
[ | |
! ’ |

in. (mm)
Distance from centerline to reference line - Lggr: 49 (1245)

Total Vehicle Length: _229 3/8  (5826)
Distance from vehicle c.g. to 1/2 of Vehicle total length: -5 2/3 -(144)

Width of contact and induced crush - Field L: _229 3/8  (5826)
Crush measurement spacing interval (L/5) -1: _ 457/8 (1165)
Distance from vehicle c.g. to center of Field L - Dg:  -48 3/4  -(1238)

Width of Contact Damage: 229 3/8  (5826)
Distance from vehicle c.g. to center of contact damage - D.:  -48 3/4  -(1238)

NOTE: Enter "NA" for crush measurement if distance can not be measured (i.e., front of vehicle has been pushed inward or tire has been removed)
NOTE: All values must be filled out above before crush measurements are filled out.

Longitudinal Original Profile Dist. Between Ref.
Crush Measurement Location Measurement Lines Actual Crush
in. (mm) in. (mm) in. (mm) in. (mm) in. (mm)
Cy N/a #VALUE! -163 1/2  -(4153) 33 1/2 (851) 5 (127) #VALUE! #VALUE!
C, N/A  #VALUE! -117 5/18  -(2988) 26 5/8 (676) #VALUE! #VALUE!
C; N/A  #VALUE! -713/4 -(1822) 53/8 (137) #VALUE! #VALUE!
C, 7112 (191) -257/8 -(657) 51/4 (133) -2 314 -(70)
Cs 71/4 (184) 20 (508) 51/8 (130) -27/8 -(73)
Ce 21 (533) 65 7/8 (1673) 53/8 (137) 10 5/8 (270)
Cuax 22 (559) 75 (1905) 57/8 (149) 111/8 (283)

Figure E-6. Exterior Vehicle Crush (NASS) - Side, Test No. MNNW-1

225



January 31, 2019
MwRSF Report No. TRP-03-396-19

Date: 2/27/2018 Test Name: MNNW-2 VIN: KMHCN4ACXBU610901
Year: 2010 Make: Hyundai Model: Accent

VEHICLE PRE/POST CRUSH
FLOORPAN - SET 1

X Y Z X' Y z' AX AY AZ Total A | Crush

POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in) (in.) (in.)
1 54.298 7.532 1.865 54.288 7.466 1.507 0.010 0.066 -0.357 0.363 0.010
o 2 55.156 | 11.802 2.442 55.038 | 11.724 2.021 0.118 0.078 -0.421 0.444 0.118
> W 3 55.577 | 14.904 2677 55.473 | 14.877 2.255 0.104 0.027 -0.423 0.436 0.104
E E 4 54.960 | 19.622 2.444 54.831 19.570 1.916 0.129 0.052 -0.528 0.546 0.129
w H 5 51.721 9.715 0.369 51.648 9.744 0.073 0.073 -0.029 -0.296 0.306 0.073
,9 é 6 52.305 | 14.074 0.709 52137 | 13.935 0.265 0.168 0.139 -0.444 0.495 0.168
7 51.727 | 20.015 0.461 51.644 | 19.979 -0.064 0.083 0.036 -0.525 0.533 0.083
8 51.367 | 23.427 1.532 51.138 | 23.245 0.859 0.229 0.181 -0.674 0.735 0.229
9 46.431 9.515 -1.913 | 46.256 9.359 -2.184 0.176 0.155 -0.271 0.358 -0.271
10 46.119 | 14284 | -1.824 | 45980 | 14.204 -2.221 0.138 0.080 -0.397 0.428 -0.397
11 46.001 19.730 | -1.793 | 45914 | 19.507 -2.284 0.087 0.222 -0.491 0.546 -0.491
12 46.093 | 23.978 | -1.639 | 45967 | 23.811 -2.164 0.125 0.167 -0.526 0.566 -0.526
13 42613 8.983 -2.270 | 42597 8.928 -2.478 0.016 0.055 -0.207 0.215 -0.207
14 42250 | 13.671 -2103 | 42136 | 13.520 -2.283 0.114 0.151 -0.180 0.261 -0.180
15 42182 | 18.954 | -1.926 | 42.041 18.720  -2.398 0.141 0.234 -0.473 0.546 -0.473
16 42167 | 23.887 | -1.795 | 42.094 | 23.761 -2.411 0.073 0.126 -0.616 0.633 -0.616
- 17 39.486 8.719 -2.555 | 39.449 8.643 -2.836 0.037 0.076 -0.281 0.293 -0.281
& 18 39.940 | 13.348 | -2.266 | 39.777 | 13.250 -2.202 0.163 0.097 0.064 0.200 0.064
o 19 39.553 | 18456 | -2.059 | 39.469 | 18.418 -2.501 0.084 0.038 -0.442 0.452 -0.442
8 20 39.235 | 23.357 | -2.245 | 39121 | 23185 -2.910 0.114 0.172 -0.665 0.696 -0.665
T 21 35.354 8.570 -2.617 | 35.280 8.583 -2.895 0.074 -0.013 -0.279 0.289 -0.279
22 35483 | 12905 | -2.469 | 35435 | 12.757 -2.606 0.048 0.148 -0.136 0.207 -0.136
23 35.094 | 18205 | -2.170 | 35.062 | 18.091 -2.641 0.031 0.114 -0.471 0.485 -0.471
24 34.831 | 23115 | -2.588 | 34.697 | 23.021 -3.160 0.134 0.094 -0.572 0.595 -0.572
25 31.170 8.479 -2.285 | 31.134 8.424 -2.575 0.037 0.055 -0.290 0.297 -0.290
26 31.278 | 12995 | -2.280 | 31.232 | 12.948 -2.765 0.046 0.048 -0.485 0.490 -0.485
27 31.465 | 18.241 -2.210 | 31.403 | 18.146 -2.673 0.062 0.095 -0.463 0.477 -0.463
28 31478 | 23568 | -2.432 | 31.408 | 23.431 -3.008 0.070 0.137 -0.576 0.596 -0.576
29 26.021 12.267 1.349 26.033 | 12.239 1.001 -0.012 0.027 -0.348 0.349 -0.348
30 26.045 | 20.624 1.393 26.024 | 20.620 0.906 0.021 0.004 -0.488 0.488 -0.488

Note: A positive value for AX, AY, and AZ will denote crushing inward toward the occupant compartment
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Figure E-7. Floor Pan Deformation Data — Set 1, Test No. MNNW-2
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January 31, 2019
MwRSF Report No. TRP-03-396-19

Date: 2/27/2018 Test Name: MNNW-2 VIN:  KMHCN4ACXBU610901
Year: 2010 Make: Hyundai Model: Accent
VEHICLE PRE/POST CRUSH
FLOORPAN - SET 2
X Y z X' Y' z AX AY AZ Total A | Crush
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in) (in.) (in.)

1 64.304 | 17.061 -3.971 64.333 | 16.717 -3.637 -0.029 0.344 0.335 0.481 0.335
o 2 65.117 | 21.341 | -3.411 65.070 | 20.924  -3.027 0.047 0.418 0.384 0.569 0.387
> W 3 65.506 | 24.449 | -3.188 | 65456 | 24.011 -2.743 0.051 0.438 0.445 0.627 0.448
E % 4 64.841 | 29158 | -3440 | 64834 | 28686 -2.978 0.006 0.472 0.462 0.661 0.462
w H 5 61.705 19.210 -5.477 61.701 18.877 -5.063 0.005 0.333 0.413 0.531 0.413
,9 é 6 62244 | 23.577 | -5154 | 62235 | 23.112 -4.732 0.008 0.464 0.422 0.627 0.422
7 61.604 29.510 -5.426 61.632 29.123 -4.993 -0.028 0.387 0.433 0.581 0.433
8 61.209 | 32922 | -4.368 | 61.100 | 32.432 -3.987 0.109 0.490 0.381 0.631 0.396
9 56.419 18.946 -7.760 56.485 18.588 -7.354 -0.066 0.357 0.406 0.545 0.406
10 56.057 | 23.712 | -7.690 | 56.099 | 23.421 -7.306 | -0.042 0.291 0.384 0.483 0.384
11 55.882 | 29.156 | -7.681 55912 | 28.754 -7.272 -0.030 0.403 0.408 0.574 0.408
12 55.930 | 33406 | -7.543 | 55.936 | 32972 -7.079 -0.007 0.434 0.465 0.635 0.465
13 52606 | 18.373 | -8.116 | 52.720 | 18.076  -7.696 -0.114 0.297 0.420 0.527 0.420
14 52195 | 23.058 | -7.967 | 52121 | 28.049 -7.442 0.074 -4.991 0.526 5.019 0.526
15 52.072 28.341 -7.812 51.643 29.178 -6.524 0.429 -0.837 1.288 1.595 1.288
16 52.005 | 33.273 | -7.701 52.093 | 33.003 -7.375 -0.088 0.271 0.326 0.432 0.326
= 17 49483 | 18.076 | -8.401 49.681 17.913  -8.094 -0.199 0.163 0.307 0.400 0.307
E 18 49,888 22.710 -8.130 49917 22.418 -7.356 -0.029 0.291 0.774 0.827 0.774
o 19 49448 | 27.814 | -7.943 | 49.528 | 27.565 -7.573 -0.080 0.249 0.370 0.454 0.370
8 20 49.079 32.711 -8.150 49.133 32.359 -7.893 -0.053 0.352 0.256 0.439 0.256
i 21 45,352 17.884 -8.463 45.468 17.640 -8.181 -0.115 0.244 0.282 0.391 0.282
22 45436 | 22220 | -8.333 | 45495 | 21.788 -7.856 -0.059 0.432 0.477 0.646 0.477
23 44991 | 27517 | -8.055 | 45.072 | 27171 -7.768 -0.081 0.346 0.288 0.457 0.288
24 44678 | 32422 | -8493 | 44707 | 32128 -8.203 -0.029 0.294 0.290 0.413 0.290
25 41170 | 17.750 | -8.133 | 41.253 | 17.492 -7.913 -0.083 0.258 0.220 0.349 0.220
26 41230 | 22267 | -8.145 | 41.284 | 22.032 -8.022 -0.054 0.235 0.123 0.271 0.123
27 41.363 | 27.515 | -8.097 | 41.401 | 27.185 -7.843 -0.038 0.330 0.253 0.418 0.253
28 41.320 | 32.841 -8.340 | 41.366 | 32.507 -8.076 -0.045 0.334 0.264 0.428 0.264
29 35979 | 21499 | -4516 | 36.086 | 21.229 -4.331 -0.107 0.270 0.185 0.344 0.185
30 35.917 | 29856 | -4.505 | 36.036 | 29477 -4.276 -0.120 0.379 0.230 0.459 0.230

Note: A positive value for AX, AY, and AZ will denote crushing inward toward the occupant compartment

DDDR\\ .

21 22 23 g4
25 26 27 28

29

DASHBOARD { 9 8
5—6 7 8
11 (12
13 14 1
17 18 19 )6

30

Figure E-8. Floor Pan Deformation Data — Set 2, Test No.
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January 31, 2019
MwRSF Report No. TRP-03-396-19

Date: 2/27/2018 Test Name: MNNW-2 VIN: KMHCN4ACXBU610901
Year: 2010 Make: Hyundai Model: Accent

VEHICLE PRE/POST CRUSH
INTERIOR CRUSH - SET 1

X Y z X Y z AX AY AZ | TotalA | Crush
point | ) | @y | oy | oy | Gy | @y | ) | oy | @y [ ) | n)

1 38580 | 2.111 | 26.760 | 38436 | 2.184 | 26.841 | 0.144 | -0.073 | 0.081 | 0.180 | 0.180

2 38185 | 9293 | 26.193 | 37.900 | 9417 | 26125 | 0285 | -0.124 | -0.068 | 0.318 | 0.318

= 3 39.276 | 15.347 | 25.399 | 38995 | 15.441 | 25209 | 0.281 | -0.094 | -0.191 | 0.352 | 0.352
= 4 39.233 | 22286 | 25253 | 38.839 | 22.366 | 24.713 | 0.394 | -0.080 | -0.540 | 0.673 | 0673
5 34113 | 6612 | 19.901 | 33.897 | 6528 | 19.906 | 0215 | 0.084 | 0006 | 0231 | 0231

6 37.124 | 23172 | 20121 | 36617 | 23.042 | 19587 | 0507 | 0130 | -0.534 | 0.748 | 0.748

wo 7 43.797 | 28.642 | 4.325 | 43575 | 27.880 | 3.461 | 0.221 | 0.762 | -0.864 | 1.173 | 0.762
oz 8 45846 | 28.449 | 8593 | 45262 | 26.978 | 7.799 | 0583 | 1.471 | -0.794 | 1.771 | 1.471
@5 9 49133 | 28.618 | 8.386 | 48625 | 27.125 | 7.748 | 0509 | 1.493 | -0.638 | 1.701 | 1.493
i 10 38.262 | 29.843 | 21.793 | 37.117 | 29.594 | 20.907 | 1.145 | 0248 | -0.886 | 1.469 | 0248

o " 11 25362 | 30.572 | 19.539 | 24525 | 32177 | 18695 | 0.837 | -1.604 | -0.844 | 1997 | -1.604

o 12 13372 | 29.934 | 23522 | 12.659 | 31.347 | 23.006 | 0713 | 1414 | 0515 | 1.665 | -1.414
29 13 38.881 | 29.825 | 14.500 | 37.699 | 29.215 | 13663 | 1.182 | 0610 | -0.838 | 1.572 | 0610

e 14 26.520 | 30.659 | 7.258 | 25.660 | 30.789 | 6.521 | 0.860 | -0.130 | -0.737 | 1.140 | -0.130

= 15 15.365 | 29.937 | 14.100 | 14620 | 31.485 | 13517 | 0745 | 1547 | -0583 | 1.814 | -1.547

16 25259 | 1664 | 41.376 | 25.069 | 2.890 | 41.339 | 0.190 | -1.226 | -0.036 | 1.241 | -0.036

17 24893 | 6627 | 41.444 | 24803 | 7.951 | 41382 | 0.091 | -1.324 | -0.063 | 1.329 | -0.063

18 24661 | 12.448 | 41210 | 24623 | 13.767 | 41194 | 0.038 | -1.319 | -0.016 | 1.320 | -0.016

19 23534 | 20.362 | 40.799 | 23529 | 21.686 | 40.866 | 0.005 | -1.324 | 0.067 | 1.325 | 0.067

20 20.340 | 1.715 | 44.098 | 20.192 | 2.982 | 44.096 | 0.148 | -1.267 | -0.002 | 1.276 | -0.002

21 20.030 | 6.008 | 44126 | 19.915 | 7.391 | 44.168 | 0.114 | -1.383 | 0.042 | 1.389 | 0.042

w 22 19.699 | 11.419 | 43.990 | 19593 | 12.785 | 44.060 | 0.106 | -1.366 | 0.070 | 1.371 | 0.070
54 23 19.004 | 18.331 | 43.590 | 18.855 | 19.654 | 43632 | 0149 | -1.323 | 0.042 | 1.332 | 0.042
x 24 16.581 | 1.752 | 44.741 | 16508 | 3.019 | 44927 | 0073 | -1.267 | 0.186 | 1.283 | 0.186
25 16.345 | 5580 | 44.753 | 16.326 | 6.908 | 44.878 | 0019 | -1.329 | 0125 | 1.335 | 0.125

26 16.505 | 11.188 | 44.532 | 16.431 | 12.439 | 44623 | 0074 | -1251 | 0.091 | 1.257 | 0.091

27 15.964 | 17.652 | 44.146 | 15797 | 18.917 | 43992 | 0167 | 1.265 | 0153 | 1.285 | -0.153

28 13.422 | 3.877 | 45126 | 13329 | 5113 | 45255 | 0093 | -1.235 | 0129 | 1.246 | 0.129

29 13.488 | 8.850 | 45.006 | 13.400 | 10.051 | 45.110 | 0.087 | -1.201 | 0.104 | 1.209 | 0.104

30 13.589 | 14.159 | 44.708 | 13491 | 15419 | 44562 | 0098 | -1.260 | -0.146 | 1.272 | -0.146

o 31 42.898 | 27.404 | 29.021 | 42470 | 27.805 | 28.431 | 0.428 | -0.401 | -0.590 | 0.832 | 0428
<3 32 38141 | 26.423 | 32.394 | 38003 | 27.140 | 32.074 | 0138 | -0.717 | -0.319 | 0797 | 0.138
= 33 33240 | 25.345 | 35374 | 33245 | 26.206 | 35359 | -0.005 | -0.860 | -0.016 | 0.860 | 0.000
- 34 25885 | 23.941 | 38.480 | 25989 | 24.931 | 38.714 | 0.104 | -0.990 | 0.233 | 1.023 | 0.233
35 4770 | 23.333 | 39.536 | 4.718 | 24.491 | 39.164 | 0.053 | -1.159 | -0.372 | 1.218 | 0.053

i 36 2.586 | 25.307 | 35556 | 2.405 | 26.200 | 35147 | 0.181 | -0.893 | -0.410 | 0.999 | 0.181
oS 37 6.496 | 26.265 | 33.106 | 6.347 | 27.201 | 32747 | 0149 | -0.936 | -0.359 | 1.013 | 0.149
= 38 3515 | 27526 | 28.720 | 3.298 | 28.176 | 28192 | 0.217 | -0.650 | -0.528 | 0.865 | 0.217
39 7.882 | 27.892 | 26.174 | 7.647 | 28.787 | 25.703 | 0.235 | -0.895 | -0.471 | 1.038 | 0.235

40 4624 | 28221 | 20415 | 4.548 | 28.645 | 19.850 | 0.077 | -0.424 | 0566 | 0.711 | 0.077

Note: A positive value for AX, AY, and AZ will denote crushing inward toward the occupant compartment

Figure E-9. Occupant Compartment Deformation Data — Set 1, Test No. MNNW-2
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January 31, 2019
MwRSF Report No. TRP-03-396-19

Date: 2/27/2018 Test Name: MNNW-2 VIN: KMHCN4ACXBU610901
Year: 2010 Make: Hyundai Model: Accent

VEHICLE PRE/POST CRUSH
INTERIOR CRUSH - SET 2

X Y A X' i z' AX AY AZ Total A Crush

point | @) | @y | any | ey [ any [ ey | @y | oy | oy [ ) | an)

1 48.636 11.558 | 20.943 | 48.386 10.813 | 21.470 0.250 0.745 0.527 0.946 0.946

2 48.167 18.734 | 20.351 47.808 18.008 | 20.914 0.360 0.727 0.564 0.987 0.987

3:) 3 49196 | 24.797 19.537 | 48.751 24.087 | 20.018 0.445 0.709 0.481 0.966 0.966
g 4 49.081 31.734 19.366 | 48.594 | 30.945 19.728 0.487 0.789 0.361 0.995 0.995
5 44,125 15.990 14.067 43.844 15.193 14.600 0.281 0.797 0.533 0.999 0.999

6 46.966 32.580 14.231 46.409 31.653 14.609 0.557 0.927 0.378 1.145 1.145

w d 7 53.588 38.065 -1.582 53.468 36.946 -1.435 0.120 1.119 0.147 1.135 1.119
=] E 8 55.637 37.908 2.688 55.119 35.981 2.931 0.518 1.927 0.243 2.010 1.927
Ly 9 58.923 38.110 2.482 58.398 | 36.173 2.872 0.525 1.937 0.390 2.044 1.937
w 10 48.034 39.268 15.880 | 46.821 38.288 16.071 1.212 0.981 0.191 1.571 0.981
g e 11 35.128 39.857 13.619 34225 | 40.788 13.678 0.904 -0.932 0.059 1.299 -0.932
— O 12 23.144 39.108 17.600 | 22263 | 39.789 17.883 0.880 -0.681 0.283 1.149 -0.681
2 8 13 48.656 39.232 8.588 47534 | 38.039 8.751 1.122 1.193 0.163 1.646 1.193
% 14 36.290 39.913 1.338 35.526 39.623 1.508 0.764 0.289 0.170 0.834 0.289
= 15 25.140 39.100 8.179 24.409 | 40.091 8.419 0.731 -0.991 0.241 1.255 -0.991
16 35.315 11.025 | 35.555 34.846 11.165 | 35.803 0.469 -0.140 0.247 0.548 0.247

17 34.898 15.984 | 35.607 34.528 16.192 | 35.924 0.370 -0.208 0.318 0.530 0.318

18 34.606 | 21.801 35.352 34264 | 22.015 | 35.854 0.341 -0.214 0.502 0.644 0.502

19 33.397 | 29.702 | 34.913 33.101 29.955 | 35648 0.296 -0.254 0.734 0.831 0.734

20 30.394 11.034 38.276 29.903 11.170 38.548 0.491 -0.136 0.272 0.578 0.272

21 30.040 15.323 | 38.288 | 29.547 15493 | 38.685 0.493 -0.170 0.396 0.655 0.396

L 22 29.654 | 20.730 | 38.134 | 29.180 | 20.933 | 38.659 0.474 -0.202 0.525 0.736 0.525
8 23 28.887 27.633 37.710 28.456 27.773 38.335 0.431 -0.140 0.626 0.773 0.626
x 24 26.635 11.034 | 38.917 | 26.206 11.091 39.322 0.429 -0.057 0.404 0.592 0.404
25 26.360 14.859 | 38.916 | 26.024 14.886 | 39.334 0.336 -0.027 0.418 0.537 0.418

26 26.462 | 20.468 | 38.675 | 26.026 | 20.521 39.183 0.436 -0.052 0.508 0.671 0.508

27 25.854 | 26.925 | 38.267 | 25.369 | 27.061 38.655 0.485 -0.137 0.388 0.636 0.388

28 23.454 13.128 39.293 23.003 13.265 39.658 0.451 -0.136 0.365 0.596 0.365

29 23.468 18.101 39.156 | 23.034 18.197 | 39.592 0.434 -0.096 0.435 0.622 0.435

30 23.515 | 23.410 | 38.840 | 23.087 | 23.491 39.146 0.428 -0.081 0.306 0.532 0.306

x 31 52.692 36.902 | 23.119 52.147 | 36.425 | 23.564 0.545 0.477 0.446 0.850 0.850

< < 32 47 944 35.884 | 26.492 | 47608 | 35643 | 27.105 0.337 0.241 0.612 0.739 0.739
= 33 43.053 34,766 | 29.475 | 42790 | 34.598 | 30.306 0.263 0.168 0.831 0.887 0.887

- 34 35.711 33.297 | 32.583 35526 | 33.206 | 33.581 0.185 0.091 0.998 1.019 1.019
35 14.604 32474 | 33.634 14283 | 32.542 | 33.852 0.321 -0.069 0.218 0.394 0.388

o 36 12.401 34.411 29.646 11.997 34.336 29.770 0.404 0.076 0.124 0.430 0.430

& 5 37 16.302 35.401 27.193 15.995 | 35.421 27.418 0.307 -0.019 0.224 0.381 0.380
= 38 13.310 36.616 | 22.803 12975 | 36.420 | 22.989 0.335 0.197 0.186 0.431 0.431

T 39 17.673 37.018 | 20.257 17343 | 37113 | 20.427 0.331 -0.095 0.170 0.384 0.372
40 14.415 | 37.294 | 14496 | 14218 | 37.047 | 14.623 0.197 0.247 0.128 0.341 0.341

Note: A positive value for AX, AY, and AZ will denote crushing inward toward the occupant compartment

Figure E-10. Occupant Compartment Deformation Data — Set 2, Test No. MNNW-2
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January 31, 2019

MwRSF Report No. TRP-03-396-19

Date: 2/27/2018 Test Name: MNNW-2

Year: 2010 Make: Hyundai

VIN:

KMHCN4ACXBU610901

Model:

Accent

Distance from C.G. to reference line - Lggg:

Total Width of Vehicle:

Width of contact and induced crush - Field L:

Crush measurement spacing interval (L/5) - I:

Distance from center of vehicle to center of Field L - D¢, :

Width of Contact Damage:

Distance from center of vehicle to center of contact damage - D¢:

89

65 3/4
327/8
6 5/8
0
227/8
0

{mm)
(2261)
(1670)

(835)
(168)

NOTE: Enter "NA" for crush measurement if distance can not be measured (i.e., side of vehicle has been pushed inward)
NOTE: All values must be filled out above before crush measurements are filled out.

Rl s aramaT Latefal Original Profile Dist. Be_tween Ref. Actuai Crush
Location Measurement Lines
in. (mm) in. ({mm) in. (mm) in. {mm) in. (mm)
Cy 19 (483) -16 1/2  -(419) 3718 (98) 17 318 (441) -21/4 -(57)
G 1812 (470) 97/8 -(251) 23/4 70) 158 (@)
[ 18 (457 314 -(83) 13/4 44 A 1/8 (29)
€, 19 (483 33/8  (86) 13/4 44 178 FE))
Cs 20 3/4 (527 10 (254) 23/4 70! 5/8 (16)
Ce 37 (940 16 5/18 (422) 378 98 15 3/4 (400)
Cuax 43 1/4 (1099) 12 (305) 3 (76) 22718 (581)

Figure E-11. Exterior Vehicle Crush (NASS) - Front, Test No. MNNW-2
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January 31, 2019
MwRSF Report No. TRP-03-396-19

Date: 2{27/2018 Test Name: MNNW-2 VIN:  KMHCN4ACXBU610901

Year: 2010 Make: Hyundai Model: Accent

B i A a———
; i TRl 122227
e b -
e

in. (mm)
Distance from centerline to reference line - Lgge: 43 (1092)

Total Vehicle Length: _168 3/8  (4277)
Distance from vehicle c.g. to 1/2 of Vehicle total length: _-11 4/5 -(300)

Width of contact and induced crush - Field L: _140 3/8  (3566)
Crush measurement spacing interval (L/5) - I: 28 1/8 (714)

Distance from vehicle c.g. to centerof Field L-Dg: 5 (127)
Width of Contact Damage: 140 3/8  (3566)
Distance from vehicle c.g. to center of contact damage -D.: 5 (127)

NOTE: Enter "NA" for crush measurement if distance can not be measured (i.e., front of vehicle has been pushed inward or tire has been removed)
NOTE: All values must be filled out above before crush measurements are filled out.

Crush Longitudinal Original Profile Dist. Between Ref.
2 - Actual Crush
Measurement Location Measurement Lines

in. (mm) in. {mm}) in. (mm) in. (mm) in. (mm)

Cy 12 (305) -651/4  -(1657) 4 (102) 7 (178) 1 (25)
C, 11 1/2 (292) -371/18  -(943) 312 (89) 1 (25)
Cs 12 (305) -9 -(229) 31/4 (83) 13/4 (44)
C, 15 {381) 19 1/8 (486) 31/4 (83) 4314 (121)
Cs 26 112 (673) 47 1/4  (1200) 4 (102) 15 1/2 (394)
Cs NA NA 753/8  (1915) 36 (914) NA NA
Cuax 26 1/2 {673) 471/4  (1200) 4 (102) 15 1/2 (394)

Figure E-12. Exterior Vehicle Crush (NASS) - Side, Test No. MNNW-2
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January 31, 2019
MwRSF Report No. TRP-03-396-19

Date: 4/4/2018 Test Name: MNNW-3 VIN: 1D7RB1CP7BX646567
Year: 2011 Make: Dodge Model: Ram 1500

VEHICLE DEFORMATION
FLOOR PAN - SET 1

Pre)t(est Pre\t(est Pre;est Posttest X Pos\t{test Posttest Z|  AX* ING AZ? Total A | Crush® Dlrefc;trlons
ponT | (in) (in) (in.) (i) (in.) (in) (i) (in.) i) (in) )] crush®
1 61.8348 | 33.3253 | -2.6982 | 50.9450 | 29.4505 | -3.2749 | 1.8898 | 3.8748 | -0.5767 | 4.3495 | 1.8898 X
2 62.2693 | 31.2544 | -1.5066 | 61.2724 | 29.3262 | -1.2807 | 0.9960 | 1.9282 | 0.3150 | 2.1935 | 1.0458 X Z
4 3 62.8402 | 29.7849 | -0.9496 | 62.3078 | 28.6385 | -0.1183 | 0.5324 | 1.1464 | 0.8313 | 15120 | 0.9872 X, Z
>0 _ 4 62.9440 | 27.8081 | -0.0158 | 62.5648 | 26.9299 | 0.9500 | 0.3792 | 0.8782 | 0.9658 | 1.3503 | 1.0376 X Z
g E N 5 62.9025 | 24.6086 | 0.0318 | 62.6564 | 23.7449 | 1.2138 | 0.2461 | 0.8637 | 1.1820 | 1.4845 | 1.2073 X, Z
wi X 6 59.2622 | 34.5090 | 1.6317 IBAD DATABAD DATABAD DATABAD DATABAD DATABAD DATABAD DATABAD DATA| X, Z
P I 7 53.0047 | 29.8356 | 1.8407 | 58.3343 | 28.3932 | 2.1788 | 0.6604 | 1.4424 | 0.3381 | 1.6220 | 0.7419 X Z
= 3 53.8047 | 26.7287 | 2.0202 | 58.8020 | 254234 | 2.9810 | 0.0927 | 1.3053 | 0.9608 | 1.6234 | 0.9653 X Z
9 58.6783 | 22.5736 | 1.8200 | 58.5052 | 21.7746 | 3.1298 | 0.083L | 0.7990 | 1.2999 | 1.5281 | 1.3026 X, Z
10 57.5577 | 20.5099 | -0.5605 | 57.0550 | 20.4621 | 0.4179 | 0.5027 | 0.0478 | 0.9784 | 1.1010 | 1.1000 X, Z
11 53.2310 | 33.3278 | 4.9748 | 53.0944 | 32.1373 | 52944 | 0.1366 | 1.1905 | 0.3196 | 1.2402 | 0.3196 z
12 53.2880 | 30.3505 | 4.8556 | 53.0681 | 29.3892 | 5.6418 | 0.2199 | 0.9613 | 0.7862 | 1.2612 | 0.7862 z
13 53.2866 | 25.0368 | 4.8636 | 53.2030 | 24.1057 | 6.0261 | 0.0836 | 0.9311 | 1.1625 | 1.4918 | 1.1625 z
14 52,6165 | 20.2609 | 3.1583 | 52.4108 | 19.4753 | 4.3896 | 0.1067 | 0.7856 | 1.2313 | 1.4738 | 1.2313 z
15 52.1464 | 18.5228 | 1.8881 | 51.9422 | 17.8807 | 2.9446 | 0.2042 | 0.6421 | 1.0565 | 1.2531 | 1.0565 z
16 495424 | 33.4697 | 5.0764 | 49.5286 | 32.5721 | 6.0784 | 0.0138 | 0.8976 | 1.0020 | 1.3453 | 1.0020 z
17 496122 | 30.4326 | 4.9469 | 49.5008 | 29.5056 | 5.9858 | 0.1114 | 0.9270 | 1.0389 | 1.3968 | 1.0389 z
> 18 49.5489 | 24.9253 | 4.9721 | 49.4554 | 24.1189 | 6.0071 | 0.0935 | 0.8064 | 1.0350 | 1.3154 | 1.0350 z
< 19 495803 | 19.4561 | 4.9507 | 49.4122 | 18.5610 | 5.9227 | 0.1681 | 0.8951 | 0.9630 | 1.3255 | 0.9630 z
=g 20 485382 | 15.3092 | 2.2494 | 48.4180 | 14.6687 | 2.0781 | 0.1202 | 0.7305 | 0.7287 | 1.0388 | 0.7287 z
S~ 21 436235 | 33.3737 | 50703 | 43.6441 | 32.6086 | 6.1082 | -0.0206 | 0.7651 | 1.0379 | 12896 | 1.0379 p4
o 22 43.6460 | 30.1310 | 4.9557 | 43.6478 | 29.4204 | 59415 | -0.0018 | 0.7115 | 0.9858 | 1.2157 | 0.9858 z
23 43.6963 | 25.0061 | 4.9409 | 435172 | 24.3009 | 5.7601 | 01791 | 0.7952 | 0.8192 | 1.1556 | 0.8192 z
24 43.7037 | 20.1351 | 4.9912 | 43.5210 | 19.3905 | 56434 | 0.1827 | 0.7446 | 0.6522 | 1.0066 | 0.6522 z
25 43.7801 | 16.0378 | 4.9917 | 43.4994 | 15.2476 | 55302 | 0.2807 | 0.7902 | 0.5385 | 0.9966 | 0.5385 z
26 30.8361 | 33.7275 | 5.3106 | 39.9074 | 33.0272 | 6.1508 | -0.0713 | 0.7003 | 0.8402 | 1.0961 | 0.8402 z
27 390105 | 30.5588 | 53013 | 39.9313 | 29.6997 | 6.0599 | -0.0118 | 0.8591 | 0.7586 | 11462 | 0.7586 b4
28 30.0183 | 24.7673 | 5.2064 | 39.8246 | 24.0273 | 5.9626 | 0.0937 | 0.7400 | 0.6662 | 1.0001 | 0.6662 z
29 33.5472 | 27.5811 | 1.3377 | 33.6634 | 27.0485 | 1.7370 | -0.1162 | 0.5326 | 0.3993 | 0.6757 | 0.3993 z
30 33.6096 | 19.1444 | 1.3679 | 33.5726 | 18.5736 | 1.6837 | 0.0370 | 0.5708 | 0.3158 | 0.6534 | 0.3158 z

A Positive values denote deformation as inward toward the occupant compartment, negative values denote deformations outward away from the occupant
compartment.

B Crush calculations that use multiple directional components will disregard components that are negative and only include positive values where the
component is deforming inward toward the occupant compartment.

€ Direction for Crush column denotes which directions are included in the crush calculations. If no direction listed, then no intrusion is recorded, and Crush will
be 0.

Pretest Floor Pan Posttest Floor Pan

Figure E-13. Floor Pan Deformation Data — Set 1, Test No. MNNW-3
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January 31, 2019
MwRSF Report No. TRP-03-396-19

Date: 4/4/2018 Test Name: MNNW-3 VIN: 1D7RB1CP7BX646567
Year: 2011 Make: Dodge Model: Ram 1500

VEHICLE DEFORMATION
FLOOR PAN - SET 2

Pre)t(est Pre\t(est Pre;est Posttest X Pos\t{test Posttest Z|  AX* ING AZA Total A | Crush® Dlrefc;trlons
ponT | (in) (in) (in.) (i) (in.) (in) (i) (in.) i) (in) )] crush®
1 61.1396 | 48.1965 | -6.7376 | 59.2824 | 44.6865 | -8.4099 1.8572 3.5100 -1.6723 4.3088 1.8572 X
2 61.5566 : 46.1228 | -5.6347 | 60.6259 | 44.5722 | -6.4259 0.9307 1.5506 -0.7912 1.9740 0.9307 X
.4 3 62.1153 | 44.6490 | -4.9866 | 61.6667 | 43.8887 | -5.2658 0.4486 0.7603 -0.2792 0.9259 0.4486 X
z W _ 4 62.2026 | 42.6720 { -4.0517 | 61.9215 | 42.1887 | -4.1833 0.2811 0.4833 -0.1316 0.5744 0.2811 X
E E N 5 62.1352 | 39.4729 | -4.0025 | 61.9941 | 39.0058 | -3.8898 0.1411 0.4671 0.1127 0.5008 0.1806 X Z
LIOJ HJJ X 6 58.5742 i 49.4032 | -2.4098 | bad data | bad data | bad data | bad data | bad data | bad data | bad data | bad data ;| bad data
- I 7 58.2687 | 44.7323 | -2.1985 | 57.7115 | 43.6922 | -2.9327 0.5572 1.0401 -0.7342 1.3897 0.5572 X
2 8 58.1435 | 41.6263 | -2.0174 | 58.1663 | 40.7271 | -2.1060 -0.0228 0.8992 -0.0886 0.9038 0.0000
9 57.8937 | 37.4731 | -2.2057 | 57.9365 | 37.0814 | -1.9204 -0.0428 0.3917 0.2853 0.4865 0.2853 z
10 56.7578 | 35.4172 | -4.5956 | 56.3644 | 35.7533 | -4.6064 0.3934 -0.3361 -0.0108 0.5175 0.3934 X
11 52.5317 | 48.2726 0.9305 52.5235 | 47.5010 0.1912 0.0082 0.7716 -0.7393 1.0686 -0.7393 z
12 52.5647 | 45.2948 0.8129 52.4818 | 44.7566 0.5652 0.0829 0.5382 -0.2477 0.5982 -0.2477 z
13 52.5204 : 39.9813 0.8237 52.5849 | 39.4762 0.9991 -0.0645 0.5051 0.1754 0.5386 0.1754 Z
14 51.8126 | 35.2101 | -0.8794 | 51.7569 | 34.8358 | -0.5862 0.0557 0.3743 0.2932 0.4787 0.2932 z
15 51.3292 | 33.4752 | -2.1490 | 51.2564 | 33.2307 | -2.0116 0.0728 0.2445 0.1374 0.2898 0.1374 z
16 48.8443 | 48.4443 1.0300 48.9675 | 47.9672 1.0013 -0.1232 0.4771 -0.0287 0.4936 -0.0287 z
17 48.8896 : 45.4067 0.9020 48.9185 | 44.9003 0.9384 -0.0289 0.5064 0.0364 0.5085 0.0364 z
> 18 48.7818 : 39.9002 0.9301 48.8375 | 39.5144 1.0118 -0.0557 0.3858 0.0817 0.3983 0.0817 z
g 19 48.7690 : 34.4309 0.9206 48.7566 | 33.9565 0.9812 0.0124 0.4744 0.0606 0.4784 0.0606 z
xrQ 20 47.6957 | 30.3811 | -1.7881 | 47.7113 | 30.0430 | -1.9173 -0.0156 0.3381 -0.1292 0.3623 -0.1292 z
8 ~ 21 42.9248 : 48.3962 1.0206 43.0838 | 48.0437 1.0808 -0.1590 0.3525 0.0602 0.3914 0.0602 z
T 22 42.9212 | 45.1543 0.9077 43.0650 | 44.8541 0.9447 -0.1438 0.3002 0.0370 0.3349 0.0370 z
23 42.9308 : 40.1182 0.8956 42.8987 | 39.7341 0.8136 0.0321 0.3841 -0.0820 0.3941 -0.0820 z
24 42.8981 i 35.1574 0.9485 42.8688 | 34.8228 0.7441 0.0293 0.3346 -0.2044 0.3932 -0.2044 z
25 42.9414 : 31.0595 0.9512 42.8187 | 30.6793 0.6708 0.1227 0.3802 -0.2804 0.4881 -0.2804 Z
26 39.1403 | 48.7807 1.2585 39.3506 | 48.4878 1.1511 -0.2103 0.2929 -0.1074 0.3762 -0.1074 z
27 39.1981 : 45.6115 1.2509 39.3515 | 45.1595 1.0920 -0.1534 0.4520 -0.1589 0.5031 -0.1589 z
28 39.1501 | 39.8201 1.2491 39.2062 | 39.4873 1.0501 -0.0561 0.3328 -0.1990 0.3918 -0.1990 z
29 32.8042 | 42.6832 | -2.7148 | 33.0293 | 42.5094 | -3.1517 -0.2251 0.1738 -0.4369 0.5213 -0.4369 z
30 32.7983 | 34.2464 | -2.6801 32.8816 | 34.0352 | -3.1228 -0.0833 0.2112 -0.4427 0.4975 -0.4427 Y4

A Positive values denote deformation as inward toward the occupant compartment, negative values denote deformations outward away from the occupant
compartment.

B Crush calculations that use multiple directional components will disregard components that are negative and only include positive values where the
component is deforming inward toward the occupant compartment.

€ Direction for Crush column denotes which directions are included in the crush calculations. If no direction listed, then no intrusion is recorded, and Crush will
be 0.

Pretest Floor Pan Posttest Floor Pan

Figure E-14. Floor Pan Deformation Data — Set 2, Test No. MNNW-3
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January 31, 2019
MwRSF Report No. TRP-03-396-19

Date: 4/4/2018 Test Name: MNNW-3 VIN: 1D7RB1CP7BX646567
Year: 2011 Make: Dodge Model: Ram 1500

VEHICLE DEFORMATION
INTERIOR CRUSH - SET 1

vl R vaall b Posttest X Pospest Posttest z|  AX' NG a2 | Totala | crush® preatons
PONT | (i) (in) (in) (in) (in) (in) (in) (in) (in) (in) n) | Grushe
1 42.1861 4.2953 | -14.7973 | 41.9147 4.5541 -14.5863 i 0.2714 -0.2588 0.2110 0.4303 0.4303 XY, Z
- < 2 44.8225 4.7014 : -26.5067 | 44.9969 4.9453 -26.1864 | -0.1744 -0.2439 0.3203 0.4387 0.4387 XY, Z
0 > 3 48.1277 | 18.2022 : -26.6980 : 48.3039 | 18.4761 | -26.5302 | -0.1762 | -0.2739 | 0.1678 0.3664 0.3664 XY, Z
é 93 4 48.7786 : 26.4635 | -26.5310 | 48.7759 | 26.7780 | -26.3198 i 0.0027 -0.3145 0.2112 0.3788 0.3788 XY, Z
= 5 46.3741 ;| 22.7477 | -22.4328 | 46.3328 | 22.9613 | -22.3352 i 0.0413 -0.2136 0.0976 0.2384 0.2384 XY, Z
6 44.2273 | 22.9275 | -15.9147 | 43.9673 | 23.0229 | -15.8944 { 0.2600 { -0.0954 | 0.0203 0.2777 0.2777 XY, Z
w d . 7 58.4633 | 36.7887 | -3.9477 56.8394 | 31.4753 | -4.1275 1.6239 5.3134 -0.1798 5.5589 5.3134 Y
(% <ZE z 8 55.9373 | 37.0014 | -3.3273 54.4571 | 32.1295 | -3.3995 1.4802 4.8719 -0.0722 5.0923 4.8719 Y
o 9 56.1118 | 36.7021 | -0.3703 54.8487 | 32.2855 | -0.4112 1.2631 4.4166 -0.0409 4.5938 4.4166 Y
w 10 42.8978 : 39.0887 i -16.4459 | 41.5054 | 40.7124 | -16.6118 i 1.3924 -1.6237 -0.1659 2.1454 -1.6237 Y
% o 11 25.1852 : 39.5037 i -16.7560 ;| 24.1514 i 43.5515 | -16.7348 | 1.0338 -4.0478 0.0212 4.1778 -4.0478 Y
O 12 32.5791 @ 40.0137 | -8.3153 31.6560 | 42.4316 | -8.6162 0.9231 -2.4179 -0.3009 2.6056 -2.4179 Y
2 8 ~ 13 41.2470 : 39.6125 1.0418 39.1966 | 38.0998 0.5972 2.0504 1.5127 -0.4446 2.5865 1.5127 Y
% 14 33.6949 | 39.5023 0.7643 31.8228 | 39.5364 0.3595 1.8721 -0.0341 -0.4048 1.9157 -0.0341 Y
- 15 24.5481 | 38.9539 0.2067 22.7001 | 41.0436 | -0.1423 1.8480 -2.0897 -0.3490 2.8114 -2.0897 Y
16 28.7946 i 25.7562 : -45.3135 | 29.2454 | 26.2092 { -45.1638 | -0.4508 | -0.4530 | 0.1497 0.6564 0.1497 z
17 28.8741 | 22.2064 | -45.6470 ;| 29.3881 | 22.7203 | -45.4454 | -0.5140 -0.5139 0.2016 0.7543 0.2016 z
18 29.4845 i 17.8384 | -45.8584 | 29.9629 | 18.3194 | -45.6287 | -0.4784 -0.4810 0.2297 0.7162 0.2297 z
19 29.7181 i 13.8322 | -46.0231 | 30.2795 | 14.4100 | -45.7576 | -0.5614 -0.5778 0.2655 0.8482 0.2655 z
20 29.7734 | 9.8263 | -46.1382 | 30.3376 | 10.4055 | -45.8536 | -0.5642 | -0.5792 | 0.2846 0.8572 0.2846 z
< 21 24.9369 | 26.0690 ! -45.7447 | 25.4277 | 26.5074 | -45.6252 | -0.4908 -0.4384 0.1195 0.6688 0.1195 z
g 22 25.0953 | 22.1594 | -45.9809 ;| 25.6324 | 22.6008 | -45.8238 | -0.5371 -0.4414 0.1571 0.7127 0.1571 4
% 23 25.2927 § 17.7026 | -46.2337 ;| 25.8713 | 18.2199 | -46.0431 | -0.5786 -0.5173 0.1906 0.7992 0.1906 4
8 24 25.5737 i 13.6570 ; -46.3856 ;| 26.1357 | 14.2256 | -46.1673 | -0.5620 -0.5686 0.2183 0.8287 0.2183 z
25 26.0358 i 9.8735 : -46.5188 | 26.7463 | 10.4210 { -46.2802 | -0.7105 | -0.5475 | 0.2386 0.9282 0.2386 z
26 19.5230 | 25.8925 : -46.0869 | 20.1322 | 26.3694 | -46.0129 i -0.6092 : -0.4769 | 0.0740 0.7772 0.0740 z
27 19.3191 { 21.8082 : -46.4165 : 20.0399 | 22.2900 | -46.3170 i -0.7208 -0.4818 0.0995 0.8727 0.0995 z
28 19.4386 : 17.3172 : -46.6515 i 20.2114 | 17.7478 | -46.5292 i -0.7728 -0.4306 0.1223 0.8931 0.1223 Z
29 19.7678 | 13.0692 : -46.8024 ;| 20.4231 | 13.5530 | -46.6675 | -0.6553 -0.4838 0.1349 0.8256 0.1349 z
30 19.9845 | 9.9952 | -46.8830 | 20.5701 | 10.3882 | -46.7314 | -0.5856 | -0.3930 | 0.1516 0.7214 0.1516 z
31 52.0648 | 35.0489 | -29.8442 | 52.1533 | 35.8585 { -29.2450 | -0.0885 | -0.8096 | 0.5992 1.0111 0.5992 z
x % < 32 48.8736 : 34.2634 i -32.3626 i 49.0630 | 35.0024 | -31.8608 { -0.1894 -0.7390 0.5018 0.9131 0.5018 z
é £ > 33 45.3024 : 33.5704 | -35.1339 | 45.7045 | 34.3172 | -34.7360 { -0.4021 -0.7468 0.3979 0.9369 0.3979 z
o FEY 34 41,5974 | 32.6006 | -37.3103 | 42.0220 | 33.2900 | -37.0704 | -0.4246 | -0.6894 | 0.2399 0.8445 0.2399 z
<=7 35 39.1565 i 32.0903 : -38.9148 | 39.5633 | 32.6879 | -38.6078 | -0.4068 | -0.5976 | 0.3070 0.7854 0.3070 z
36 36.0180 i 31.2642 | -40.6843 | 36.4934 | 31.8752 | -40.5143 | -0.4754 -0.6110 0.1700 0.7926 0.1700 Y4
31 52.0648 { 35.0489 | -29.8442 ; 52.1533 | 35.8585 | -29.2450 { -0.0885 -0.8096 0.5992 1.0111 -0.8096 Y
Ef( S 32 48.8736 : 34.2634 : -32.3626 : 49.0630 i 35.0024 i -31.8608 i -0.1894 -0.7390 0.5018 0.9131 -0.7390 Y
243 33 45.3024 : 33.5704 | -35.1339 | 45.7045 | 34.3172 | -34.7360 | -0.4021 : -0.7468 | 0.3979 0.9369 -0.7468 Y
a g 34 41.5974 { 32.6006 | -37.3103 | 42.0220 | 33.2900 | -37.0704 | -0.4246 | -0.6894 | 0.2399 0.8445 -0.6894 Y
<5 35 39.1565 § 32.0903 | -38.9148 | 39.5633 | 32.6879 | -38.6078 | -0.4068 -0.5976 0.3070 0.7854 -0.5976 Y
36 36.0180 | 31.2642 | -40.6843 | 36.4934 | 31.8752 | -40.5143 | -0.4754 -0.6110 0.1700 0.7926 -0.6110 Y
E g < 37 11.0229 @ 32.4520 : -39.1354 : 11.4401 | 32.7412 | -39.2535 i -0.4172 -0.2892 -0.1181 0.5212 0.0000
JE 38 13.5380 | 35.5036 | -29.3105 | 13.8800 | 35.7155 | -29.3296 | -0.3420 @ -0.2119 | -0.0191 0.4028 0.0000
E. S 93 39 10.1763 | 36.0647 | -25.3679 ;| 10.4646 | 36.1620 | -25.3923 i -0.2883 -0.0973 -0.0244 0.3053 0.0000
o=~ 40 14.1014 | 36.2129 | -23.4456 | 14.3658 | 36.3498 | -23.4441 { -0.2644 -0.1369 0.0015 0.2977 0.0015 y4
[y 37 11.0229 i 32.4520 : -39.1354 | 11.4401 | 32.7412 | -39.2535 i -0.4172 -0.2892 -0.1181 0.5212 -0.2892 Y
é \—‘; 38 13.5380 | 35.5036 i -29.3105 i 13.8800 i 35.7155 | -29.3296 { -0.3420 : -0.2119 | -0.0191 0.4028 -0.2119 Y
a ol 39 10.1763 | 36.0647 i -25.3679 | 10.4646 | 36.1620 | -25.3923 i -0.2883 | -0.0973 | -0.0244 | 0.3053 -0.0973 Y
a 5 40 14.1014 | 36.2129 ;| -23.4456 ; 14.3658 | 36.3498 | -23.4441 i -0.2644 -0.1369 0.0015 0.2977 -0.1369 Y
A Positive values denote deformation as inward toward the occupant compartment, negative values denote deformations outward away from the occupant
compartment.

B Crush calculations that use multiple directional components will disregard components that are negative and only include positive values where the
component is deforming inward toward the occupant compartment.

€ Direction for Crush column denotes which directions are included in the crush calculations. If no direction listed, then no intrusion is recorded, and Crush will
be 0.

Figure E-15. Occupant Compartment Deformation Data — Set 1, Test No. MNNW-3
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January 31, 2019
MwRSF Report No. TRP-03-396-19

Date: 4/4/2018 Test Name: MNNW-3 VIN: 1D7RB1CP7BX646567
Year: 2011 Make: Dodge Model: Ram 1500

VEHICLE DEFORMATION
INTERIOR CRUSH - SET 2

Pre;es‘ Pref(es‘ Pre;es‘ Posttest X P°s$e3t Posttest z|  AX' NG a2 | Totala | crush® D'regr'ons
PONT | (i) (in) (in) (in) (in) (in) (in) (in) (in) (in) n) | Grushe
T | 417502 | 10.3295 | -18.8351 | 41.0636 | 10.3805 | -19.3260 | 0.1956 | -0.0510 | -0.4918 | 05317 | 05317 | X Y,Z
S 5 43.0043 | 107089 | -30.5434 | 44.0474 | 10.6240 | -30.9566 | -0.1431 | 0.0849 | -0.4132 | 0.4454 | 0.4454 | X VY.Z
5 373147 | 33.1834 | -30.7400 | 47.5131 | 33.1000 | -31.4596 | -0.1984 | 0.0735 | -0.7196 | 0.7501 | 0.7501 | X Y,Z
96 4 4B.0300 | 414395 | 30.5760 | 48.0863 | 414072 | 313333 | -0.0563 | 0.0323 | -0.7564 | 0.7592 | 0.7892 | X.¥.Z
= 5 | 455046 | 37.7447 | -26.4780 | 45.633L | 37.6584 | 27.2910 | -0.0385 | 0.0863 | -0.8130 | 0.8185 | 0.8185 | X Y,Z
6 A3.4462 | 37.0446 | ~19.0610 | 43.3256 | 37.8000 | -20.8306 | 0.1206 | 0.1347 | -0.8696 | 0.8882 | 0.8882 | X Y.Z
w d . 7 57.7841 51.7005 -7.9942 56.4017 46.2181 -9.2586 1.3824 5.4824 -1.2644 5.7937 5.4824 Y
SZ ¢ | s 55506 510333 | 73750 | 540339 | 46.9079 | 85162 | 12957 | 50254 | 11410 | 52971 | 50254 v
g 0 554300 | L6341 | 44176 | 544538 | 47.0876 | 5.5331 | 0.0764 | 45465 | -Li162 | 4.7820 | 45465 v
m 10| 42.2430 | 54.1154 | 20.5011 | 41.0696 | 55.5202 | -21.6968 | 11734 | -14048 | 11057 | 2.1863 | -14048 | Y
5. 11245343 | 54.6683 | 20.8200 | 23.7504 | B8.5671 | -21.6955 | 0.7830 | -3.8088 | -0.8755 | 4.0721 | -3.8088 | ¥
D& |12 319279 | 551249 | -12.3750 | 31.3126 | 57.4341 | -13.6325 | 0.6153 | -2.3002 | 12566 | 2.7000 | -2.302 ¥
QQ & ["137740,5880 | 54.6611 | -3.0144 | 38,8801 | 53.0007 | -4.4440 | 17050 | 15614 | 14296 | 2.7188 | L5614 v
e 12530354 | 54,6006 | -3.0055 | 315242 | 546228 | 46311 | 1B112 | -0.0132 | -1.3356 | 2.0160 | -0.0132 ¥
= 15 53.8848 | 54.1322 | -3.8573 | 25.4161 | 56.2351 | -5.0677 | L4687 | -2.1009 | -1.2104 | 2.8363 | -2.1029 | ¥
6| 28.050L | 40.8783 | -49.3687 | 28.3844 | 40.8945 | -49.0996 | 0.3343 | 0.0162 | -0.6309 | 0.7142 | -0.6300 Z
17581001 | 37.3270 | 49.7004 | 28.4827 | 37.4017 | ‘502488 | -0.3806 | -0.0738 | -0.5484 | 0.6716 | -0.5484 7
T8 58,6785 | 32,0551 | 46.0002 | 25,0031 | 320996 | 50.3048 | "0.3246 | -0.0375 | -0.4856 | 0.5853 | -0.4856 7
10 28.8800 | 28.947 | 50.0718 | 29.2717 | 20.0787 | -50.4887 | -0.3908 | -0.1315 | -0.416 | 0.5864 | -0.4160 z
501 58.9050 | 24.9408 | -50.1847 | 29.2810 | 25.0730 | -50.5466 | -0.3760 | -0.1322 | -0.3619 | 0.5384 | -0.3610 z
o 51 541051 | 412210 | -49.8010 | 24.5665 | 41.2344 | -50.4304 | -0.3714 | -0.0134 | 0.6285 | 0.7302 | -0.6285 z
8 55 5a3231 | 37.3100 | 50.0360 | 24.7226 | 37.3230 | -50.5932 | -0.3995 | -0.0137 | -0.5572 | 0.6858 | -0.5572 7
n 23 | 24.4850 | 32.8518 | 50.2865 | 24.0072 | 32.0385 | -50.7724 | 0.4213 | -0.0867 | -0.4850 | 0.6480 | -0.4850 z
S 24| 247354 | 28.8040 | -50.4362 | 25.1226 | 28.0403 | -50.8604 | -0.3872 | -0.1363 | 0.4242 | 0.5003 | -0.4242 z
25 17251681 | 25.0170 | -50.5672 | 25.6865 | 25.1278 | -50.0420 | -0.5184 | -0.1108 | -0.3748 | 0.6492 | -0.3748 z
6 | 18.7802 | 41.0865 | -50.1467 | 10.2666 | AL1566 | -50.7705 | -0.4864 | -0.0701 | -0.6238 | 0.7941 | -0.6238 z
57 18.5447 | 37.0037 | B0.4743 | 19.1227 | 37.0759 | 510345 | -0.5780 | 0.0722 | -0.5602 | 0.8082 | -0.5602 7
58 1 18.6207 | 32.5118 | 50,7060 | 19.2370 | 32.5302 | -51.2044 | -0.6087 | -0.0184 | -0.4075 | 0.7864 | -0.4975 z
50 "18.9754 | 28.0614 | -50.8555 | 10.3081 | 28.3320 | -5L3041 | -0.4727 | -0.0706 | -0.4486 | 0.6555 | -0.4486 z
30 19.1182 | 75.1857 | -50.0343 | 19.5067 | 25.1651 | -51.3380 | -0.3885 | 0.0206 | -0.4046 | 0.5613 | -0.4046 z
3L | 513846 | 49.9973 | -33.8020 | 515462 | 50.4180 | -34.3753 | 0.1616 | 0.4207 | -0.4824 | 0.6602 | 0.0000
© e | 32 | 48188 492354 | 364124 | 484228 | 495744 | 360566 | 00347 | 03390 | 05432 | 06818 | 0.0000
S 2 |33 446135 | 48.5688 | 39.1851 | 45.0310 | 48.0024 | -30.7946 | -0.4175 | -0.3336 | -0.6095 | 0.8106 | 0.0000
5 % |34 409021 | 47.6269 | -41.3628 | 41.3160 | 47.8975 | -42.0867 | -0.4139 | -0.2706 | -0.7239 | 0.8767 | 0.0000
<= [T35 384570 | 47.1348 | -42.9683 | 38.8367 | A7.3105 | -43.5067 | -0.3788 | -0.1757 | -0.6284 | 0.7545 | 0.0000
367553140 | 46,9395 | 44.7388 | 35.7406 | 46.5168 | -45.4685 | -0.4266 | -0.1846 | 0.7297 | 0.8652 1 0.0000
3L | 513846 | 49.9973 | 33.8020 | 515462 | 50.4180 | -34.3/53 | 0.1616 | 0.4207 | 0.4824 | 0.6602 | -0.4207 Y
L2 32| 48.1886 | 49.0354 | 36,4104 | 48.4228 | 49.5744 | -36.0556 | -0.2342 | 0.3390 | -0.5432 | 0.6818 | -0.3390 | ¥
335 33 | 44.6135 | 48.5688 | -30.1851 | 45.0310 | 48.9024 | -39.7946 | -0.4175 | -0.3336 | -0.6005 | 0.8106 | -0.3336 | ¥
i 34 AD.0021 | 47.6269 | 413628 | 413160 | 47.8975 | -42.0867 | -0.4139 | -0.2706 | 0.7239 | 0.8767 | -0.2706 | Y
<5 35 38.4570 | 47.1348 | 42.0683 | 38.8367 | 47.3105 | -43.5967 | -0.3788 | -0.1757 | 0.6284 | 0.7545 | -0.1757 v
36 735.3140 | 46.3322 | 44.7388 | 35.7406 | 46.5168 | -45.4685 | -0.4266 | -0.1846 | -0.7297 | 0.8652 | -0.1846 | ¥
T Eq | 37 | 103281 | 477157 | 43202 | 107116 | 47.6969 | 439972 | 03835 | 00183 | 07946 | 08825 | 00188 Y
S 2|38 128623  50.7526 | -33.3780 | 13.2747 | 50.7359 | -34.1241 | -0.4124 | 0.0167 | -0.7461 | 0.8527 | 0.0167 M
T % | 39 95031 | 513420 | 204374 | 9.8999 | 512611 | -30.1615 | -0.3968 | 0.0809 | -0.7241 | 0.829 | 0.0809 v
@ = [T 134284 | 514605 | 27.5132 | 13.8200 | 5L.4204 | -28.2404 | 0.3918 | 0.0401 | -0.7362 | 0.8349 | 0.0401 Y
T o 37| 10.328L | 47.7157 | 43.2026 | 10.7116 | 47.6969 | -43.0972 | 0.3835 | 0.0188 | -0.7946 | 0.8625 | 0.0188 Y
33 38 | 12.8623 | 50.7526 | -33.3780 | 13.2747 | 50.7350 | -34.1241 | -0.4124 | 0.0167 | -0.7461 | 0.8527 | 0.0167 v
i 3095031 | 51.3420 | 20.4374 | 9.8999 | 5L2611 | -30.1615 | -0.3068 | 0.0808 | -0.7241 | 0.8296 | 0.0809 v
& 8 40134284 | 514605 | 275132 | 13.8203 | 514204 | 28.9494 | -0.3918 | 0.0401 | -0.7362 | 0.8349 | 0.0401 v

A Positive values denote deformation as inward toward the occupant compartment, negative values denote deformations outward away from the occupant
compartment.

B Crush calculations that use multiple directional components will disregard components that are negative and only include positive values where the
component is deforming inward toward the occupant compartment.

€ Direction for Crush column denotes which directions are included in the crush calculations. If no direction listed, then no intrusion is recorded, and Crush will
be 0.

Figure E-16. Occupant Compartment Deformation Data — Set 2, Test No. MNNW-3
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January 31, 2019
MwRSF Report No. TRP-03-396-19

Date: 4/4/2018 Test Name: MNNW-3 VIN: 1D7RB1CP7BX646567

Year: 2011 Make: Dodge Model: Ram 1500
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in. {mm})
Distance from C.G. to reference line - Lggr: 125 1/2 (3188)
Total Vehicle Width: __ 76 1/2 (1943)
Width of contact and induced crush - Field L: 76 1/2 (1943)
Crush measurement spacing interval (L/5) -1: 151/4 (387)
Distance from center of vehicle to center of Field L - D : 0 ()
Width of Contact Damage: _ 32 (813)
Distance from center of vehicle to center of contact damage - Dc: 30 (762)
NOTE: Enter "NA" for crush measurement if distance can not be measured (i.e., side of vehicle has been pushed inward)
NOTE: All values must be filled out above before crush measurements are filled out.
Original Profile Dist. Between Ref.
Crush Measurement Lateral Location Measurement Lines Actual Crush
in. (mm) in. (mm) in. (mm) in. {mm) in. {mm)
C, NA NA -38 1/4 -(972) 22 1/2 (572) 20 1/3 (516) NA NA
C, 26 (660) -23 -(584) 6 1/2 (165) -4/5 -(21)
C; 20 (508) -7 3/4 -(197) 41/4 (108) -4 417 -(116)
Cy 251/4 (641) 71/2 (191) 41/4 (108) 2/3 (17)
Cs 44 (1118) 22 3/4 (578) 61/8 (156) 17 417 (446)
Ce NA NA 38 (965) 20 1/2 (521) NA NA
Cuax 44 (1118) 22 3/4 (578) 61/8 (156) 17 417 (446)

Figure E-17. Exterior Vehicle Crush (NASS) - Front, Test No. MNNW-3
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Date: 4/4/2018 Test Name: MNNW-3 VIN: 1D7RB1CP7BX646567
Year: 2011 Make: Dodge Model: Ram 1500
+$
|
‘ I
Crax = 1 |
R T e~ i ©
1 ' ' 11
N 11 | 7= I
[ Ry 222 | |
T [ — " |
e |
O My O
|
L ¢ )
in. (mm)
Distance from centerline to reference line - Lggr: 52 (1321)
Total Vehicle Length: _2297/8  (5839)
Distance from vehicle c.g. to 1/2 of Vehicle total length: -6 3/4 -(171)
Width of contact and induced crush - Field L: 114 (2896)
Crush measurement spacing interval (L/5) - 1: _ 22 3/4 (578)
Distance from vehicle c.g. to center of Field L - Dg: 46 (1168)
Width of Contact Damage: 114 (2896)
Distance from vehicle c.g. to center of contact damage - Dc: 46 (1168)
NOTE: Enter "NA" for crush measurement if distance can not be measured (i.e., front of vehicle has been pushed inward or tire has been removed)
NOTE: All values must be filled out above before crush measurements are filled out.
Longitudinal Original Profile Dist. Between Ref.
Crush Measurement Location Measurement Lines Actual Crush
in. (mm) in. (mm) in. (mm) in. (mm) in. (mm)
C, 13 (330) -11 -(279) 5 (127) 8 (203) 0 ()
C, 13 3/8 (340) 11 3/4 {298) 5 (127) 3/8 (10)
C3 17 3/8 (441) 34172 {876) 51/8 (130) 41/4 (108)
C, NA NA 57 1/4 (1454) 5 5/8 (143) NA NA
Cs 31172 (800) 80 (2032) 53/8 (137) 18 1/8 (460)
Cq 41 1/4 (1048) 102 3/4  (2610) 13 1/4 (337) 20 (508)
Cuax 411/4 (1048) 102 3/4  (2610) 13 1/4 (337) 20 (508)

Figure E-18. Exterior Vehicle Crush (NASS) - Side, Test No. MNNW-2
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Figure F-1. 10-ms Average Longitudinal Deceleration (SLICE-1), Test No. MNNW-1
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Figure F-2. Longitudinal Occupant Impact Velocity (SLICE-1), Test No. MNNW-1

6T-96€-£0-dd.L "ON Hoday 4SHMIN

6102 ‘T¢ Arenuer



e

Longitudinal Change in Displacement - SLICE-1

MNNW-1

Time (sec)

| — CFC-180 Extracted Longitudinal Displacement (m) |

—
E \
N—r
-
c
(5]
£
8 -10
S
o
K7
2 \
-15
-20
-2
-30
0 02 0.4 0.6 0.8 1 12 14 16 18
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Figure F-4. 10-ms Average Lateral Deceleration (SLICE-1), Test No. MNNW-1
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Figure F-7. Vehicle Angular Displacements (SLICE-1), Test No. MNNW-1
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Figure F-12. 10-ms Average Lateral Deceleration (SLICE-2), Test No. MNNW-1
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Figure H-9. 10-ms Average Longitudinal Deceleration (SLICE-2), Test No. MNNW-3
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Figure H-10. Longitudinal Occupant Impact Velocity (SLICE-2), Test No. MNNW-3
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Figure H-11. Longitudinal Occupant Displacement (SLICE-2), Test No. MNNW-3
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Figure H-12. 10-ms Average Lateral Deceleration (SLICE-2), Test No. MNNW-3
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Figure H-13. Lateral Occupant Impact Velocity (SLICE-2), Test No. MNNW-3

6T-96€-€0-dY.L "ON Moday 4SHMI

6102 ‘1€ Arenuep



98¢

Displacement (m)
S

-10

Lateral Change in Displacement - SLICE-2

MNNW-3

0.2

0.4 0.6 0.8

Time (sec)

— CFC-180 Extracted Lateral Displacement (m)

12

Figure H-14. Lateral Occupant Displacement (SLICE-2), Test No. MNNW-3
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Figure H-15. Vehicle Angular Displacements (SLICE-2), Test No. MNNW-3
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Figure H-16. Acceleration Severity Index (SLICE-2), Test No. MNNW-3
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